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Abstract
Early life stress (ELS), characterized as abuse, neglect, and abandonment, can cause several adverse consequences in the lives 
of affected individuals. ELS experiences can affect an individual’s development in variable ways, persisting in the long term 
and promoting lasting impacts, considering that early exposure to stressors can be biologically incorporated, as prolonged 
stimulation of stress response systems affects the development of the brain structure and other body systems, increasing the 
risk of diseases associated with stress and cognitive impairment. This type of stress increases the risk of developing major 
depressive disorder (MDD) in a severe form that does not respond adequately to traditional antidepressant treatments. Sev-
eral alterations are studied as mechanisms that relate ELS with MDD, such as epigenetic alterations, neurotransmitters, and 
neuronal signaling. This review discusses research that brings evidence about the ELS mechanisms involved in synaptic 
impairments and MDD. The processes involved in epigenetic changes and the HPA axis are highlighted, as well as changes 
in neurotransmitters and neuronal signaling mechanisms.
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Introduction

The early years of life represent a period of considerable 
influence on mental health. While a childhood in an envi-
ronment portrayed by care, learning, and support tends to 
be protective, on the contrary, experiencing adverse child-
hood experiences leads to an increased risk of experiencing 
mental health problems [1].

Stress in childhood can be triggered by different negative 
experiences, such as maltreatment, exposure to domestic 
violence [2], trauma from emotional, physical, emotional 
and sexual abuse, neglect [3], among others. Early exposure 
to stressful experiences such as these may be biologically 
incorporated, as prolonged stimulation of stress response 
systems affects the development of brain structure and other 

body systems, increasing the risk of stress-associated dis-
eases and cognitive impairment [4].

A meta-analysis that included 37 studies and a total of 
253,719 participants found that having multiple adverse 
childhood experiences, in addition to being a significant 
risk factor for the development of diseases, is strongly asso-
ciated with posing a risk for the next generation, such as 
diseases. Mental disorders, violence, and substance use, sug-
gest intergenerational effects [2]. Studies have already shown 
that experiencing stressful adversities in the early years is 
strongly linked to the development of psychiatric psycho-
pathologies, such as major depressive disorder (MDD), and 
other health aggravating factors [5–8].

The multifactorial origin of depression is still little 
known. The impact it causes on individuals and, sometimes, 
the resistance to pharmacological treatments have led sci-
entific research to investigate possible variables potentially 
associated with the development, severity, and outcomes of 
the condition, which is relevant to providing more assertive 
subsidies for therapeutic interventions. This article aims to 
gather relevant scientific evidence on epigenetic changes 
in neurotransmitters and neuronal signaling mechanisms 
related to ELS associated with MDD, discussing the ways in 
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which stress in childhood can affect individual development, 
persisting in the long term and causing lasting impacts.

Early Life Stress and Major Depressive 
Disorder

Studies suggest that adverse childhood experiences may have 
repercussions as predictors of neuropsychiatric disorders [9]. 
There are multiple types of stressors in childhood, and scien-
tific literature points to an association of physical and sexual 
abuse with anxiety disorders, post-traumatic stress disorder, 
and personality disorders, as well as an association between 
emotional abuse and MDD and suicidal ideation [10].

In this sense, traumatic and, consequently, stressful expe-
riences in early life are considered risk factors for developing 
emotional and behavioral disorders that can be transgenera-
tional [11]. A study with mice exposed to maternal sepa-
ration demonstrated consequences such as depressive-like 
behaviors and epigenetic changes, such as DNA methylation 
in the lineage, and these characteristics have the potential to 
be transmitted through generations [12].

Depression is one of the most prevalent mental disorders, 
affecting around 4.4% of the world population and is respon-
sible for disabling years of life, about 7.5% of the global 
index [13]. In addition to the high and increasing incidence 
over the years, anxiety and depression disorders increased 
the estimate in the population by about 25% in the first year 
of the COVID-19 pandemic [1].

MDD is characterized mainly by a persistent picture of 
sadness or loss of interest in previously pleasurable activities 
and causes significant impairment in the individual’s func-
tioning. It has a multifactorial etiology, with a combination 
of biological, psychological, and social aspects [14], and, 
in many cases, people with MDD do not respond well to 
therapeutic measures [15].

The severity and increase in the percentage of people 
affected by MDD make longitudinal research relevant, such 
as a cohort study that followed for 10 years of 1351 people 
diagnosed with depression and found that different types of 
childhood maltreatment and stressful life events anticipated 
a depressive condition, providing evidence to support the 
impact of early and long-term psychosocial stressors in the 
development of depression [16].

Adverse childhood experiences such as abuse and neglect 
and other risk factors, such as discrimination, were associ-
ated with greater chances of developing a major depressive 
episode in individuals, according to a survey of 6081 black 
adults in the USA [17].

In the same way, a retrospective cohort study with 56,082 
individuals identified a relationship between child maltreat-
ment and mental disorders. Participants more exposed 
to types of abuse showed a higher risk of having mental 

disorders, and those who drank heavily or had few social 
connections showed a stronger association. Abuse and 
neglect were strongly associated with long-term mental 
disorders [18].

Greater severity, earlier age at first diagnosis, comorbid 
anxiety, post-traumatic stress disorder, poorer quality of 
life, and suicidal ideation were associated with childhood 
adversity and adult MDD [19]. A survey of 1084 patients 
with MDD identified that experiencing stress in childhood 
makes them more sensitive to the possibility of experiencing 
stressful events in adulthood, with the subject being more 
vulnerable to the development of psychiatric disorders and, 
when experiencing adversities in early life and adulthood, 
there is an association with higher rates of suicide ideation 
[6]. Another study found that high levels of traumatic expe-
riences in the early years were identified in patients with 
MDD when they also had more significant suicide attempts 
and deliberate self-harm behavior [3].

