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The Epigenetics of Stress: 
 

Introduction 

Stress can be defined as emotional or physical tension as a result of external (environmental) or 

internal (thoughts and behaviors) stimuli triggering a set of neural, hormonal, and molecular 

responses in the body.1 In acute situations, stress is a vital driving-force for survival and is beneficial 

to the individual. However, chronic or dysregulated stress is responsible for a variety of mental and 

physical illnesses and can prove deleterious in terms of overall health and well-being.2 Stress 

responses are mediated primarily by the hypothalamic-pituitary-adrenal axis (HPA) originating in the 

brain.3 This is a highly conserved hormonal cascade which results in secretion of glucocorticoids; a 

class of steroid hormones. These hormones are present in almost every vertebrate animal and bind to 

the glucocorticoid receptor in nuclear cells which can induce both changes in transcription 

programmes and epigenetic modifications.3 Recent studies increasingly indicate that excess secretion 

of glucocorticoids can influence genome-wide epigenetic alterations resulting in increased risk of 

anxiety, depression and cognitive decline for both the individual and their offspring.4 This essay will 

discuss the role of epigenetics in stress response throughout the human lifetime and its significance in 

our understanding of stress-related disorders.

 

Prenatal stress and heritability: 

Current understanding of stress response indicates both a genetic and non-genetic origin.2 The 

observance of stressed mothers producing stressed babies has been long-observed and studied.5 

Molecular explanations put forth for this phenomenon involve the impact of transplacental 

glucocorticoids on fetal development. This theory postulates that high levels of stress hormones 

produced by the mother pass to the fetus, affecting normal development of the limbic system in the 

fetal brain and potentially resulting in malfunctioned neurophysiology.6 The HPA axis is highly 

susceptible to programming by glucocorticoids and these effects during embryonic and fetal 

development may impair the HPA ‘braking system’ resulting in production of excess glucocorticoids 

in an unregulated manner.5 This dysregulation system is carried from the hyperaroused womb into 

adulthood and can thus persist throughout an individual’s lifetime.6 A number of clinical studies have 

also linked an adverse prenatal environment to impaired brain growth, neuroendocrine dysfunction 

and psychiatric illness later in life.7 The extent of such long-term effects appear to depend on a 

number of factors such as sex, age and timing of exposure.5,7 In addition, hypersensitive, aversive 

reactions to stress have been widely noted to run in families, often extending across multiple 

generations.8 Reports of relatives predisposed to depression, anxiety and even suicidality indicate a 

genetic anomaly may also contribute to the increased risk.8 To-date, attempts to isolate the genetic 

underpinnings of such increased stress states have resulted in modest success. Polymorphisms of the 

serotonin transporter gene (4-HTTLPR) were postulated to play a role in the heightened susceptibility 

to stress-related illness based on gene-environmental interactions, but such findings proved difficult to 

replicate as many persons without this mutation proved equally sensitive to stress response.9 

Researchers have since begun to look at alternative mechanisms by which both non-heritable and 

heritable factors observed in prenatal stress can be characterized.  

Epigenetic Inheritance of stress response: 
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Epigenetics, an Aristollean term derived from ‘epi’ meaning over and ‘genetics’ referring to the 

genome - encompasses a vast repertoire of biological processes that influence regulation and 

expression of genes without changing the sequence of DNA. It includes DNA methylation, post-

translational histone modifications and changing of higher order chromatin structure within a cell.10 

Such mechanisms not only play a pivotal role in cell differentiation, but also appear to function as an 

important interface between the individual’s genome and the external environment.11 With respect to 

life stress response, the epigenome appears to dynamically respond to external exposure and adapt 

gene function to match the particular surrounding environment.10 Furthermore, increasing evidence 

suggests that specific epigenetic ‘signatures’ can be established and stabilized across an individual’s 

lifespan and even be passed on to future generations, leading to observable genetic patterns and 

phenotypes.11 Transgenerational epigenetic inheritance or epigenetic transfer is “the parent-child 

transmission of information which affects traits of the offspring without alteration of primary 

structure of DNA”.12 This mechanism of nongenetic inheritance has most recently been studied in 

animal models to characterize early life stress and its long-term consequences on the future health and 

well-being of the offspring.11 

 

Experience-dependent epigenetic programming:  

An understanding of such epigenetic mechanisms lies largely in regulation of HPA axis by hormones 

