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Genetics and epigenetics of stress involves the genetic and genetic- 
by-environmental factors that influence the effects of stress on mental 
health and disease. The study of the genetics and epigenetics of stress is of 
fundamental importance as stress is widespread among the global pop-
ulation, with over 70% of the population reporting exposure to trau-
matic events at some point over their lifetime (Benjet et al., 2016). 
Importantly, trauma exposure is an environmental factor that increases 
the risk for the development of different psychopathologies, such as 
post-traumatic stress disorder (PTSD), major depressive disorders 
(MDD) and anxiety disorders (ANX), collectively referred to as 
“stress-related disorders" (Smoller, 2016). These disorders are complex 
and heterogeneous in symptom presentation and biomarker profiles 
(Jovanovic and Ressler, 2010). They have a polygenic etiology with the 
genetic risk interacting with diverse environmental exposures across the 
lifetime to influence disorder liability (Daskalakis et al., 2013). On top of 
this, these disorders are highly comorbid and, at the molecular level, are 
characterized by presenting shared and unique dysregulation of bio-
logical pathways (Bulik-Sullivan et al., 2015; Gandal et al., 2018). This 
Special Issue aims to aggregate reviews and original basic, animal, 
translational and clinical research on the domain. Here, we provide an 
overview of the 16 papers with the goal of providing context and linking 
their content. 

1. Molecular effects of stress 

Stress was defined by Hans Selye as the “non-specific response of the 
body to any demand for challenge” (Selye, 1936). From a physiological 
point of view, this means that exposure to stress activates the autonomic 
nervous system and the hypothalamus-pituitary-adrenal (HPA) axis. The 

latter is the major neuroendocrine stress-response system, and its acti-
vation results in the synthesis and release of glucocorticoids (GC), which 
bind to glucocorticoid receptor (GR) and the mineralocorticoid receptor 
(MR) (de Kloet et al., 2005). GC-binding to the receptors results in acute 
and persistent changes in gene expression in central and peripheral 
tissues (Daskalakis et al., 2022, 2022de Kloet et al., 2005; Johnson et al., 
2018). The goal of the initial changes is to orchestrate physiological and 
behavioral responses, while the persistent changes help the organism to 
overcome the challenge and better adapt to ongoing and future envi-
ronmental demands. 

One of the processes that is responsible for the persistent stress- 
induced alterations is the establishment of epigenetic modifications 
(Meaney and Szyf, 2005). Epigenetic changes encompass a wide variety 
of chemical processes (e.g., in DNA methylation and post-transcriptional 
modifications on histone proteins) that dynamically regulate expression 
of many genes in diverse tissues (Bowman and Poirier, 2015; Kuehner 
et al., 2019). The reviews of Dick and Chen (2021) and Dion et al. (2022) 
compiled evidence on changes in the expression of DNA methyl-
transferases, histone deacetylases (HDACs) and the ten-eleven trans-
location (TET) family of dioxygenase enzymes after stress exposure and 
the molecular impact of these changes on behavioral adaptation in 
response to stress and on the unexposed offspring. Bartlett et al. (2021) 
studied histone alterations due to acute glucocorticoid elevation in the 
mouse hippocampus and in a cell culture system. They show that 
ligand-bound GR induces depletion of histone H3K9me3 at the B2 SINE 
retrotransposon regions leading to its transcription. The impact of stress 
on non-coding gene regions is of particular interest as there have been 
few protein-coding DNA regions that have been associated with etiology 
of stress-related disorders (Daskalakis et al., 2018). 
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2. Etiology and genetic stress-related disorders 

Vulnerability to stress-related mental disorders is traditionally 
conceptualized under the “diathesis-stress” hypothesis, which states that 
genetic risk, environmental adversity, and their interaction are the main 
contributors to disorder liability. In this case, the genetic component 
helps to explain why some people are more likely than others to develop 
a pathogenic phenotype after being exposed to stress. However, while it 
addresses vulnerability, it does not address a path to resilience. The 
outcome of the myriad of stress-induced molecular alterations can 
impact both vulnerability and resilience; depending on context they 
could also help the individual to adapt to new environments and their 
challenges (Belsky et al., 2009). The more recent “Three-hit concept for 
vulnerability and resilience”, posits that the interaction of genetic pre-
disposition (hit-1) and early-life environment (hit-2) will program the 
individual’s epigenetic and hormonal machinery to adapt in the future 
environment (hit-3) (Daskalakis et al., 2013). Because this model ac-
counts for the role of the stress response in adaptation, it explains why 
stress-induced molecular alterations can be expressed as vulnerability in 
one context and resilience in another. 