MDD patients who had been maltreated in childhood had 
impaired recognition of facial emotions and altered function-
ing in frontostriatal circuits associated with reward in emo-
tion recognition tasks and mood-regulating systems. Thus, 
experiencing maladaptive stressful and socio-emotional 
processes in childhood may indicate a risk for developing 
psychopathologies with even more damage at the nervous 
system level [5].

Predicting the response to antidepressant therapy in indi-
viduals with MDD was the objective of a randomized study, 
which identified that abuse occurring at ages 4 and 7 pre-
sented worse results in antidepressant treatment with sertra-
line. In addition, the study pointed out that the greater the 
exposure to trauma, the lower the probability of a remission 
response to antidepressant therapy, suggesting the impor-
tance of investigating the patient’s history of childhood 
trauma that may require therapeutic intervention comple-
mentary to antidepressants to address specifically the impact 
of experienced traumas [20].

Research shows that ELS, in combination with the poly-
morphism of brain-derived neurotrophic factor (BDNF), a 
factor involved in neuroplasticity, and 5-hydroxytryptamine 
transporter (5-HTT), a serotonin transporter, contribute to 
the risk of developing non-melancholic depression [21].

According to the literature, the recognition of the con-
nection between the central nervous system (CNS) and the 
immune system has already been established [22], in which, 
for the release of inflammatory cytokines through stressors, 
it is necessary to stimulate cells of the central and periph-
eral nervous system, so that they are activated, allowing the 
release. The primary immune cells of the CNS are known 
as microglia, which act as inflammatory response cells in 
the CNS through the secretion of inflammatory cytokines 
and chemokines [23]. In addition, microglia can produce 
several substances, including reactive oxygen and nitrogen 
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species [24] that, when they go into imbalance, characterize 
oxidative stress, an extremely harmful process to cells and 
tissues and intrinsically linked to the triggering of inflam-
matory processes [25].

Although cytokines play a fundamental role in the nerv-
ous system, where they are of paramount importance for the 
optimal functioning of the brain, their constant exposure can 
cause recognized brain changes in triggering MDD. Studies 
indicate the increase of these cytokines in the cerebrospinal 
fluid of depressed individuals [24].

There is already evidence regarding the relationship 
between inflammatory processes and MDD through the anal-
ysis of biological markers of depression, where it is possible 
to find the presence of inflammatory markers [26]. In addi-
tion to the cytokines themselves being inflammatory mark-
ers of MDD, interleukin-6 (IL-6) stimulate another marker 
commonly expressed in the brain during the MDD process, 
such as C-reactive protein (CRP) [27, 28].

Exposure to trauma in childhood-age individuals can 
cause different types of inflammation in response to the 
stress generated, resulting in other biological markers [29], 
mainly IL-6 and CRP, which were detected at high levels 
in children exposed to stress [27]. Although the etiology 
of depression is very heterogeneous and uncertain, recent 
studies indicate a correlation between these markers in child-
hood and MDD [30], and in addition to being linked with 
the development of MDD, there are indications that IL-6 can 
also affect the severity level of MDD [31, 32].

IL-6 is not only related to changes at the cellular level 
but also, according to research carried out by Kakeda et al. 
[33], to morphological changes in the brain of depressed 
individuals. Another study by Chamberlain et al. [34] relates 
treatment-resistant depression with the significant increase 
in CRP. The same research suggests the presence of a more 
considerable amount of CRP in cases of severe depression.

Furthermore, there is the possibility that different types 
of adverse situations in childhood influence the onset and 
intervals of MDD throughout life, which are correlated with 
the levels of biomarkers such as IL-6 and CRP, which are 
higher in patients who have suffered abuse than in patients 
who have gone through other traumatic experiences [35]. 
Therefore, the inflammatory pattern may be influenced and 
altered according to the trauma experienced, and the levels 
of IL-6 and CRP observed in these individuals and, conse-
quently, in the developed MDD [35].

Some studies point to a correlation between IL-6 and the 
time to develop MDD. However, more precise and conclu-
sive studies are needed to deal with the possibilities pre-
sented, making it necessary to carry out more studies on the 
subject [35].

Studies suggest that the activation of emotional nuclei 
involved in stress can affect other body systems, especially 
the cardiovascular system, leading to various diseases. In 

addition to aggravating myocardial ischemia–reperfusion 
injury, severe stress is associated with a greater risk of 
developing cardiovascular diseases, such as hypertension, 
heart disease, and stroke. Prolonged exposure to stress hor-
mones can damage blood vessels, leading to atherosclerosis 
or restricting blood flow to the heart and brain. Stress can 
also contribute to unhealthy behaviors such as overeating, 
smoking, and alcohol abuse, further increasing the risk of 
cardiovascular problems [36, 37].

Taking into account the relationship between stress, 
inflammation, and MDD, it is important to understand that 
stressors in early life can induce the development of MDD 
where the stressor trauma leads to the induction of produc-
tion of inflammatory cytokines, CRP, and reactive oxygen 
and nitrogen species that result in the triggering of inflam-
matory processes widely studied by individuals with MDD.

Early Life Stress, Epigenetics, and Major 
Depressive Disorder

Stress-induced epigenetic alterations in depressed individu-
als are noted, where alterations in DNA methylation, his-
tones, and non-coding RNAs are found [38]. In epigenetic 
research, it has been studied how genetic interactions with 
the environment can interfere with the phenotype of indi-
viduals from childhood stress and the consequences for adult 
life [39]. DNA methylation is a change in gene expression 
without a difference in the sequence of the DNA nucleotide 
chain. The process involves adding a methyl group to CpG 
islands in gene promoters [40]. Excessive DNA methyla-
tion can inhibit transcription and reduce gene expression 
[41], implying reduced function of the respective gene. This 
modification is influenced by stress and can trigger or pro-
pitiate MDD [42]. In addition to raising levels of markers 
and inflammatory processes, childhood trauma is associated 
with epigenetic changes, such as increased DNA methylation 
and increased risk of MDD [42]. Other epigenetic variations 
associated with childhood trauma include histone modifica-
tion, upregulation of multiple exon one transcripts, and DNA 
hypermethylation of exon 1F [43].

