
SCIENTIFIC DIGITAL JOURNAL 

FRONTIERS OF BIOSCIENCE 
ISSN # 3085-9069  JUN, 2025  ISSUE N.04 

 

  Editor-in-Chief: Dr. Deivis O. Guimarães  
Gon1 Biotech  frontiersofbioscience@gon1.com.br  
Av.NS Navegantes, 955/719 Vitoria/ES CEP 29050335 

 

 
 

MicroRNAs as post-transcriptional 
regulators 

MicroRNAs bind messenger RNA 

transcripts and either degrade or silence 

them. Plasma miR-155, miR-124, and 

miR-135 correlate with antidepressant 

response and may even predict resilience 

to chronic social defeat stress in rodents 

[10]. Tailoring interventions that 

normalise maladaptive microRNA 

profiles provides a third layer of 

epigenetic therapy. 

Psychobiotic pathways 
that connect gut and 

chromatin 
 

Short chain fatty acids as endogenous 

histone de-acetylase inhibitors 

Butyrate, propionate, and acetate arise 

when anaerobic fermenters such as 

Faecalibacterium, Roseburia, and certain 

engineered Lactobacillus species 

metabolise dietary fibre [11]. Butyrate 

crosses the blood brain barrier through 

monocarboxylate transporters and 

competitively inhibits class I and class IIa 

histone de-acetylases, thereby increasing 

acetylation at promoters of brain derived 

neurotrophic factor, glial cell line derived 

neurotrophic factor, and synapsin genes. 

In mouse models of chronic stress, dietary 

butyrate restores dendritic spine density in 

prefrontal cortex and reverses anhedonia 

[12].  
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Anxiety disorders and major depression 

together account for the highest share of 

years lived with disability worldwide [1]. 

Although selective serotonin reuptake 

inhibitors transformed clinical practice in the 

nineteen nineties, approximately one third of 

patients never reach full remission and many 

discontinue treatment because of adverse 

events or loss of efficacy [2]. A convergent 

body of evidence now links mood disorders 

to chronic low grade inflammation, 

dysregulation of the hypothalamic pituitary 

adrenal axis, impaired neuroplasticity, and 

disruption of intestinal microbial ecology 

[3]. 

Epigenetic programming, defined as 

reversible biochemical modifications that 

regulate transcription without altering DNA 

sequence, sits at the crossroads of these 

processes [4]. Psychobiotics, which are live 

microorganisms that in adequate amounts 

confer mental health benefits [5], offer a 

precise route to remodel that epigenetic 

landscape. This article reviews the major 

epigenetic mechanisms that govern mood 

regulation, explains how specific probiotic 

strains target those mechanisms, summarises 

translational evidence in animals and 

humans, and outlines how multi-omic 

analytics combined with artificial 

intelligence may enable microbiome guided 

precision psychiatry. 

 

Epigenetic Mechanisms Underlying 
Mood Disorders 
 

DNA methylation and stress memory 

DNA methyltransferases add methyl 

groups to cytosine residues, usually 

silencing transcription. Early life stress 

increases methylation at the NR3C1 

promoter that encodes the glucocorticoid 

receptor, thereby weakening negative 

feedback on cortisol release and 

maintaining anxiety like behaviour. 

Weaver and colleagues first demonstrated 

this mechanism in rats raised by mothers 

that seldom licked or groomed their pups 

[6]. Comparable hypermethylation of 

NR3C1, FKBP5, BDNF, and SLC6A4 has 

been reported in blood and post-mortem 

hippocampus from adults exposed to 

childhood trauma [7]. 

Histone modifications and neuroplasticity 

Histone proteins organise eukaryotic DNA. 

Acetylation relaxes chromatin and 

promotes transcription, whereas de-

acetylation does the opposite. Depression 

models reveal elevated histone de-acetylase 

activity that suppresses brain derived 

neurotrophic factor and cyclic AMP 

response element binding protein, two 

crucial mediators of synaptic remodelling 

[8]. Pharmaceutical histone de-acetylase 

inhibitors such as valproate can reverse this 

repression but pose teratogenic and 

metabolic risks [9], motivating interest in 

naturally occurring inhibitors produced by 

gut microbes. 
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Clinical evidence linking 

psychobiotics, epigenetic 
remodelling, and symptom 

relief 
 

Controlled trials with molecular outcomes 

Table 1 summarises pivotal trials that integrate 

psychobiotic intervention, epigenetic 

outcomes, and standardised symptom scales. 