– namely corticotropin-releasing hormone (CRH) and arginine vasopressin (AVP). When a stressful 

experience is encountered in one’s life, signals arise that increase synthesis of these hormones and 

heighten the stress response.3 CRH and AVP are also widely recognized as important mediators in a 

number of neuropsychiatric disorders and are a pharmacological target of many therapies to treat such 

illnesses.5 The molecular mechanisms regulating the HPA axis can be better understood by examining 

the AVP gene and the promotor and regulatory sequences alongside this gene, which determine 

whether it is in an on/off state.13 Epigenetic regulation of this promotor sequence involves 

methylation; the addition of methyl groups to cytosines within the DNA sequence.10 This is catalyzed 

by enzymes called methyltransferases that ultimately control transcriptional activity of the AVP gene. 

Methyltransferases are also tightly controlled by regulatory proteins; in this case an important protein 

appears to be MeCP2. A 2008 study by Zimmermann et al. examined the link between prenatal/early 

life stress (ELS) and epigenetic programming via the MeCP2 protein in animal models.14 It was found 

that models subjected to ELS secreted abnormally high levels of stress hormone with concurrent 

reduced methylation of sequences surrounding the AVP gene. This change in methylation was shown 

to be due to inactivation of the MeCP2 protein. Behavioural changes in these test subjects was also 

observed with test animals in a consistently hyperalert stress state and exhibiting cognitive 

impairment in comparison to control groups.14 While this study is confined to animal models and 

explores only one potential epigenetic mechanism involved, it offers a major discovery for researchers 

in linking a molecular process initiated in early life to observable behavioural experiences in 

adulthood.  Subsequent animal studies linking prenatal and postnatal stress to changes in brain 

development via epigenetic programming (DNA methylation and histone modifications) continue to 

emerge, indicating at least a partial connection between epigenetic changes during this sensitive 

period of development and the emergence of stress-vulnerable phenotypes.15,16 Although such data 

cannot yet be extrapolated directly to human developmental biology, it serves as an important 

signpost in the goal to better understand the molecular basis of stress response.

 

Stress-induced epigenetic changes in adulthood:  

Epigenetic regulation of stress reactivity throughout adult life has also become a growing area of 

interest in the field of molecular neuroscience.10 Emerging evidence increasingly suggests that social 

and stressful experiences across an individual’s lifespan are linked to epigenetic variations and may 

also have transgenerational implications for their offspring.4 Although epigenetic plasticity was first 

postulated to be limited to embryogenesis and early childhood development, it is now apparent that 

the quality of the external environment may also be linked to epigenetic variations though 

adolescence and into adulthood.11 Modification of histone tails and DNA methylation resulting in 

changes in gene expression and changes in phenotype can be attributed to social events and stressors 
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encountered by the individual.4 A 2011 study by Kuzumaki et al. showed that enriching environments 

are associated with increased histone acetylation in the hippocampus and cortex, more specifically of 

BDNF gene promotors, which encode the protein brain-derived neurotrophic factor, responsible for 

the growth of new neurons and synapses in the brain - with a resultant improvement of memory.17 In 

contrast, a chronically stressful environment is shown to reduce expression of the BDNF gene and 

may be linked to increased DNA methylation in the hippocampal area.18 Furthermore, behaviours 

relating to social defeat (losing a confrontation with animals of the same species) such as depression, 

anhedonia and social withdrawal have shown to be pharmacologically reversible using therapies that 

inhibit histone deacetylation.19 It is interesting to note that while the majority of animal subjects 

exposed to hostile environments succumbed to the typical behaviours of social defeat, a small number 

appeared stress-resilient, indicating that epigenetic modifications may also be genotype-specific and 

varying levels of responses to a particular stressor can thus be observed.19 The transgenerational 

impact of such environmentally-induced effects has also been studied with both direct and indirect 

epigenetic inheritance postulated.20 While it has been long-assumed that there is a complete erasure of 

parent epigenome during embryogenesis, researchers have now began to speculate that an epigenetic 

‘memory’ of some form exists within the genome and can be transmitted.20 These groundbreaking 

animal studies, though not directly correlatable, have provided essential insight into the types of genes 

and epigenetic modifications that may impact human stress response and can continue to serve as an 

important tool in broadening our understanding of the underlying molecular pathways involved.

