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Even though major depressive disorder (MDD) and post-traumatic stress disorder (PTSD) are among the most

prevalent and incapacitating mental illnesses in the world, their diagnosis still relies solely on the characterization

of subjective symptoms (many of which are shared by multiple disorders) self-reported by patients and biomarkers

to facilitate diagnosis and treatment are still an unmet necessity.
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1. Introduction

Major depressive disorder (MDD) and post-traumatic stress disorder (PTSD) are among the most prevalent,

debilitating, and incapacitating mental illnesses that pose a significant disease burden and loss of adjusted life

years . Both disorders are believed to emerge as a result of a maladaptive response to stressful events in

individuals who fail to develop resilience. MDD and PTSD have similar etiology, manifest overlapping symptoms,

and MDD is often seen as a worsening condition in PTSD, which can be accompanied by suicide. The shared

symptomatology is relevant because the clinical diagnosis of MDD and PTSD is still based on subjective rather

than objective measures that are entirely based on symptom evaluation, following criteria defined by the Diagnostic

and Statistical Manual of Mental Disorders (DSM)-V. Even though the DSM-V offers a structured set of symptoms

for each disorder, the over reliance on subjective self-reports of symptoms contributes to diagnoses that are

misleading at times, mainly in the first medical visits, and in cases characterized by a mild to moderate depression

and distress . For this reason, the addition of an array of objective measures of neurobiological parameters would

warrant a significant boost in the diagnosis accuracy of psychiatric disorders, including PTSD and MDD. Great

progress has been achieved in the study of neurochemical deficits that underlie the manifestation of psychiatric

disorders, and several novel biomarker candidates to help in the diagnosis of PTSD and MDD have been

proposed.

2. Biomarkers for Psychiatric Disorders: An Unmet Need

The term “biomarker” refers to a broad category of measurable indicators of the existence or the severity of a

disease/disorder, being objective indications of medical state observed from the patient, which can be measured in

an accurate and reproducible manner. Thus, biomarkers objectively indicate the pathological state of a subject that

correlate to assessed medical symptoms, which are limited to indications perceived by the patient on their mental

health disorders. The Biomarkers Definitions Working Group provided an international definition of biomarker for

the field of pharmacological clinical trials: “a characteristic that is objectively measured and evaluated as an
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indicator of normal biological processes, pathogenic processes, or pharmacologic responses to a therapeutic

intervention” .

The development of reliable biomarkers for psychiatric disorders depends on a large understanding of the

pathological processes that underlie the specific neuropathology under examination. This can be particularly

challenging for psychiatric disorders because of their broad symptomatic characterization and the lack of a

sufficiently detailed understanding of the functional abnormalities, either neural or somatic, associated with

psychiatric disorders. Nevertheless, significant progress in this field has been made in the last decades, and the

development of reliable biomarkers for MDD and PTSD is becoming a realistic possibility.

There are several kinds of biomarkers that have been proposed for the diagnosis and prognosis of MDD and

PTSD, including genetic and epigenetic markers, proteins, and neurohormones . Each of these parameters

attempts to reflect part of a theoretical axis of biological alterations that gives origin to symptoms or to the targeted

disorders. The origin of such alterations is believed to be largely dependent on the exposure to stressful events,

and a complex combination of factors that include the nature of the stressor and the individual’s construct may

result in one disorder instead of another. Exposure to stress in a chronic, repeated fashion is believed to be an

important risk factor for the development of MDD, while exposure to acute, yet intense, traumatic events, often in

individuals that experience chronic stress conditions, may precipitate the development of PTSD. Given that

protracted and acute stress play an important role in the etiology of these disorders, the body’s physiological

regulation of the stress response becomes an important point of study to contextualize biochemical alterations in

MDD and PTSD.

3. Neurosteroids

Neurosteroids are endogenous steroids synthesized in the central and peripheral nervous system from cholesterol

 and belong to the broader category of neuroactive steroids, which also include peripherally or artificially

synthesized steroids with activity in the brain . The synthesis of neurosteroids, or neurosteroidogenesis, follows a

few distinct steps: (1) cholesterol is trafficked to the outer mitochondrial membrane by action of the steroidogenic

acute regulatory (StAR) protein; (2) cholesterol is then transported into the inner mitochondrial membrane by the

18 kDa translocator protein (TSPO); (3) its side-chain is cleaved by the CYP11A1 enzyme, which produces the

neurosteroid precursor, pregnenolone. Pregnenolone can then be converted to progesterone, which originates a

wide array of steroid-derived molecules that include sex and stress hormones, as well as endogenous neuroactive

steroids . In this review, we will focus on the neurosteroid pathway (represented in Figure 1) that begins with the

reduction of progesterone by the action of the 5α-reductase type I (5α-RI) enzyme, into 5α-dihydroprogesterone,

which is subsequently converted by the 3α-hydroxysteroid dehydrogenase (3α-HSD) type III enzyme to 3α,5α-

tetrahydroprogesterone (commonly known as allopregnanolone).
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Figure 1. Allopregnanolone biosynthetic pathway starting from cholesterol metabolism. Abbreviations: StAR:

steroidogenic acute regulatory protein; TSPO: 18 kDa translocator protein; scc: side-chain cleavage.

