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Post-traumatic Stress Disorder (PTSD) is a complex physical disorder that 

develops in individuals who have experienced severe psychological trauma, major 

physical injury, or life-threatening situations. This syndrome manifests some time 

after the traumatic event and is accompanied by long-lasting psychological effects. 

The main symptoms of PTSD include fear, tension, sleep disturbances and social 

withdrawal. The prevalence of PTSD is significantly higher among military 

personnel. The main reason for this is their frequent exposure to extreme conditions 

such as war, combat operations, perilous situations, explosions, and severe injuries. 

Various studies have shown that 20-30% of individuals returning from war 

experience symptoms of post-traumatic stress disorder [1]. 

This study focuses on the epigenetic regulation of the NR3C1 gene to explore 

its potential as a biomarker for identifying military personnel at risk of PTSD early 

and guiding targeted preventive strategies. For a long time, PTSD was explained 

solely by psychological mechanisms. However, recent molecular and epigenetic 

studies have demonstrated that, in addition to psychological trauma, biological and 

molecular changes also play an essential role in the development of this disorder. 

These changes important affect the activity of the “Hypothalamic-Pituitary-Adrenal” 

(HPA) axis and the expression level and DNA methylation status of the NR3C1 gene, 

which encodes the glucocorticoid receptor (GR), a key component of this axis. 

The HPA axis has a central role in regulating many homeostatic systems in the 

body, including metabolic system, cardiovascular system, immune system, 

reproductive system and central nervous system. The HPA axis integrates physical 

and psychosocial influences in order to allow an organism to adapt effectively to its 

environment, use resources, and optimize survival. In stressful situations, the HPA 

axis becomes activated: the hypothalamus secretes corticotropin-releasing hormone 

(CRH), which stimulates the anterior pituitary to release adrenocorticotropic 

hormone (ACTH). As a result, ACTH activates the adrenal glands, leading to release 

of cortisol into the bloodstream. Cortisol triggers the body’s “fight or flight” 

response and temporarily suppresses the energy-demanding functions of the immune 

system [3]. Cortisol also bind to GR receptors, ensuring the negative feedback 

regulation of the HPA axis and allowing the stress response to be controlled in a 

balanced manner. GR is the main protein receptor that binds cortisol and regulates 

the activity of the HPA axis. However, the main role in this process is played by the 

NR3C1 gene, as it encodes the glucocorticoid receptor (GR). The NR3C1 gene 

(nuclear receptor subfamily 3, group C, member 1) is located on chromosome 5q31-

q32 and comprises nine exons, which encode several transcript variants and isoforms 

of the GR protein. These isoforms differ in their sensitivity to glucocorticoids and in 

their ability to regulate gene transcription in response to hormonal signals. 

Functionally, NR3C1 acts as a ligand-activated transcription factor that binds 



Проблеми інформатизації: The Thirteenth International Scientific and Technical Conference 

67 

glucocorticoid hormones such as cortisol. Upon hormone binding, the GR undergoes 

a conformational change, dissociates from cytoplasmatic chaperone proteins, and 

translocates into the nucleus. Once inside the nucleus, it binds to specific DNA 

sequences known as glucocorticoid response elements (GREs) to regulate the 

transcription of numerous target genes involved in stress response, metabolism, 

immune regulation, and inflammation control. In this way, NR3C1 plays an essential 

role in maintaining homeostasis under both psychological and stress conditions [3]. 

The promoter region of the NR3C1 gene is rich in CpG dinucleotides, making 

it particularly susceptible to epigenetic modifications, such as DNA methylation. 

DNA methylation in CpG islands generally acts as gene-silencing mechanism, 

reducing the accessibility of transcription factors to the promoter region. 

Consequently, hypermethylation of the NR3C1 promoter leads to a decrease in GR 

expression, resulting in impaired feedback inhibition of the HPA axis. This dysregulation 

causes persistent hyperactivity of the stress response system, maintaining elevated 

cortisol levels for prolonged periods [4]. Moreover, emerging evidence suggests that 

these epigenetic modifications are not merely transient but can persist long after the stress 

exposure has ended, contributing to long-term alterations in neural circuity emotion 

regulation and cognitive processing. Some studies even indicate that NR3C1 methylation 

patterns may be transmitted intergenerationally, implying that parental stress or trauma 

can influence offspring stress reactivity via inherited epigenetics marks [5]. Yehuda et 

al. conducted a study on U.S veterans and found hypermethylation of the NR3C1 gene 

in veterans with PTSD this alteration impaired cortisol’s negative feedback regulation, 

leading to a more prolonged and intense stress response [6].  

Rutten et al investigated the epigenetic changes of the glucocorticoid NR3C1 

gene in relation to the development of PTSD among military personnel. In this study, 

blood samples from Dutch soldiers deployed to combat zones were analyzed, 

identifying 17 distinct methylation sites within the NR3C1 gene. These findings 

indicated that stress exposure during military service induces alterations in the 

regulation of the HPA axis [7]. A comparable study was conducted by Vinkers, who 

performed comparative analyses of Dutch soldiers before and after war deployment. 

The study revealed remarkable differences in NR3C1 gene methylation levels, with 

a marked increase hypermethylation, reduced GR expression, and disrupted cortisol 

regulation [8]. In conclusion, the NR3C1 gene may serve as a potential biomarker for 

identifying military personnel at risk for PTSD, enabling targeted preventive strategies 

and early intervention. Compared to standard psychological support, using NR3C1 

gene methylation as a biomarker helps to identify military personnel at risk for PTSD 

in advance, enabling them to be better prepared for stressful operations and allowing 

the implementation of individualized preventive strategies. This approach not only 

reduces the time required for post-deployment rehabilitation but also protects the 

mental health of service members and preserves their career performance. 
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Wound healing is considered a complex biological process of critical 

importance for any living organism on Earth. This process inherently involves stages 

such as the restoration of damaged tissues, ensuring functional integrity, 

inflammation, proliferation, and remodeling. However, in some cases, particularly 

with wounds resulting from severe traumas, this process can be slowed down or lead 

to defective regeneration.  

Personnel serving in the military often face severe and life-threatening 

traumatic injuries such as blast, shrapnel and gunshot wounds during their service. 

The main difference between these wounds and simple cuts is that they are 

accompanied by more dangerous processes such as extensive tissue loss, a high risk 

of infection, and so on. Effective healing of such acute wounds and the functional 

recovery and return to duty of military personnel are of paramount importance. 
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