 

Clinical opportunities and future challenges:  

Psychopathologies have been long-established as complex, multifactorial illnesses, involving a 

delicate interplay between both genetic and non-genetic factors.21 Despite broadening knowledge on 

the biological basis of such abnormalities, practitioners still face diagnostic and therapeutic challenges 

in tackling mental disorders.22 While current research highlighting the role of epigenetic mechanisms 

in stress response is still at a fledgling stage, it opens a new window for future clinical application of 

targeting the epigenome in neuropsychiatric systems. The use of methylation changes as diagnostic 

biomarkers for disease phenotype and prediction of patient-specific response to treatment offers hope 

in establishing drug treatment regimens and psychosocial therapy specific to the patient in question.23 

In the flourishing arena of ‘personalised medicine’, these developments provide a promising horizon 

in predicting, preventing and ameliorating stress-related disorders, particularly in vulnerable patient 

groups.24 The use of epigenetic-targeted pharmacotherapy such as DNA methyltransferase inhibitors 

and histone deacetylase inhibitors, although at a preliminary experimental phase of development, 

offers the possibility to alter and correct epigenetic mechanisms related to stress response using 

pharmacological dosage forms.23 However, a number of safety challenges must be first overcome in 

relation to global effects of such agents on the epigenome as well as risks of neurotoxicity, prior to 

their approval and clinical use.24 Knowledge of environments that favour a well-regulated epigenome 

can also aid in our approach to mitigating the long-term impact of stress on individuals and their 

offspring.23 Awareness of critical time points in an individual’s life where the epigenome exhibits 

heightened plasticity such as prenatal, early postnatal and advancing age are particularly important 

and treating the patients vulnerable to stress with enriched, supportive environments may prove 

invaluable in reducing epigenetic ‘scars’ and preventing related pathologies.10 Overall, the growing 

knowledge of epigenetics in the molecular and cellular mechanisms underpinning the stress response 

appears vital in integrating scientific data into the clinical perspective of stress-related illness. 

 

Conclusion: 

In the modern world, high levels of psychosocial stress and its associated socio-economic burden 

have appeared to become the norm. A 2014 report published by Lancet, indicated that over 13.5 

million working days were lost to stress and stress-related illness in the UK alone.25 While rapidly 

advancing societies generally experience less stress due to physical danger, food shortages and 

untreatable disease than our predecessors, it appears we are exposed to increased psychological 

stressors relating to social pressure, communication technologies and fast-paced lifestyles.25 For many 

decades, the process of stress response and impact of stress disorders have been well-described but 
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poorly understood on a molecular level.2 Recent data put forth on the connection between epigenetic 

modifications and disruption in stress-response mechanisms have far-reaching implications and 

encouraging future prospects on how we can interpret, diagnose and treat illness related to stress and 

promote resilient responses using this understanding. Key findings of this research to-date highlight 

the need to focus on critical time periods of prenatal and early life to promote an enriched 

environment that minimizes epigenetic alterations and thereby mitigates their potentially pathological 

implications.10 Furthermore, the goal of developing pharmacotherapeutic interventions and diagnostic 

tools using the epigenome as a target in treating stress disorders has provided researchers with new 

frontiers in approaching modern neuropsychiatry as a whole.23 While many safety barriers to these 

intriguing clinical possibilities still remain and current findings have yet to be replicated in human 

studies, the insights acquired into the epigenetics of stress appears a major landmark in the 

advancement of modern neurobiology.



 5 

References: 

 

1. Kagamimori, S. Wang, H. (2004). Psychosocial stressors in inter-human relationships and 

health at each life stage: A review. Environmental Health and Preventative Medicine. 9 

(3), 73-86. 

 

2. Hunter R, Gagnidze K, McEwen B, Pfaff D. (2015). PNAS Neuroscience. Stress and the 

dynamic genome: Steroids, epigenetics, and the transposome. 112 (12), 6828-6833. 

 

3. Herman J, McKleeven J, Ghosal S, Kopp B, Wilson A, Makinson R, Schiermann J, 

Myers B. (2016). Regulation of the hypothalamic-pituitary-adrenocortical stress 

response. Comprehensive Physiology. 6 (2), 603-621. 

 

4. Gudsnuk K, Champagne F. (2012). Epigenetic Influence of Stress and the Social 

Environment. ILAR. 53 (4), 279-288. 

 

5. Cottrell E, Secki J. (2009). Prenatal Stress, Glucocorticoids and the Programming of 

Adult Disease. Frontiers in Behavioural Neuroscience. 19 (3), 38-41. 

 

6. Moisiadis V, Matthews S. (2014). Glucocorticoids and fetal programming part 1: 

Outcomes. Nature Reviews Endocrinology. 10 (7), 391-401. 