Neurosteroids rapidly modulate neuronal excitability due to their affinity to ligand-gated ion channels and other

receptors expressed in the synaptosomal membranes of brain cells and neurons. Arguably, the most important

neuronal action exerted by neurosteroids is related to the modulation of the inhibitory activity mediated by the

neurotransmitter GABA through the allosteric potentiation of the GABA  receptor . Allopregnanolone and its

stereoisomer, pregnanolone, are among the most potent neurosteroids in positively and allosterically modulating

GABA  receptors. These GABAergic steroids are found diminished in the cerebrospinal fluid (CSF) , serum ,

and plasma  of depressed individuals. The expression of the 5α-RI enzyme, which is essential for

allopregnanolone synthesis, is reduced in the postmortem prefrontal cortex (Brodman area 9) of depressed

individuals . Exogenous administration of allopregnanolone and other GABAergic synthetic neurosteroid analogs

resulted in antidepressant and anxiolytic effects, which is believed to be partly due to the role neurosteroids play in

the modulation of GABAergic inhibition, thereby also reducing depressive symptoms . The reduced

allopregnanolone in the CSF and plasma of depressed individuals  can be increased after antidepressant

treatment with selective serotonin reuptake inhibitors (SSRIs), including fluoxetine and fluvoxamine .

Affective disorders, including MDD and PTSD, show a strong sex-bias being more prevalent in women than in

men, which suggests that sex steroids may play a role. Both progesterone and its metabolite, allopregnanolone,

have been the focus of several investigations looking at sex-specific roles of neurosteroids in depressive disorders.

Lower serum allopregnanolone levels have also been observed in women suffering from postpartum depression

(PPD) . Significant fluctuations in progesterone and allopregnanolone levels during pregnancy, which rise

considerably before abruptly decreasing following delivery, may be responsible for the development of PPD

pathophysiology . From a predictive perspective, the second trimester of pregnancy seems to play an

A
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important factor and should be considered in the development of PPD symptoms during the last days of pregnancy

and in the post-partum period .

In female patients with PTSD, CSF, serum, and plasma allopregnanolone levels are also lower than in healthy age-

matched controls, which has been associated with enzymatic dysfunction at the levels of 3α-HSD .

Additionally, women with PTSD show a lower capacity for allopregnanolone synthesis from its precursor, which was

confirmed in serum samples . Similarly, in males with PTSD, the concentrations of allopregnanolone in the

CSF were found lower than in healthy controls . Ratios with allopregnanolone precursors supported a 5α-RI

expression/function abnormality. In these patients, the allopregnanolone level decrease was inversely correlated

with increased PTSD and depression symptoms. These findings align with previous results that observed a 5α-RI

expression downregulation in the human post-mortem brain (Brodmann area 9) of male depressed subjects.

Intriguingly, the enzymatic deficits in the allopregnanolone pathway may underlay a biosignature relevant for

psychopathology related to dysfunction in reproductive steroid biosynthesis. Allopregnanolone levels were also

found to be reduced in the medial orbital frontal cortex of individuals with PTSD in comparison to controls, using

postmortem brain tissue samples . A recent study showed that PTSD symptoms were inversely correlated with

combined CSF levels of allopregnanolone and pregnanolone, which was not observed in matched trauma-exposed

controls . These results are believed to correlate with decreased brain allopregnanolone levels, which are

observed in the limbic system areas that are relevant to affect regulation in several animal models of depression

and of PTSD (for an in-depth review on this topic, see ). Even though MDD and PTSD share some

neurobiological aspects, it is timely to investigate if allopregnanolone downregulation follows a distinct trajectory

between the two disorders. Further, it is conceivable that allopregnanolone and pregnanolone levels are compared

to the levels of their precursors, calculating ratios that estimate their synthesis rate and also investigating the

function and/or expression of the biosynthetic enzymes.

In humans, CSF measurements of neurosteroids are expected to reflect brain levels. However, a study conducted

in male and female rats showed a poor correlation of CSF allopregnanolone levels with its content in relevant brain

areas, such as the hippocampus and cerebral cortex . Plasma levels were surprisingly predictive of cerebral

cortex levels , encouraging the extrapolation of peripheral neurosteroid findings to the CNS. Another study in

humans found a significantly more robust correlation between CSF and serum free allopregnanolone levels . In

human studies in males, however, correlation of steroid levels in the CSF and plasma were either weak or very

weak . On the other hand, regardless of the precise correlation within subjects, plasma allopregnanolone levels

have been shown to reflect the directional changes predicted in the brain. In addition to plasma, the non-invasive

sampling of saliva could offer an alternative to blood draws for the quantification of neurosteroids in that it would

reduce the stress associated with blood collection that could affect circulating neuroactive steroid levels, and

thereby confounding interpretation of the experimental results. To our knowledge, there have not yet been studies

comparing allopregnanolone levels in saliva with blood or CSF levels, but the reliable use of cortisol measurement

in saliva , suggests that this may be an appropriate direction to focus in future research. Similarly, salivary

progesterone levels successfully reflect plasma levels, as confirmed also in studies conducted during pregnancy

.
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Altogether these summaries suggest that more studies should be conducted to establish clear correlation among

central neurosteroid biosynthesis changes with those occurring in the periphery, including blood and saliva. These

investigations will be crucial in assessing a putative biomarker role of neurosteroids in psychiatric disorders.
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