The hypothalamic–pituitary–adrenal (HPA) axis, the 
primary stress response system, is closely associated with 
MDD, a relationship supported by multiple studies [44–46]. 
Epigenetic changes triggered by stress can precipitate 
changes in the HPA axis, affecting the response of these 
individuals to external stressors. In patients who suffered 
childhood sexual abuse and maltreatment, an increase in 
hypermethylation of the glucocorticoid receptor gene, 
nuclear receptor subfamily 3, group C, member 1 gene 
(NR3C1) responsible for controlling endocrine responses 
(HPA axis) to stress was observed. Alteration of this pro-
moter has also been identified in suicidal individuals and 
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those with borderline personality disorder [43, 47]. These 
epigenetic changes can define neuropsychiatric disorders’ 
severity, duration, and treatment [48].

The NR3C1 gene is located on chromosome 5q31-q32. 
It contains eight coding exons (exons 2 to 9) [49] and seven 
first non-coding alternative exons (1D, 1 J, 1E, 1B, 1F, 1C, 
and 1H) found within the GpG island [50] and three splice 
variants with different functions (GRalpha, GRbeta, and 
GR-P). Studies in rats utilize the rodent exon 17 promoter, 
corresponding to human exon 1F [49]. In MDD, NR3C1 
is decreased, and its 1F exon is methylated [51]. In addi-
tion, total messenger RNA of human glucocorticoid recep-
tor (hGR) expression is decreased in the hippocampus in 
suicidal individuals [50]. In vivo research with rats found 
that decreased maternal care may increase methylation at 
the CpG site of NR3C1, at exon 17, and decrease binding to 
nerve growth factor I-A (NGFI-A) [51].

In the hippocampus postmortem of suicidal individuals 
who had experienced childhood abuse, exons 1B, 1C, and 
1H are decreased compared to non-abused suicidal individu-
als and controls. Besides, the hGR messenger RNA nega-
tively correlates with exons 1B and 1C methylation [50].

A postmortem brain study of children between 1 and 
4 years of age found that severe childhood physical abuse 
was associated with increased DNA methylation in the 
NGFI-A binding region of the 1F promoter of NR3C1 in 
hippocampal pyramidal cells. However, in the same series 
of studies, no DNA methylation was observed in the brains 
of children who suffered childhood stress, possibly less trau-
matic than severe physical abuse. Thus, a possible explana-
tion is that the period between the stress suffered in child-
hood and the child’s death was not enough time to trigger 
sustained epigenetic changes [52].

Other genes are also studied as they are altered when 
childhood adversity happens. F506 binding protein 5 
(FKBP5), a mediator of GR binding by glucocorticoids, is 
increased in individuals who presented suicidal idealization 
of childhood adversities through demethylation in intron 7 
that induces positive feedback to the HPA axis, increasing its 
potential [39]. The FKBP5 gene encodes the FKPB51 pro-
tein, an immunophilin being investigated as a target in gluco-
corticoid resistance. The protein appears to play an essential 
role in glucocorticoid resistance mechanisms [53]. It is one 
of the components of a cytoplasmic multiprotein complex, 
which retains the glucocorticoid receptor (GR) in the cyto-
plasm. The protein complex, including FKBP51, also pro-
vides a high GR affinity for glucocorticoids [54]. However, 
when the glucocorticoid hormone binds to the receptor on 
the protein complex, the FKBP51 is replaced by the FKBP52 
immunophilin (FKBP4 gene), which allows the transloca-
tion of the receptor to the nucleus, where the hormone will 
carry out its functions of transcription [55, 56]. Both immu-
nophilins compete for the binding site of the complex, but 

FKBP52 has a higher affinity when the glucocorticoid is 
bound to the GR. The activated GR acts in the nucleus as a 
transcription factor for FKBP5, among other genes, increas-
ing the release of FKBP51 in cells, which makes it possi-
ble to increase its competitiveness with FKBP52. Thus, an 
increased release of glucocorticoids during stressful periods 
may increase FKBP51 levels and thus prevent the GR from 
being transported to the nucleus, hindering the action of 
glucocorticoids in other functions, such as negative feedback 
on the HPA axis [57] (Fig. 1).

Some researchers studied the correlation of attachment 
in adults with the OXTR promoter region that encodes the 
human oxytocin receptor for hormone signaling and the 
NR3C1. There was evidence of the correlation between gene 
methylation and affective dysregulation. Attachment avoid-
ance was evident in patients with hypermethylation of the 
OXTR promoter [40]. The same happened with the NR3C1 
gene, which was hypermethylated in individuals with high 
attachment avoidance. Given the significant action of this 
gene for the functionality of negative feedback on the HPA 
axis, when hypermethylated, it can deregulate the function-
ing of emotions and stress. Thus, the article reflects that 
these individuals with decreased emotions and increased 
stress are reluctant to avoid social contact and attachment 
as they do not have the physiological capacity to withstand 
stressful events [40].

Inflammatory genes in the amygdala brain region were 
increased in childhood-abused individuals. IFNy was ana-
lyzed in the amygdala of humans in a genetics imaging 
study in individuals who went through traumatic situations 
in childhood. The genetic expressions of interferons variant 
rs1861494, rs2069718, and rs2430561 were analyzed. The 
latter was associated with damage-prevention behaviors. The 
research identified that only the genetic variant rs1861494 
correlated with ELS. In addition, a strong relationship was 
found between the rs1861494 genotype and ELS, culminat-
ing in amygdala reactivity to negative emotional stimuli, 
which is associated with reduced IFNy, compared to the 
primary allele without alteration by ELS. Therefore, gene 
alteration can interfere with its transcription and, thus, cause 
depletion in serotonergic and noradrenergic transmission 
from changes in IFNy [58].

