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MicroRNAs (miRNAs) and the gut microbiome are key regulators of human health, 
with emerging evidence highlighting their complex, bidirectional interactions 
in chronic diseases. miRNAs, influence gene expression and can modulate the 
composition and function of the gut microbiome, impacting metabolic and immune 
processes. Conversely, the microbiome can affect host miRNA expression, influencing 
inflammatory pathways and disease susceptibility. This systematic review examines 
recent studies (2020–2024) focusing exclusively on human subjects, selected 
through rigorous inclusion and exclusion criteria. Studies were included if they 
investigated the interaction between miRNAs and the gut microbiome in the 
context of gastrointestinal diseases, obesity, autoimmune diseases, cognitive and 
neurodegenerative disorders, and autism. In vitro, in vivo and in silico analyses 
were excluded to ensure a strong translational focus on human pathophysiology. 
Notably, miRNAs, stable and abundant in patients, are emerging as promising 
biomarkers of microbiome-driven inflammation. This systematic review provides 
an overview of miRNAs, their regulatory effects on bacterial strains, and their 
associations with specific diseases. It also explores therapeutic advances and 
the potential of miRNA-based therapies to restore microbial balance and reduce 
inflammation.
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1 Introduction

MicroRNAs (miRNAs), short non-coding RNAs (~22 nucleotides), are post-transcriptional 
regulators of gene expression. They function by binding to the 3′ untranslated region (UTR) of 
mRNAs resulting in either mRNA degradation or translational repression. This refined regulation 
influences a wide range of biological processes, including cell differentiation, proliferation, and 
apoptosis (Winter et al., 2009). Recent studies have shown that miRNAs and the gut microbiome 
interact within intestinal epithelial cells, influencing critical signaling pathways and regulating gene 
expression (Dong et al., 2019; Li et al., 2010). The disruption of the symbiotic relationship between 
the gut microbiome and the host has been implicated in numerous human pathologies, including 
cancer, autoimmune disorders, type 2 diabetes mellitus (T2DM), cardiovascular diseases (Iliopoulos 
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et  al., 2009; Ha, 2011). Genetic and epigenetic alterations of specific 
miRNAs have been linked to disease development, and in recent years, 
miRNA-based therapies have shown potential for treating a variety of 
illnesses (Hydbring and Badalian-Very, 2013). Furthermore, growing 
evidence highlights the crucial role of miRNAs in regulating host 
responses to pathogenic infections (Maudet et al., 2014; Riaz Rajoka et al., 
2018). The gut microbiome, a complex ecosystem comprising trillions of 
bacteria and other microorganisms in the digestive tract, includes six 
major anaerobic bacterial groups: Prevotella, the Bacteroides fragilis group, 
the Atopobium cluster, Bifidobacterium, the Clostridium leptum subgroup 
and the Clostridium coccoides group. Additionally, five potential 
pathogenic clusters, such as Pseudomonas, Staphylococcus, Enterococcus, 
Enterobacteriaceae and Clostridium perfringens, are part of this intricate 
community. The microbiome may also contains eight types of 
Lactobacillus, including the L. sakei group, the L. reuteri group, the 
L. ruminis group, the L. plantarum group, the L. casei group, L. fermentum, 
L. brevis and the L. gasseri group (Hu et al., 2013; Boni et al., 2010). 
Alterations in this microbial balance, known as dysbiosis, have been 
implicated also in neurodegenerative disorders, including Alzheimer’s 
disease, major depressive disorder and autism (Durack and Lynch, 2019). 
In gastrointestinal cancers, including gastric and colorectal cancer, 
miRNAs and the gut microbiota interact to influence tumorigenesis, 
immune evasion, and inflammation. miRNAs can act as oncogenes or 
tumor suppressors, modulating the expression of genes involved in cancer 
progression. Dysbiosis further exacerbates these processes by generating 
pro-inflammatory metabolites and altering local immune responses (Lee 
et al., 2010; Yau et al., 2019; Ji et al., 2018; Shen et al., 2022). Beyond cancer, 
dysbiosis has also been associated with IBS and fecal constipation, where 
microbial imbalances disrupt gut motility and barrier function. The 
miRNA-microbiome axis is also critical in metabolic and systemic 
disorders (Viennois et al., 2017). In T2DM and obesity, dysregulated 
miRNA expression influences glucose homeostasis and adipocyte 
differentiation, while alterations in the microbiome contribute to 
low-grade systemic inflammation and insulin resistance (Liu et al., 2016). 
Neurodegenerative and cognitive disorders, including Alzheimer’s 
disease, mild cognitive impairment, major depressive disorder, and 
autism spectrum disorder, represent another frontier in understanding 
the miRNA-microbiome-disease axis. Microbial dysbiosis and altered 
miRNA expression can disrupt the gut-brain axis, leading to 
neuroinflammation and cognitive decline. Emerging evidence suggests 
that microbiome-targeting interventions may hold promise for these 
conditions. This would help in understanding the mechanistic pathways 
through which miRNAs and the microbiome influence disease 
progression. Additionally, investigating their roles in diagnostics could 
reveal miRNA profiles or microbiome signatures that could serve as 
non-invasive biomarkers for early disease detection. Moreover, 
therapeutic strategies targeting miRNAs or modulating the gut 
microbiome could offer new avenues for treating a range of diseases.