Over the last two decades, major efforts have been put on interna-
tional collaborations to study the genetics of stress-related disorders. In 
this issue, Dalvie et al. (2021) reviewed SNP-based heritability (h2) of 
stress related disorders based on recent gene-wide association studies 
(GWAS) and their genetic correlation, which confirmed their suspected 
genetic overlap. GWAS also revealed a polygenic architecture, meaning 
that genetic risk results from the interaction of multiple common vari-
ants, spread across the genome, with small effect sizes (Smoller, 2016). 
Each of the mentioned disorders show different, yet sometimes over-
lapping risk loci. Current efforts aim to functionally characterize these 
loci using a variety of post-GWAS approaches and to identify the causal 
variants and genes. The shared genetic effects are possibly key to un-
derstand their high comorbidity. 

Among others, HLA-B was found as a risk locus in the largest multi- 
cohort PTSD GWAS. The human leukocyte antigen (HLA) region is one 
of the most genetically diverse regions of the genome, it regulates im-
mune and inflammatory processes by presenting antigens to T cells 
(Trowsdale and Knight, 2013). Katrinli and Smith (2021) reviewed the 
relationship between HLA and PTSD. At the genetic level, PGC-PTSD 
GWAS found a significant hit located in the HLA-B gene 
(rs142174523) in a subpopulation of male patients with African Amer-
ican ancestry across 12 cohorts (Nievergelt et al., 2019). Expression 
quantitative trait locus (eQTL) analysis found rs142174523 to be 
significantly associated with changes in expression of 16 genes, several 
of which are involved in inflammatory and immune processes. More-
over, PTSD HLA associated alleles cause changes in gene expression 
networks involved in neural activity (Katrinli et al., 2019). At the 
epigenetic and transcriptomic levels, multiple associations have been 
reported and direction is influenced by the nature of trauma (military 
trauma, childhood abuse) and genetic ancestry. 

Finally, GWAS can be used to calculate the polygenic risk scores 
(PRS) in an independent target population (Fullerton and Nurnberger, 
2019; Lewis and Vassos, 2020). These scores may eventually be used as a 
proxy to predict intra-individual differences emerging after stress 
exposure. Dalvie et al. (2021) reviewed the accuracy PRSs of 
stress-related disorders in recent studies of diverse populations. First 
results have been promising, but Dalvie et al. also emphasized the 
importance of studying multiple ancestral backgrounds to increase the 
power and generalizability of the findings. 

3. Interaction of genetic risk, trauma and (endo)phenotypes 

Although the PRS targets the differences in genetic liability to 
develop a stress-related phenotype, the PRS often explains a small 
portion of the phenotypic variance of a stress-related disorder. There-
fore, recent risk models have included the effect of exposure to specific 

traumatic experiences together with PRS to improve predictive ability. 
In this issue, Daskalakis et al. (2021) studied the association between 
genetic risk to stress –modeled by PRS-PTSD– and the exposure to 
environmental stressors to explain variability of preadolescent suici-
dality in a mixed cohort of European and African ancestry subjects. 
PRS-PTSD could significantly explain a small proportion of suicidality 
risk, while 3 environmental stressors (negative life events, family con-
flict and sexual-orientation discrimination) showed moderate to large 
effect sizes. In addition, stressors interacted with genetic risk to explain 
suicidality outcomes. Interestingly, variance on suicidality explained by 
PRS on the subpopulation exposed to sexual-orientation discrimination 
was low and did not reach significance, possibly suggesting that genetic 
effects being less penetrant when the environmental risk is high. 