Other research studied the methylation of genes related to 
inflammation and panic disorder (PD), which also correlates 
with MDD. The study did not show a significant difference 
in the hypermethylation of inflammatory cytokine genes 
between patients with PD and the control group. However, 
it concludes that, according to the more severe PD level, 
more methylation is present in the inflammatory genes IL-4, 
indicating that inflammatory genes can be altered in mood 
disorders [41].

Methylation was also increased in genes linked to neu-
ronal growth and development, such as the BDNF gene, 
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responsible for encoding the protein responsible for neu-
ral growth, differentiation, and plasticity. According to 
Kowiański et al. [59], BDNF significantly interferes with 
neural and glial development, neuroprotection, and syn-
apses. Synapses are responsible for transmitting information 
quickly from one neuron to another, and studies propose the 
idea that trans-synaptic cell adhesion molecules organize 
synapses (CAMs) encoded in frequently described genes in 
neuropsychiatric disorders [60].

Given its importance and connection with MDD, some 
studies have linked DNA methylation with decreased BDNF 
expression. Research on adult rats that underwent mater-
nal maltreatment in the puerperium and childhood reduced 
the BDNF expression gene in the prefrontal cortex. The 
mouse exon III region (human IV) was evaluated, and it 
was identified that after methylation in childhood, the BDNF 
gene decreased in adulthood, as well as restored with the 

treatment of a compound that inhibits DNA methylation, 
which culminated in the mistreatment of their descendants 
with their children [61]. One example may be individuals 
with MDD, whereas studies have shown that BDNF cor-
relates with depressive disorders [48].

Although BDNF has several exons, there is a more sig-
nificant relationship between exon I and exon IV in stressful 
and depressive processes, where exon I has high levels of 
methylation of its promoter while a reduction in exon IV 
promoter methylation occurs. The link between BDNF and 
stress lies in the systems on which the two act in stress-
associated and reward-associated systems. Feelings similar 
to depression can affect the expression of BDNF transcripts, 
decreasing the amount of BDNF in different brain regions 
[61].

Changes in histone structure can also be observed in 
individuals who have experienced childhood stress, along 

Fig. 1   GR activation in the cytoplasm of individuals with and with-
out MDD. In the cytoplasm, FKBP51 is associated with the GR and 
retains the receptor in the cytoplasm, preventing its translocation to 
the nucleus and, therefore, the transcriptional function of the gluco-
corticoid. On the other hand, FKBP52 competes with FKBP51 for the 
binding site on the protein complex, and when the hormone binds to 
the GR, FKBP52 replaces FKBP51, allowing the receptor to be trans-
ported to the nucleus and carries out its transcription functions. In 

MDD with hyperactivation of the HPA axis and large amounts of cir-
culating glucocorticoids, there is an increase in FKBP51 levels and, 
therefore, less coupling with FKBP52. Thus, there is a reduction in 
the sensitivity to its ligands, affecting the action of glucocorticoids 
and the negative feedback on the HPA axis. FKBP51, 51 kDa FK506 
binding protein; FKBP52, 52 kDa FK506 binding protein; GR, glu-
cocorticoid receptor; HPA, hypothalamus–pituitary–adrenal; MDD, 
major depressive disorder
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with alterations in other gene expressions such as CpG 
sites of arginine vasopressin, the precursor of adrenocor-
ticotropic hormone, methylation of metabotropic and iono-
tropic subunits of glutamate receptors, methylation of the 
serotonin transporter gene. It is also linked with factors 
such as sex, type of stressor, tissue-specific genetic cell, 
time, and type of childhood distress [39]. Thus, it is evi-
denced and proven that epigenetic modulation may have an 
essential relationship with traumatic situations that occur 
in childhood, which may affect gene expressions involved 
in inflammation and depression (Fig. 2).

In future studies, it is essential to focus on more 
advanced methods to improve the understanding of this 
complex condition and its relationship with genetic and 
epigenetic changes, using, for example, genome-wide 
association studies (GWAS). The absence of genes such 
as FKBP5, BDNF, and OXTR in large-scale studies such 
as GWAS highlights the need to re-evaluate the validity of 
these markers in future studies. Incorporating these find-
ings into new research improves the accuracy of results 
and helps lay a solid foundation for more effective inter-
ventions and treatments for depression [62].

Early Life Stress, Neurotransmitter, 
and Major Depressive Disorder

Adults who experience childhood maltreatment have more 
significant cognitive deficits in acute depression, less treat-
ment-associated cognitive improvements, and poorer cog-
nitive performance in remission. A multicenter survey of 
individuals diagnosed with MDD who received 16 weeks of 
standardized antidepressant treatment identified that child-
hood maltreatment is associated with cognitive deficits that 
can become more severe and persistent in adults with MDD 
[63].

Neurotransmitters released and functioning balanced 
provide the proper functioning of neuronal circuits. Neu-
rotransmitter levels decline with age increasing the risk of 
MDD [64]. Among the therapeutic strategies, the practice of 
physical exercises increases circulating neurotransmitters in 
the CNS and, consequently, a reduction in depressive symp-
toms and an improvement in quality of life with advancing 
age [65].