2 Materials and methods

In this systematic review, we aimed to examine the interaction 
between miRNAs and the intestinal microbiome, focusing on their 
bidirectional influence and roles in the pathogenesis of human 
diseases. To ensure a comprehensive and unbiased approach, 
we conducted a systematic search using both PubMed and Scopus 
databases. We  conducted independent searches in PubMed and 

Scopus databases using the following query: (microRNA OR miRNA) 
AND (gut microbiota OR intestinal microbiome) AND (interaction 
OR association) NOT review NOT in vivo NOT in vitro. The search 
ware restricted to articles published between 2020 and 2024 to ensure 
the inclusion of the most recent findings. The search in PubMed 
yielded 431 records, while 217 articles were identified in Scopus. After 
applying filters to exclude reviews, in vivo, and in vitro studies—given 
the variability and bioavailability of the microbiome in human 
subjects—the datasets were reduced to 300 and 171 articles, 
respectively. During an initial screening phase, 133 PubMed and 95 
Scopus articles classified as reviews were excluded, as were 81 PubMed 
and 43 Scopus articles focused on in vitro or in vivo models. This left 
167 PubMed articles and 76 Scopus articles for further evaluation. In 
the eligibility assessment phase, 86 articles from PubMed and 33 from 
Scopus were reviewed in detail. Exclusions were made for lack of open 
access (4 articles), reliance solely on in silico analyses (23 articles), 
failure to meet inclusion criteria (20 articles), duplication across 
databases (30 articles), or addressing diseases outside the scope of this 
review (17 articles). Ultimately, 25 studies were included in the final 
analysis, all focusing on patients and exploring the miRNA-
microbiome axis in the context of disease mechanisms. The selection 
process followed the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines (Page et  al., 2021), as 
illustrated in the flowchart in Figure 1. This rigorous methodology 
ensured the inclusion of studies focusing exclusively on human 
subjects, addressing the mechanisms by which miRNAs modulate the 
intestinal microbiome and vice versa. This chart provides a structured 
summary of each criterion applied, ensuring transparency and clarity 
in our methodological approach.