Other research groups in this Special Issue have studied genetic risk 
of PTSD account by a psychiatric endophenotype [i.e., empathy (Wendt 
et al., 2022)], and shared genetics between two endophenotypes, resil-
ience and well-being (de Vries et al., 2021). Wendt et al. (2022), using a 
multivariate generalized linear model showed that polygenic scores 
(PGS) for empathy explained variability of PTSD symptom severity after 
accounting for multiple psychiatric PRSs. Importantly, this relationship 
was the strongest in the patients who experienced childhood maltreat-
ment. de Vries et al. (2021) investigated the causal relationship between 
resilience and well-being traits. Such traits show high levels of genetic 
and environmental correlations. Causation was analyzed using an 
approach based on Mendelian Randomization (Smith and Ebrahim, 
2003). Their model used the heritability based on twin studies and the 
PGS from GWAS from both endophenotypes to determine the causal 
direction. Results showed significant causal effect from well-being to 
resilience, whereas causal effect on the other direction could not be fully 
studied. Overall, these PRS/PGS based investigations contribute to our 
understanding of the contributions of genetic and environmental risk, 
and the mediation by endophenotypes. 

4. Brain molecular studies of stress-related disorders 

Childhood is a sensitive period of heightened brain plasticity, during 
which external stimuli can lead to changes in the development and 
refinement of neural circuitry to allow adaptation to the environment 
(Nelson and Gabard-Durnam, 2020). Thus, environmental stressors 
during childhood can leave a long-lasting mark that persists into 
adulthood (Heim et al., 2008). Ibrahim et al. (2021) review brain 
epigenetic and gene expression changes induced by childhood abuse 
that alter HPA axis function, myelination and neuron-based signaling. 

Most recent studies of postmortem brains tissues from subjects with a 
history of stress-related disorders focused on the prefrontal cortex (PFC). 
The PFC is of particular interest since changes in connectivity have been 
related with stress-related phenotypes (Holmes et al., 2018), and 
expression of PFC genes have been shown to be altered by genetic risk 
for PTSD (Huckins et al., 2020; Stein et al., 2021), among others. In this 
issue, Logue et al. (2021) found differentially expressed genes (DEGs) in 
the dorsolateral (dl) and ventromedial (vm) PFC of subjects with PTSD. 
These genes play a role in learning and memory, immune regulation, 
and myelination with the immune system gene IL1B identified as an 
upstream regulator of PTSD associated genes. Results showed a partial 
overlap in their transcriptomic signatures of PTSD and MDD. Both 
showed enrichment of immune-related genes, reflecting the complex 
relationship between PTSD and central immune function. The study was 
concordant with Girgenti et al. who performed a transcriptome-wide 
analysis on 4 dorsal PFC subregions (including the dlPFC) of in-
dividuals with PTSD (Girgenti et al., 2021). Zhang et al. (2021) 
emphasized in their review, both PTSD and MDD have a GABAergic 
interneuron transcriptional dysregulation; however, PTSD and MDD 
share few DEGs, suggesting that the dysregulation occurs in different 
subpopulations of GABAergic interneurons. These results reflect the 
heterogeneity in cell population and cell function in the brain and 
suggest that future transcriptomic wide studies using droplet-based 
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single cell genomics to study RNA expression at the single cell and/or 
single nucleus level would be beneficial. 

Psychiatric disorders, including stress-related disorders, show 
accelerated epigenetic age, meaning that their cellular age in blood and 
brain tissue exceeds their chronological age. Wolf et al. (2021) studied 
epigenetic age, based on DNA methylation (Horvath, 2013), and gene 
expression in human postmortem cortical tissue from PTSD and 
alcohol-use disorder (AUD) subjects. Results yielded 11 genes which 
differentially correlated with epigenetic age in cases compared to con-
trols. Genes were enriched for inflammation and immune related pro-
cesses. Glucocorticoid, circadian, and oxidative stress-related genes 
networks were also overrepresented. The authors propose 
anti-inflammatory innervations to mitigate the pace of cellular aging 
and increase resilience to aging as a consequence of stress. 

Meijer et al. (2021) identified the stress-reactive brain regions in 
healthy siblings of patients with schizophrenia (considered as the high 
stress-sensitivity group) and healthy controls that were assessed in an 
fMRI study. Gene expression from the Allen Human Brain Atlas was 
compared in the stress-reactive and stress non-reactive regions. The 201 
DEGs were functionally enriched for neurodevelopment, neurogenesis, 
synaptic signal transmission and glutamate receptor signaling. Inter-
estingly, many of these DEGs overlapped with risk loci for schizophrenia 
found by GWAS, and others are GC targets. 