The paraventricular nucleus of the hypothalamus is 
responsible, among other functions, for regulating the 
neuroendocrine stress response, a process mediated by the 

Fig. 2   Early life stress and epigenetic modulation. According to the 
trauma involved in childhood, changes are identified in adults. The 
hippocampus has methylation and a decrease in the hCR receptor. In 
the amygdala, there is an increase in inflammation from alterations 
in the Interferon y (IFNy) rs1861494 gene. The increase in methyla-

tion also affects the OXTR promoter genes in exon 1F of the nuclear 
receptor subfamily 3, group C, member 1 gene (NR3C1) gene and 
exon I of the brain-derived neurotrophic factor (BDNF) gene, and a 
decrease in its exon IV
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corticotropin-releasing factor (CRF) present in high con-
centrations at the site. CRF has neurotransmitter potential in 
the cortico-limbic pathways related to fear and anxiety, and 
its concentrations are elevated in individuals with untreated 
MDD [66, 67]. ELS is related to altered CRF function, caus-
ing persistent neurodevelopmental changes in adults [68]. 
Negative feedback inhibition to the HPA axis causes ele-
vated CRF levels in MDD. The axis is stimulated in response 
to stress and releases cortisol, activating specific receptors 
responsible for negative feedback signals. Depression inter-
feres with this mechanism and thus causes an increase in 
CRF and cortisol levels, generating an imbalance in the 
stress response system [69].

The disruption of hormones, apart from causing MDD, 
can give rise to various other personality and behavioral dis-
orders. According to studies, ELS implies dysfunction in 
learning and memory and the manifestation of aggressive 
behaviors [12]. Similarly, cortisol hypersecretion is associ-
ated with mental disorders such as psychosis in MDD and 
memory alteration. This is comparable to the fact that indi-
viduals with schizophrenia have higher cortisol levels, which 
are also linked to increased delusions [69]. Consequently, 
dysregulation of the HPA axis exacerbates the severity 
of MDD, with individuals potentially displaying not only 
depressive symptoms but also aggressive behaviors, cogni-
tive dysfunction, and psychoses.

Consequences of this HPA axis dysfunction resulting 
from ELS may also be related to patients with chronic pain. 
While chronic stress generates axis dysfunction, it can 
result in chronically elevated CRH levels and heightened 
pain responses, evidenced in patients with fibromyalgia, 
chronic back pain, and rheumatoid arthritis [70]. Based on 
the fact that patients with fibromyalgia present depressive 
symptoms, in addition to being correlated with inflammatory 
factors and neurotransmitters (dopamine, serotonin, and opi-
oids) [71], patients who have suffered ELS may be willing to 
present fibromyalgia and, consequently, MDD.

ELS is related to genetic variants that result in poor anti-
depressant response [72]. A survey identified that ELS is 
associated with a polymorphism in the solute carrier family 
6 member 2 (SLC6A2) gene, which encodes the sodium-
dependent noradrenaline transporter of the noradrenaline 
transporter (NET), which negatively influences the response 
of individuals to antidepressant treatment, decreasing their 
response to traditional antidepressants. The SLC6A2 gene 
is a human gene that encodes the NET. The NET protein 
regulates the amount of noradrenaline available at the neural 
synapse, removing the noradrenaline released from the syn-
apse and returning it to the nerve cells. However, the mecha-
nism by which the NET gene's polymorphism negatively 
affects individuals’ response to antidepressant therapies is 
poorly understood. Therefore, more research is needed [73]. 
Studies also demonstrate a correlation between the serotonin 

transporter gene (SLC6A4) methylation and chronic pain in 
individuals who have suffered ELS [70].

Another study analyzed the expression of the ELS-related 
SLC6A2 gene from epigenetic alterations, which may con-
tribute to the development of stress-related psychiatric dis-
orders, such as post-traumatic stress disorder, schizophre-
nia, anxiety, and MDD. It has been identified that exposure 
to childhood trauma is associated with increased promoter 
methylation of the SLC6A2 gene, which in turn results in 
a decrease in gene expression and the amount of NET pro-
tein. This can negatively affect noradrenaline regulation and 
contribute to developing stress-related psychiatric disorders 
such as depression [74].

Another genetic polymorphism in adults who suffered 
childhood stress involves the single nucleotide rs2171363 
of the tryptophan hydroxylase 2 (TPH2) gene, also related 
to MDD unresponsive to classical antidepressants. TPH2 is 
a rate-limiting enzyme of serotonin, and its levels are inad-
equate in depression and are associated with a poor response 
to antidepressants. Xu et al. [75] identified that the presence 
of ELS potentiates changes in the TPH2 enzyme from epi-
genetic changes that influence its gene transcription.

The serotonergic system influences the microbiome-gut-
brain axis on male germ-free animals exposed to ELS. These 
animals have high levels of 5-hydroxytryptamine (5-HT) and 
5-hydroxy indole acetic acid (5-HIAA) (its main metabolite) 
in the hippocampus compared to control animals. They have 
higher tryptophan concentrations, a serotonin precursor, in 
the plasma. The results indicate that an alteration of the 
intestinal flora from the beginning of life negatively affects 
the neurotransmission in the CNS, increasing the risk of 
individuals developing disorders related to the system [46].

Research suggested that the imbalance between the activ-
ity of 5-hydroxytryptamine 1A (5-HT1A) and 5-HT2A recep-
tors, involving the desensitization of the 5-HT1A receptor, is 
implicated in developing psychiatric disorders. Early wean-
ing in female pups pigs culminated in behavioral inhibition, 
besides lowered 5-HT1A messenger RNA (mRNA) expres-
sion in the hippocampus, amygdala, and hypothalamic para-
ventricular nucleus and higher 5-HT2A mRNA expression in 
the hippocampus and amygdala in adulthood. These results 
show that ELS can cause lasting harmful effects in different 
species [76].

Women who have experienced stress early in life show 
alterations in serotonergic circuits related to cognitive 
function but without necessarily having difficulties associ-
ated with this process. During menopause, estradiol levels 
decrease, changing the serotonergic function, mainly in the 
dorsolateral prefrontal cortex (dlPFC). This change affects 
the maintenance of working memory processes. Therefore, 
ELS generates lasting effects on serotonergic circuits related 
to executive functions, an alteration unmasked by the loss of 
estradiol during menopause [77, 78].
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The dopaminergic system is also modified by stress in 
childhood, which can cause several behavioral and biochem-
ical changes. Studies have shown that ELS reduces dopa-
mine levels in the PFC of individuals with psychotic disor-
ders. One hypothesis is that the reduction of dopamine levels 
may be related to an adaptation in brain circuits caused by 
the psychotic disorder [79].