3 Interactions between gut 
microbiome and miRNAs in 
gastrointestinal diseases

MiRNAs have been shown to play a critical role in a wide range of 
physiological and pathological processes (Ferruelo et  al., 2018). 
Accumulating evidence indicates that imbalances in the gut 
microbiota and alterations in miRNA expression levels are closely 
linked to the onset and progression of various human diseases. Both 
factors can act as triggers for diverse disorders and have been 
identified as promising biomarkers, particularly in conditions such as 
type 2 diabetes mellitus (T2DM; Teng et al., 2018; Williams et al., 
2017). Several studies suggest that the gut microbiota interacts with 
miRNAs in regulating host physiology and immune processes. 
MiRNAs can mediate the crosstalk between gut microbiota and the 
host by modulating immune responses and influencing microbial 
composition. Notably, miRNAs are capable of directly targeting 
bacterial genes, thereby regulating bacterial communities and acting 
as markers for microbial fluctuations in intestinal pathologies 
(Moloney et al., 2018). This bidirectional relationship highlights the 
dynamic interplay between host miRNA networks and the gut 
microbiome, particularly in the context of chronic diseases. While the 
role of miRNAs in aberrant intestinal inflammation and disease 
recurrence, such as in Crohn’s disease (CD), remains poorly defined, 
emerging evidence underscores their ability to orchestrate immune 
and microbial dynamics. For example, through a holistic analysis of 
ileal microbiota composition, circulating free fatty acids (FFAs), and 
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miRNAs, researchers have begun to unravel the mutual dialog 
between microbial and inflammatory factors in CD, comparing 
healthy and pathological tissues. This section explores how miRNAs, 
through their upregulation or downregulation, modulate immune 
responses and microbiome composition, ultimately shaping disease 
progression. A comprehensive overview of the specific miRNAs 
involved, their regulatory roles, and their associations with particular 
diseases and microbial signatures is presented in Table 1.

3.1 Crohn’s disease

The intricate relationship between microRNAs (miRNAs) and the 
gut microbiome has become a focal point in understanding the 
mechanisms of gastrointestinal diseases, particularly in inflammatory 
conditions such as Crohn’s disease. In Crohn’s disease (CD), the 

intestinal microbiota exhibits distinctive microbial signatures that are 
closely linked to the regulation of miRNAs. Recent studies have 
identified seven key bacteria that play a crucial role in the pathogenesis 
of CD, including Defluviitalea raffinosedens, Thermotalea 
metallivorans, Roseburia intestinalis, Dorea sp. AGR2135, Escherichia 
coli, Shigella sonnei, and Salmonella enterica (Lv et al., 2024). The 
composition of these bacteria is modulated by the expression of 
miRNAs, which in turn influence intestinal inflammation and disease 
progression. For instance, down-regulated miRNAs in CD, such as 
miR-146a and miR-21, are essential in regulating the immune 
response and the function of regulatory T cells (Tregs; Mirzakhani 
et al., 2020; Cobb et al., 2006; Harvey and Bradshaw, 1980; Rossi et al., 
2011; Lu et al., 2010). The down-regulation of miR-146a compromises 
immune tolerance, promoting inflammation and altering bacterial 
composition by reducing beneficial bacteria such as R. intestinalis (a 
producer of SCFAs) and increasing pathogens like E. coli 

FIGURE 1

PRISMA flowchart of articles identification and selection strategy.
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TABLE 1 Comprehensive overview of dysregulated microbiome and miRNA interactions in disease states.

Disease/condition Dysregulated microbiome miRNAs Function

Crohn’s Disease (CD)

↑ Escherichia coli,

↑ Shigella sonnei,

↓ Roseburia intestinalis

↓ Defluviitalea raffinosedens

↓ miR-146a

↓ miR-21

↑ miR-223-3p

Regulates immune response (Tregs), 

promotes dysbiosis, and reduces SCFA 

production.

Gastric Cancer (GC)

↑ Lacticaseibacillus

↓ Haemophilus,

↓ Campylobacter

↓ miR-124-3

↓ TWIST1

Silences tumor suppressor pathways 

(drives inflammation through cytokines 

such as TNF-α and CXCL9), promotes 

epithelial-mesenchymal transition.

Colorectal Cancer (CRC) ↑ Fusobacterium nucleatum ↓ miR-1322
Promotes tumor growth and immune 

suppression via the CCL20 axis.

Functional constipation

↑ Oscillibacter

↑ Escherichia-Shigella

↓ Megamonas

↓ miR-205-5p

↓ miR-215-5p

↑ miR- 378c

Dysbiosis and miRNA alterations 

together disrupt gastrointestinal motility 

and contribute to symptom severity.