Finally, Ponomareva and Ressler (2021) showed how sexual dimor-
phism at the genetic, transcriptomic, and gonadal hormone levels 
interact with the severity of environmental exposure to determine the 
impact of stress exposure. Regarding trauma exposure, males and fe-
males have differences on the prevalence of exposure to certain trauma 
types, however these differences have not been directly linked with the 
difference in PTSD prevalence. While some studies have shown sex 
differences in PTSD prevalence after controlling for type of trauma, 
pointing to sex as the driver of differences in PTSD prevalence, others 
point out that environmental exposure (such as history of sexual 
victimization), rather than sex, as the driving factor. At the genetic level, 
females show higher heritability of PTSD in initial PTSD GWAS studies 
(Duncan et al., 2018), and GWAS stratified by sex show differences on 
the discovered significant loci. At the transcription and epigenetic levels, 
stress-induced changes are modulated by sex steroid hormone levels 
(Maddox et al., 2018). One of the genes described is FKBP5 that encodes 
an immunophilin protein that interacts with GR/MR and both the 
androgen and progesterone receptors and might influence estrogen re-
ceptor activity, while at the same time, it has been found to be upre-
gulated only in females with PTSD in PFC subregions (Girgenti et al., 
2021). 

5. Integrative models to improve treatment efficiency 

The presented findings reflect the complexity of the underlying 
molecular etiology of stress-related disorders. However, the complex 
molecular targets of interventions used to treat stress-related disorders is 
less studied. In a study by Cordner et al. (2021), mice were exposed to 
chronic defeat paradigm to induce depressive-like and anxiety-like 
symptoms. Disease phenotypes were rescued after treatment with 
fluoxetine or environmental enrichment. To determine the molecular 
mechanisms that accounted for the stress phenotype and their treat-
ment, gene expression of 168 genes associated with synaptic plasticity 
and oxidative stress in the amygdala of these animals was studied. 
Twenty-four genes were differentially expressed due to stress, with 20 of 
them showing normalization of expression after fluoxetine treatment 
while just 3 were normalized in the enriched environment group. These 
results highlight divergent effects of type of treatment intervention on 
the molecular profiles of brain regions leading to similar behavioral 
outcomes. Thus, there may be multiple pathways to the same endpoint 
and studies, such as this one, suggest that different interventions may be 
considered when developing individualized treatment plans for each 
patient. 

Nasca et al. (2021) sought to identify multidimensional predictors of 
antidepressant treatment response, in pursuit of personalized medicine 
strategies. They studied how the mitochondrial mediator of epigenetic 
function, acetyl-L-carnitine (LAC), which influences epigenetic regula-
tion of histone acetylation (Nasca et al., 2013), predicted treatment 
response of insulin-sensitizing agent pioglitazone together with 
emotional abuse, BMI, sex, and leucocytes telomere length. The authors 
interpret the results as indicating that mitochondrial metabolism of LAC 
acts as a rate limiting substrate on the therapeutic effect of pioglitazone. 

6. Conclusion 

This Special Issue brings together a series of cutting-edge data papers 
and reviews that reflect how the studies of the genetics and epigenetics 
of stress have begun to reveal the complex ways that stress may influ-
ence the physiology and behavior of an individual. The body of litera-
ture included here underscores the need for determining the causal 
mechanisms between (traumatic or chronic) stress and mental health, as 
well as the methodologies needed to untangle this intricate relationship 
between the genome and environmental stress exposure. Meanwhile, 
available treatments are limited, and each patient’s therapeutic 
approach is determined empirically and with little consideration of 
biological criteria, which may account for the alarmingly low treatment 
efficacy. Incorporation and analysis of multi-dimensional data is 
necessary to characterize stress-related disorders at the integrated bio-
logical systems level (Dalvie et al., 2021). Large multi-omic-wide human 
studies are expected to facilitate the identification of mechanistic 
pathways that drive inter-individual differences in mental health out-
comes after stress exposure. Together, these types of studies will facili-
tate attainment of the final goal of this field: to improve and broaden the 
arsenal of effective treatments for complex and heterogeneous mental 
illnesses. 
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