In adolescence, there is a high risk of psychopathologies 
from the interference of early stress in the maturation of the 
dopaminergic system [80]. In an animal protocol of social 
isolation during adolescence, an increase in vulnerability 
to alcoholism was observed, with a significant reduction in 
dopamine levels. Dopamine reduction was reversed after 
chronic administration of one kappa opioid receptor (KOR) 
antagonist, the nor-binaltorphimine (norBNI); therefore, the 
authors suggest that the use of KOR antagonists may help to 
prevent the downregulation of dopamine receptors and thus 
prevent or treat drug addiction [81]. Other research carried 
out in animal models found that stress in early life compro-
mises dopamine receptor function in the prelimbic cortex 
and basal ganglia of females during adolescence, predispos-
ing them to psychopathologies [80]. Thus, individuals who 
experience stress early in life may exhibit a higher inclina-
tion towards rewards associated with alcohol and other drugs 
while decreasing motivation in seeking healthy rewards [12].

The catecholamines norepinephrine (NE) and dopamine 
are synthesized from different genes. Therefore polymor-
phisms in these genes can alter the physiology of the CNS. 
A survey of 308 Chinese individuals diagnosed with MDD 
identified 13 single nucleotide polymorphisms (SNPs) 
in coding regions of six genes (monoamine oxidase A 
(MAOA), SLC6A2, tyrosine hydroxylase (TH), catechol-O-
methyltransferase (COMT), dopamine receptor D2 (DRD2), 
DRD3), and polymorphisms in SLC6A2 are related to stress 
in the brain and early life identified by the Life Events Scale 
(LES) and Childhood Trauma Questionnaire-Short Form 
(CTQ-SF) [73].

The enzyme MAOA has the function of metabolizing 
neurotransmitters, including NE, 5-HT, and dopamine, cen-
tral neurotransmitters for multiple functional brain circuits 
associated with stress regulation. Children who have expe-
rienced stress early in life have genetic deficiencies on the 
X chromosome (Xp11.123–11.4), which encodes MAOA, 
and are at increased risk of developing behavioral disorders. 
Low levels of MAOA are linked to childhood maltreatment, 
increasing the chances of developing mental health problems 
[68].

MDD individuals without medication showed a strong 
relationship between ELS and glutamine levels [82]. Indi-
viduals with higher scores on a childhood trauma inven-
tory had a concomitant increase in glutamine levels in the 
occipital region, and those who suffered childhood emo-
tional abuse had a more significant alteration of glutamate 

neurotransmission in the occipital region, which conse-
quently increased the glutamate/glutamine cycle and glu-
tamine level [83].

Gamma-aminobutyric acid (GABA) is an inhibitory 
neurotransmitter associated with the pathophysiology of 
MDD. Research in animal models indicates that ELS tends 
to reduce GABA expression in adolescence and adulthood 
and decrease the expression of GABAAR subunits in adult-
hood [84, 85].

Mice submitted to ELS presented impulsivity and exces-
sive alcohol consumption in adulthood. ELS increased lev-
els of GABAAR a2 subunit expression in central stress cir-
cuits. The CRF1 receptor antagonist antalarmine and a new 
GABAA R a2 subunit ligand, 3-PBC, were infused into the 
central amygdala and medial PFC (mPFC) of the animals, 
culminating in the pharmacological control of the CRF and 
GABAAR, reversing the effects of ELS in mice [86].

It is important to emphasize that the scientific literature 
presents a gap between neurotransmitters and ELS as a 
pathophysiological mechanism involved with MDD. Thus, 
research relating neurotransmitters and ELS is essential for 
an in-depth study of the long-term effects of stress, which 
may allow the creation of new therapeutic strategies for 
these individuals.

Early Life Stress, Neuronal Signaling, 
and Major Depressive Disorder

Individuals who have suffered ELS are at greater risk of 
developing psychiatric disorders and/or cognitive impair-
ments in young or adult life. The mechanisms by which ELS 
triggers disorders or disabilities are not fully understood. 
Still, one hypothesis is related to changes in neuronal sign-
aling and brain synaptic plasticity, especially in the hip-
pocampal region. Synaptic function changes in individuals 
who undergo ELS, and a decrease in synaptic proteins may 
accompany this change. Synaptic protein synthesis is associ-
ated with the function of the mammalian target of the rapa-
mycin (mTOR) signaling pathway, among other regulatory 
mechanisms [87].

One research was carried out with a mice model of ELS 
by a model of maternal deprivation and chronic restraint 
stress. The animals showed anxious behaviors and cognitive 
deficiencies, in addition to showing inhibition of the mTOR 
pathway by the S6 kinase signaling pathway (s6 path). 
Physiologically, mTOR activation causes s6 phosphoryla-
tion, which increases the expression of postsynaptic density 
protein 95 (PSD95) and synaptophysin and contributes to 
neuronal signaling and synaptic plasticity. In the research, 
there was also a decrease in the expression of PSD95 mRNA 
and protein and synaptophysin in the hippocampus. The 
results indicate that ELS impairs neuronal signaling and 
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synaptic plasticity by altering mTOR signaling via the s6 
pathway [87].

Animals that underwent a maternal deprivation protocol 
and therefore suffered from ELS show reduced body weight 
early in life, altered glutamate transmission, and a negative 
impact on the development of synaptic plasticity in the CA1 
hippocampus in both female and male rats in comparison 
with animals in the control group that did not undergo the 
maternal deprivation protocol [88].