Irritable bowel syndrome

↓ Bacteroidetes

↑ Proteobacteria

↑ Lachnospiraceae

↑ Succinivibrionaceae UCG-001

↓ Marvinbryantia

↓ Alistipes

↓ miR-16

miRNA regulates tight junction proteins 

and inhibits inflammatory pathways 

such as TLR4/NF-κB. Its downregulation 

may exacerbate gut permeability and 

inflammation.

Chronic HBV Infection

↓ Bacteroides fragilis,

↓ Lactobacillus

↓ Bifidobacterium

↑ miR-192-5p

↔ miR-122-5p

Impacts glucose metabolism. This 

regulatory role link to insulin resistance 

and impaired glucose homeostasis, 

highlighting its potential role of T2DM’s 

target.

Obesity

↑ Bacteroides eggerthii

↔ Barnesiella intestinihominis

↑ Dorea longicatena

↔ Clostridia

↔ Burkholderia

↔ miR-130b-3p

↔ miR-185-5p

↑ miR-21-5p

↔ miR-30

↔ miR-194

Modulate host metabolism but also 

shape the biosynthetic landscape of the 

microbiome, with potential implications 

for weight regulation.

Systemic Lupus Erythematosus (SLE)

↑ Collinsella,

↑Bifidobacterium

↑ Lactobacillus

↓ Odoribacter

↓ Lachnospiraceae NK4A136

↓ miR-223-3p

↔ miR-146a-5p

↔ miR-155-5p

Immune modulation, correlates with 

inflammatory markers, regulates TLR4 

pathway.

Hashimoto’s Thyroiditis (HT)

↑ Peptostreptococcus

↑ Klebsiella

↑ Streptococcus

↓ Barnesiella

↓ Catonella

↑ miR-548aq-3p

↑ miR-374a-5p

Promote inflammatory pathways and 

reduce short-chain fatty acid (SCFA) 

production, exacerbating immune 

dysfunction and thyroid inflammation.

Diabetes-Associated Cognitive 

Dysfunction (DACD)

↑ Eubacterium coprostanoligenes

↑ Enterorhabdus

↑ E. coprostanoligenes

↑ Clostridium methylpentosum

↑ Acidaminococcus

↑ Ruminococcaceae

↑ Lacillobacteriaceae

↓ Anaeroglobus

↓ Lactobacillales

↓ Bradyrhizobium

↓ Porphyromonas

↓ Erysipelotrichaceae UCG-006

↓ Lawsonella

↑ miR-142-5p

↑ miR-107

↑miR-155-5p

↑ miR-144-3p

Promotes inflammation, linked to 

cognitive dysfunction.

(Continued)
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(Darfeuille-Michaud et al., 2004; Fang et al., 2018; Lloyd-Price et al., 
2019). Similarly, miR-21, another down-regulated miRNA, affects 
immune response and the microbiome as its reduction leads to T cell 
hyperactivation, contributing to an inflammatory environment that 
promotes the growth of pathogens such as S. sonnei and S. enterica. In 
contrast, up-regulated miRNAs such as miR-223-3p, a 
pro-inflammatory miRNA, are associated with the activation of the 
IL-23 inflammatory cascade and the regulation of bacterial genes 
involved in intestinal barrier permeability, such as claudin-8, whose 
alteration promotes pathogen growth. The up-regulation of 
miR-223-3p thus contributes to a feedback loop that promotes 
dysbiosis, where pathogenic bacteria dominate the intestinal 
microbiota, while protective bacteria such as D. raffinosedens are 
inhibited (Lv et  al., 2024; Ambrozkiewicz et  al., 2020). miRNA 
dysregulation contributes to intestinal inflammation by altering 
immune responses and bacterial composition, creating a feedback 
cycle that worsens the CD progression.