 

7. Morgan C, Bale T. (2012). Early prenatal stress epigenetically programs 

dysmasculinization in second-generation offspring via the paternal lineage. Journal of 

Neuroscience. 31 (33), 11748-11755. 

 

8. Seong K, Maekawa T, Ischii S. (2012). Inheritance and memory of stress-induced 

epigenome change: roles played by the ATF-2 family of transcription factors. Genes to 

Cells. 17 (4), 249-263. 

 

9. Frodi T, Reinhold E, Koutsouleris N, Donohoe G, Bondy B, Reiser M, Möller H, 

Meinsenzahl E. (2010). Childhood Stress, Serotonin Transporter Gene and Brain 

Structures in Major Depression. Neuropsychopharmacology. 35 (6), 1383-1390. 

 

10. Zannas A, Chrousos G. (2017). Epigenetic programming by stress and glucocorticoids 

along the human lifespan. Nature Molecular Psychiatry. 22 (12), 640-646. 

 

11. Park C, Rosenblat JD, Brietzke E, Pan Z, Lee Y, Cao B, Zuckerman H, Kalantarova A, 

McIntyre R. (2019). Stress, epigenetics and depression: A systematic 

review.. Neuroscience & Biobehavioural Reviews. 11 (7), 139-152. 

 

12. Hu L, Xiao P, Jiang Y, Dong M, Chen Z, Li H, Hu Z, Lei A, Wang J. (2018). 

Transgenerational Epigenetic Inheritance Under Environmental Stress by Genome-Wide 

DNA Methylation Profiling in Cyanobacterium.. Frontiers in Microbiology. 4 (9), 147-

149. 

 

13. Murgatroyd C, Spengler D. (2012). Genetic variation in the epigenetic machinery and 

mental health. Current Psychiatry Reports. 14 (2), 138-149. 

 

14. Zimmermann C, Hoffmann A, Raabe F, Spengler D. (2015). Role of Mecp2 in 

Experience-Dependent Epigenetic Programming. Genes to Cells . 6 (1), 60-86. 

15. Nan X., Hou J., Maclean A., Nasir J., Lafuente M.J., Shu X., Kriaucionis S., Bird A. 

(2017). Interaction between chromatin proteins MECP2 and ATRX is disrupted by 

mutations that cause inherited mental retardation.. PNAS. 104 (2), 709-717. 



 6 

 

16. Fabrizio P, Garvis S, Palladino F. (2019). Histone Methylation and Memory of 

Environmental Stress. Cells. 8 (4), 339. 

 

17. Kuzumaki N, Ikegami D, Tamura R, Hareyama N, Imai S, Narita M, Torigoe K, Niikura 

K, Takeshima H, Ando T, Igarashi K, Kanno J, Ushijima T, Suzuki T, Narita M.. (2011). 

Hippocampal epigenetic modification at the brain-derived neurotrophic factor gene 

induced by an enriched environment.. Hippocampus. 21 (2), 127-132. 

 

18. Murinova J, Hlavacova N, Chmelova M, Riecansky I. (2017). The Evidence for Altered 

BDNF Expression in the Brain of Rats Reared or Housed in Social Isolation: A 

Systematic Review. Frontiers in Behavioural Neuroscience. 11 (1), 101-114. 

 

19. Hollis F, Duclot F, Gunjan A, Kabbaj M . (2011). Individual differences in the effect of 

social defeat on anhedonia and histone acetylation in the rat hippocampus. Hormones and 

Behaviour. 59 (3), 331-337. 

 

20. Horsthemke B. (2018). A critical view on transgenerational epigenetic inheritance in 

humans. Nature Communications. 103 (8), 417-422. 

 

21. Sanders J, Nemeroff C. (2016). The CRF System as a Therapeutic Target for 

Neuropsychiatric Disorders. Trends in Pharmacological Sciences. 37 (12), 1045-1054. 

 

22. Ledford H. (2014). Medical research: if depression were cancer. Nature . 13 (515), 515-

521. 

 

23. Kular L. (2018). Epigenetics applied to psychiatry: Clinical opportunities and future 

challenges. Psychiatry and Clinical Neuroscience. 8 (3), 126-134. 

 

24. Jackson M. (2014). The stress of life: a modern complaint?. Lancet. 383 (9914), 300-301. 

 

25. Slavich G. (2016). Life Stress and Health: A Review of Conceptual Issues and Recent 

Findings. Teaching of Psychology. 43 (4), 346-355. 

 