ELS influences the brain response during affective 
processing in the cortical region. Physiologically, visual 
stimuli with emotional contents drive cortical processing. 
One research carried out with individuals diagnosed with 
MDD who suffered ELS verified alterations in the affective 
response in the cortical region, considering that the stimuli 
presented less affective modulation when compared to the 
control group. This change is related to the increased risk 
and severity of MDD in individuals who have undergone 
ELS [89].

Globally based connectivity (GBC) is a method that 
describes brain interconnection. Some researchers evaluated 
GBC in individuals from neuroimaging exams to identify 
possible changes caused by ELS in neuronal signaling. It 
was determined that ELS causes sequelae in neuronal signal-
ing from increased thalamic activity in healthy individuals 
and individuals diagnosed with MDD [90].

DRD3 signaling modulates neuronal activity in multiple 
areas of the brain, even relating to the behavior of social 
interaction. ELS culminates in changes in neuronal signal-
ing and may contribute to the onset and severity of MDD. 
ELS downregulates DRD3 signaling in the lateral septum 
(LS), triggering social abnormality in individuals. The LS 
assists in processing emotional information and modulating 
behavioral responses to stress and is related to the reward 
system. The maternal deprivation protocol mimics ELS in 
animal models and triggers MDD in adulthood. A research 
carried out this protocol and identified the change in DRD3 
signaling, a change reversed by pharmacological treatment 
with PD128907, a DRD3 agonist substance. Therefore, ELS 
negatively alters DRD3 signaling in LS and is a potential 
therapeutic target for affected individuals [91].

A study carried out in mice found that the strain of mice 
with high HPA axis reactivity to stress and exposed to ELS 
had HPA axis hyperactivity and cognitive impairments 
related to hippocampal function, in addition to altered cor-
ticotropin-releasing hormone (CRH) levels and BDNF com-
pared to the strain of mice with low HPA axis reactivity [44].

Physiologically, the HPA axis stimulates the responses 
of the limbic regions to emotional stimuli, especially in the 
hippocampus and amygdala areas. Individuals who have 
undergone ELS show decreased reactivity of the amygdala 
and hippocampus during stressful situations experienced in 
adulthood, characterized by reduced cortisol concentrations 

and limbic deactivation. Neural effects can be positively 
modulated by work-related social support, but behavioral 
effects are not altered with this intervention [92].

Changes in the immune response contribute to the patho-
physiology of MDD and are related to the effects caused 
by ELS. Individuals who have suffered ELS may have high 
levels of inflammatory markers chronically, which may be 
further exacerbated in cases of exposure to an acute stress 
situation. A study with adult men found higher levels of 
IL-6 and nuclear factor kappa B (NF-κB) in the serum of 
individuals who suffered ELS [93].

Metabolites produced by the kynurenine pathway (KP) 
have neuromodulatory functions involving neuroprotective, 
neurotoxic, and inflammatory substances. The presence 
of indoleamine 2,3-dioxygenase (IDO) stimulates KP, but 
when the immune system is overactivated, IDO levels are 
increased, potentiating the action of KP. Research verified 
the effect of variable maternal foraging demand as an ELS 
protocol on KP-related substances in the cerebrospinal fluid 
in female monkeys. Kynurenic acid (KynA) levels and the 
KynA/kynurenine (KYN) ratio were low in the stressed 
group, characterizing a reduction in KP neuroprotective sub-
stances. The results indicate that ELS is related to decreased 
neuroprotective substances and an increase in KP-related 
neurotoxic substances [94].

As mentioned above, several mechanisms related to neu-
ronal signaling are associated with ELS and MDD (Fig. 3). 
It is possible to identify that the changes in MDD in individ-
uals who have undergone ELS are exacerbated compared to 
individuals diagnosed with MDD without a history of ELS. 
In the scientific literature, there is still a lack of research that 
relates ELS with other mechanisms present in the patho-
physiology of MDD, such as changes in the purinergic sys-
tem and oxidative imbalance.

Considerations and Conclusions

The multifactorial nature of the etiology of MDD was sup-
ported and strengthened by the research presented in this 
article, which emphasizes the relevant interaction between 
human biology and environmental factors, with preponder-
ance for the initial phase of life. Several studies point to the 
correlation between early stress and psychiatric disorders 
involving marker changes [68, 95], such as telomere length 
[96], dysregulation in central alpha2 noradrenergic recep-
tors [97], and inflammatory changes among other biological 
mechanisms [29] (Fig. 4).

Besides interfering with biological mechanisms, ELS can 
hinder the development of healthy coping skills [98]. With-
out adequate strategies to deal with stress, some people may 
resort to alcohol and other drugs [99]. Escape from drug 
use is one of the ways to seek pleasure and emotional relief, 
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considering that the brain mechanisms of reward, pleasure, 
and motivation are impaired in many individuals who have 
suffered ELS [100]. The whole context can also be associ-
ated with self-medication and unfavorable social situations 
such as lack of social support, poverty, and domestic vio-
lence [101].

A study of individuals who underwent early loss experi-
ence (ELE), such as death or separation from parents, identi-
fied an association between this ELS and altered dynamics 
of the HPA axis, which could be reflected in reduced cortisol 
responses upon awakening. The study also highlighted that 
the effect was more pronounced in individuals who experi-
enced multiple types of ELE. Furthermore, no significant 
differences were observed between men and women, indicat-
ing that this altered pattern of cortisol response was consist-
ent between the sexes [102].

However, epidemiological studies show more significant 
evidence of MDD after ELS in women than men [103]. 
Research has concluded that men have higher levels of 
5-HT1A receptor synthesis in cortical and subcortical brain 
regions, while women correlate positively with the receptor 
only in the hippocampus. Regarding the sexual genome, XY 
mice with decreased testosterone levels had lower expression 
of GABA, 5-HT, and dopamine-related genes in the pre-
frontal lobe compared to XX mice. This suggests that lower 
testosterone levels increase the predisposition to depression 

and anxiety [103]. Even though estrogen and testosterone 
levels influence MDD and schizophrenia, the effects of these 
hormones are transformative for individuals during puberty 
[104], not characterized as events in early childhood.