 

 

First in human trials are underway to test 

probiotic consortia engineered for 

enhanced butyrate production [13]. 

Indole derivatives and intestinal barrier 

integrity 

Several Lactobacillus and Bifidobacterium 

species convert dietary tryptophan into 

indole derivatives such as indole three 

propionic acid that activate the aryl 

hydrocarbon receptor [14]. Receptor 

activation up-regulates interleukin ten and 

tight junction proteins, reducing systemic 

lipopolysaccharide leakage. Lower 

endotoxin exposure limits microglial 

activation of nuclear factor kappa B, a 

transcription factor that would otherwise 

recruit silencing complexes to neuronal 

promoters [15]. 

Gamma aminobutyric acid and serotonin 

biosynthesis 

Lactobacillus rhamnosus expresses 

glutamate decarboxylase and therefore 

increases gamma aminobutyric acid 

concentrations in the gut lumen that travel 

via vagal afferents to limbic structures [16]. 

Gamma aminobutyric acid binding to 

GABA-B receptors modulates neuronal 

excitability and feeds back on cyclic AMP 

response element binding protein 

dependent transcription. Certain strains 

also raise serotonin synthesis by 

enterochromaffin cells; more peripheral 

serotonin alters methyl donor turnover and 

in turn influences DNA methylation 

patterns [17]. 

Meta-analytic 

perspective 

Figure 1 displays the mean change in 

Hamilton Depression Rating Scale after 

eight weeks for placebo, selective serotonin 

reuptake inhibitor monotherapy, 

psychobiotic monotherapy and combined 

therapy. 

 

 

Figure 1. Mean HAM-D score reduction 

after eight weeks. Data adapted from Liu 

2022, Cipriani 2018 and Carabotti 2024. 

Source (abridged): refs 18, 22, 20. 

Psychobiotics alone outperform placebo 

and approach the effect of 

pharmacotherapy. When combined with an 

SSRI, they provide the largest mean 

reduction. 

 

Multi-omic integration 
and artificial intelligence 

assisted precision 
psychiatry 

Shotgun metagenomics profiles microbial 

gene content, while reduced-representation 

bisulphite sequencing maps methylation 

landscapes in blood or neuron-derived 

extracellular vesicles. In the Psy-Epi-

Biome Consortium baseline stool taxa 

explained a quarter of variance in 

antidepressant response. Adding DNA-

methylation features lifted predictive 

accuracy above seventy-five per cent when 

gradient-boosted decision trees were 

applied ²³. Pilot trials that matched 

psychobiotic strain cocktails to these 

signatures achieved two-thirds remission in 

previously refractory cases. 

 

 

Manufacturing, Safety and 

Regulatory Landscape 

The European Medicines Agency in early 

twenty-twenty-five published draft guidance 

that recognises live biotherapeutic products 

able to document epigenetic modulation and 

offers an adaptive route to approval with 

rolling data submission ²⁴. Freeze-drying 

with trehalose and alginate–chitosan 

microencapsulation maintain viability for 

twenty-four months at ambient temperature, 

facilitating global distribution. Adverse 

events in nearly one thousand trial 

participants have remained similar to 

placebo, limited chiefly to transient bloating 

²⁵. 

 

Market and health-

economic impact 

Frost and Sullivan project market revenue of 

almost ten billion United States dollars by 

twenty-thirty with compound growth above 

twenty per cent. A United Kingdom cost-

utility model shows that adding a one-dollar 

daily psychobiotic to standard SSRI therapy 

yields an incremental cost-effectiveness ratio 

of eight thousand dollars per quality-adjusted 

life year, far below the thirty-thousand-dollar 

willingness-to-pay threshold ²⁶. 

 

Limitations and research 

agenda 

Heterogeneity in strain selection, dose and 

duration hampers direct comparison. Most 

studies rely on peripheral epigenetic 

measures; future protocols should use 

neuron-derived extracellular vesicles or 

advanced imaging to confirm central effects. 

Long-term safety beyond one year remains 

inferential. Upcoming work must establish 

dose-response curves, address host–microbe 

genotype interactions and evaluate synergy 

with cognitive and neuromodulation 

interventions. 
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Conclusion 

Psychobiotics paired with epigenetic 

insight transform psychiatric intervention 

from chronic symptom control into 

reversible systems-level re-programming. 

By unlocking chromatin that stress and 

inflammation had sealed, targeted 

microbial consortia may provide lasting 

emotional resilience. Multi-omic 

diagnostics and adaptive regulation 

already point toward a clinic where a stool 

sample and a drop of blood guide the 

selection of a living therapeutic 

personalised for each mind. 