Furthermore, after maternal neglect, inflammatory fac-
tors such as TNFα and IL-6 in the prefrontal cortex and 
hippocampus increased in males. However, BDNF expres-
sion in the hippocampus and striatum of male mice was 
increased after maternal neglect, while the same expression 
was decreased in the striatum of females [103]. Few current 
studies tend to show the difference between the sexes and 
ELS and MDD, while it is conclusive that ELS affects brain 
plasticity and psychiatric disorders in both sexes. The dif-
ference between the sexes is the brain site involved and the 
modified transcriptomic signatures, but the stress response 
is similar [105, 106].

Early stress associated with changes in serotonergic and 
BDNF function has a potential risk for the lifelong manifes-
tation of depression [21]. In addition to these mechanisms, 
studies indicate that ELS can culminate in increased epi-
genetic changes, leading to gene expressions involved in 
increased inflammation and favoring a greater risk of devel-
oping MDD [107, 108].

Recent studies have shown that epigenetic changes may 
also occur in sperm and eggs [109–111]. These inherited 
epigenetic changes may influence the stress response and 

Fig. 3   Stress-altered systems in early life. The figure compares the 
affected brain regions and which mechanism of action is modified. 
On the left is a normal brain with no changes, and on the right is a 
brain that has suffered ELS. In the prefrontal cortex, synaptic changes 
increase the activation of 5-HT1A and 5-HT2A receptors and dopa-
mine (A2) levels. In the hippocampus, phosphorylation does not 
occur, and the s6 pathway is decreased, thus decreasing expression 

of PSD95 mRNA and synaptophysin (B2), which results in synaptic 
impairment. In the pituitary, the hippocampus pituitary adrenal sys-
tem is affected by the increase in the axis and thus dysregulation of 
cortisol, the connection with the amygdala, and the neuroplasticity 
from brain-derived neurotrophic factor (BDNF) (C2). The color of 
the entire brain region is also modified because neuroplasticity and 
the whole brain's limbic system are altered and impaired
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susceptibility to MDD in future generations, including chil-
dren of mothers who suffered ELS and did not experience 
any stress in childhood [112, 113]. An important example to 
consider is that the MAOA enzyme, encoded by the X chro-
mosome, which metabolizes monoaminergic neurotransmit-
ters, undergoes changes from the ELS [68]. Therefore, it is 
fundamental that new studies study this relationship and help 
to elucidate the mechanisms related to intergenerational epi-
genetics and the diagnosis of MDD so that it is possible to 
think of new therapeutic strategies that consider the history 
of the individuals' parents. New studies are also essential to 
investigate, for example, whether the effect of stress on the 
offspring of stressed mothers can increase the risk of trigger-
ing more severe symptoms of depression and refractoriness 
to different treatment strategies.

The neurotransmitter systems need a greater field of 
investigation regarding the correlation between MDD and 
ELS [83, 108]. The verified studies demonstrate relevant 
data. However, a considerable lack of research goes into the 
pathophysiological mechanisms linked to depression and 
adverse situations in childhood. It is worth noting that classic 
drug therapy for MDD acts on neurotransmitters and, there-
fore, significantly impacts the treatment of patients [114]. 

Classic antidepressants work mainly by increasing levels 
of monoaminergic neurotransmitters in some brain regions 
[115]. However, when an imbalance in neurotransmitter 
systems occurs due to ELS, the response to antidepressants 
can be affected [108, 116]. This diminished response to anti-
depressants is known as treatment resistance or inadequate 
response [117].

Another situation hypothesized to contribute to the poor 
response to traditional antidepressants is resistance to glu-
cocorticoids released by the HPA axis [118]. Glucocorticoid 
resistance is stimulated by chronic stress, with potentiated 
effects when it occurs early in life [119]. It may interfere 
with the ability of glucocorticoids to modulate the inflam-
matory response and synaptic impairments related to MDD 
[120]. In cases of glucocorticoid resistance, this dysfunc-
tion may indirectly affect the effectiveness of antidepres-
sants because glucocorticoids are also involved in regulating 
neurotransmitter levels, synaptic plasticity, and neurogen-
esis [121]. Therefore, when there is resistance to glucocor-
ticoids, these processes can be impaired, making it difficult 
to respond to antidepressants [122].

With this, it is essential to emphasize that further research 
needs to be carried out to elucidate the mechanisms by which 

Fig. 4   Molecular mechanisms and synaptic impairments related to 
ELS and MDD. Traumas suffered in childhood can lead to changes 
in the immune system, neurotransmitters, and, thus, signaling. In 
the immune system (A), it can increase cytokines like interleu-
kin-6 (IL-6), increase C-reactive protein (CRP) inflammation fac-
tor, oxidative stress, and nuclear factor kappa B (NF-KB), and still 
can lead to brain-derived neurotrophic factor (BDNF) dysfunction 
as inflammation increases. The neurotransmitters system affected by 
ELS (B), resulting in its decrease, are serotonin, dopamine, GABA, 

GABAAR, and the MAO enzyme. However, there is an increase in 
5-HT1A, 5-HT2A, glutamine and glutamate receptors, GABAA recep-
tor, and corticotropin-releasing factor (CRF). As there is a change in 
neurotransmitters, signaling and synaptic plasticity are also altered 
(C) through a decrease in the mammalian target of the rapamycin 
(mTOR) pathway and dopamine receptors and an increase in the 
hypothalamus–pituitary–adrenal (HPA) axis, causing hormonal dys-
regulation of cortisol
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ELS potentiates the changes present in the pathophysiology 
of MDD both at the biological and behavioral levels so that, 
in this way, it is possible to think of new effective therapeutic 
strategies for this group of patients.
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