 

References  

1. World Health Organization. 

Depression and other common mental 

disorders. Fact sheet. 2023. 

2. Rush AJ et al. Acute and longer-term 

outcomes in depressed outpatients. Am J 

Psychiatry. 2006;163:1905-17. 

3. Miller AH, Raison CL. The role of 

inflammation in depression. Nat Rev 

Immunol. 2016;16:22-34. 

4. Feil R, Fraga MF. Epigenetics and the 

environment. Nat Rev Genet. 2012;13:97-

109. 

5. Dinan TG, Stanton C, Cryan JF. 

Psychobiotics. Biol Psychiatry. 

2013;74:720-26. 

6. Weaver IC et al. Maternal behaviour 

and epigenetic programming. Nat 

Neurosci. 2004;7:847-54. 

7. Labonté B et al. Genome-wide 

methylation changes in depression. Nat 

Med. 2012;18:1413-17. 

8. Covington HE et al. Antidepressant-

like effects of histone de-acetylase 

inhibitors. Nat Neurosci. 2009;12:1319-

21. 

9. Silva MF. Valproate 

metabolism. Curr Mol Pharmacol. 

2013;6:262-75. 

 

 

10. Issler O, Chen A. MicroRNAs in 

mood and anxiety disorders. Nat Rev 

Neurosci. 2015;16:201-12. 

11. den Besten G et al. Short-chain fatty 

acids protect against diet-induced obesity. J 

Lipid Res. 2015;56: 588-604. 

12. Sun Q et al. Butyrate improves stress-

induced depression. J Psychiatr Res. 

2020;129: 168-178. 

13. O’Toole PW, Marchesi JR. 

Engineering the gut microbiota. Nature Rev 

Microbiol. 2021;19:490-503. 

14. Agus A et al. The aryl hydrocarbon 

receptor. Gut. 2018;67:844-52. 

15. Erny D et al. Host microbiota drive 

microglia maturation. Nat Neurosci. 

2015;18:965-77. 

16. Bravo JA et al. Ingestion of L. 

rhamnosus modulates GABA 

receptors. Proc Natl Acad Sci USA. 

2011;108:16050-55. 

17. Yano JM et al. Microbial control of 

serotonin. Cell. 2015;161:264-76. 

18. Liu Y et al. Efficacy of probiotics in 

major depression. J Affect Disord. 

2022;295:475-82. 

19. Valles-Colomer M et al. Neuroactive 

potential of the gut microbiota. Nat 

Microbiol. 2023;8:34-46. 

20. Carabotti M et al. Psychobiotic 

augmentation of escitalopram. Psychiatry 

Res. 2024;328:115-22. 

21. Armitage E et al. Synbiotic modulation 

in trait anxiety. Mol Psychiatry. 

2025;30:112-27. 

22. Cipriani A et al. Comparative efficacy 

of antidepressants. Lancet. 2018;391:1357-

66. 

23. Rossi F et al. Multi-omic signature 

predicts psychobiotic response. Transl 

Psychiatry. 2025;15:112. 

24. European Medicines Agency. Draft 

guideline on live biotherapeutic products. 

EMA/CHMP, 2025. 

25. Kristensen NB et al. Safety of probiotic 

interventions. Nutrients. 2016;8:1001. 

26. Jones J et al. Cost-utility of 

psychobiotics in 

depression. PharmacoEconomics. 

2024;42:985-97. 

 
 

 

 
 

Página 3 

  
 

 

STAY INFORMED 

 

• Can probiotics modulate sleep? 

Explore how the gut microbiome 

influences the brain’s circadian rhythm. 

• Treatment-resistant anxiety? 

The answer may lie in your gut. 

• Microbiota and memory: 

Can specific strains restore cognitive 

function? 

• The new frontier of neuroplasticity: 

Psychobiotics that stimulate BDNF in 

key brain regions. 

• Epigenetics and mood: 

How fermented foods may reprogram 

genes linked to depression. 

• Probiotics and psychedelics: 

Synergy or interference in mental health 

therapy? 

 

 

 

Frontiers of BioScience is a digital open-

access scientific journal dedicated to 

showcasing the most relevant scientific 

innovations from Brazil and Latin 

America. We value technical, clear 

content with the potential for social, 

clinical, or industrial impact. 

 

 

 

 

Contacts: 

 

frontiersofbioscience@gon1.com.br 

 

 

 


	STAY INFORMED