3.2 Gastrointestinal diseases

The pathogenesis of gastrointestinal diseases, including gastric 
cancer (GC), colorectal cancer (CRC), irritable bowel syndrome (IBS), 
and functional constipation (FC), is intricately linked to microbial 
dysbiosis and miRNA regulation.

In gastric cancer, microbial imbalances such as the enrichment of 
Lacticaseibacillus and reduction of Haemophilus and Campylobacter 
create a pro-inflammatory environment that promotes epigenetic 
alterations, including the hypermethylation and silencing of miRNAs 
like miR-124-3 and TWIST1 negative related to Helicobacter 

pylori-negative GC (Ushijima et al., 2006; Yang et al., 2018). These 
changes disrupt tumor-suppressor pathways and enhance epithelial-
to-mesenchymal transition, contributing to tumor progression. 
Similarly, fungal dysbiosis in GC, including enrichment of 
Apiotrichum and Cutaneotrichosporon, drives inflammation through 
cytokines such as TNF-α and CXCL9, which suppress tumor-
suppressive miRNAs and promote oncogenic pathways(Kim et al., 
2024; Kim et al., 2021; Yang et al., 2022).

In colorectal cancer, Fusobacterium nucleatum plays a critical role 
in tumor progression by modulating the miR-1322/CCL20 axis. This 
bacterium suppresses miR-1322 via the NF-κB signaling pathway, 
increasing the expression of CCL20 (Kostic et al., 2013), promoting 
immune cell infiltration, and polarizing macrophages toward a 
pro-tumor phenotype. Such interactions highlight the dynamic 
relationship between microbial dysbiosis and miRNA modulation in 
creating a pro-tumor microenvironment in gastrointestinal cancers 
(Xue et al., 2018; Xu et al., 2021; Gur et al., 2019).

In functional constipation, microbial shifts such as increases in 
Oscillibacter and Escherichia-Shigella, coupled with reductions in 
Megamonas, are accompanied by changes in miRNA expression. 
Downregulation of miRNAs like miR-205-5p and miR-215-5p 
correlates with impaired colonic motility and increased inflammation, 
while upregulation of miR-378c influences epithelial barrier function 
and cytokine signaling. These findings suggest that dysbiosis and 
miRNA alterations together disrupt gastrointestinal motility and 
contribute to symptom severity (Yao et al., 2023).

In irritable bowel syndrome, microbial dysbiosis is similarly central 
to disease mechanisms. A starch- and sucrose-reduced diet has been 
shown to shift microbial populations, reducing Bacteroidetes and 
increasing Proteobacteria, which correlates with symptom improvement. 

TABLE 1 (Continued)

Disease/condition Dysregulated microbiome miRNAs Function

Autism spectrum disorder (ASD)

↓ Ruminococcus

↓ Akkermansia

↓ Bifidobacterium

↑ Desulfovibrio

↑ Coprococcus

↑ Alistipes

↑ Sutterella

↑ miR-182-5p

↑ miR-681

↑ miR-657

↑ miR-2110

↓ miR-192-5p

Regulation gut permeability and 

inflammation.

Major Depressive Disorder (MDD)

↑ Bacteroide

↑ Streptococcus

↑ Klebsiella

↓ Dialister

↓ Bifidobacterium

↓ Faecalibacterium

↓ Roseburia.

↑ miR-3144-3p

↑ miR-579-3p

↔ miR-1976

↔ miR-1276

Regulates microbial colonization, affects 

emotional pathways.

Mild Cognitive Impairment (MCI)

↑ Proteobacteria

↑ Gammaproteobacteria

↓ Faecalibacterium

↓ unidentified Ruminococcaceae

↓ Alistipes

↓ Rikenellaceae

↑ miR-144-3p

↓ let-7 g-5p

↓ miR-107

↓ miR-186-3p

Modulation of genes expression under 

pathways affecting microbial 

colonization and cognitive health.

This table provides a comprehensive summary of the associations between dysregulated microbial signatures and miRNA expression across a range of diseases. The interactions detailed 
underscore the role of microbial imbalances in modulating miRNA expression, thereby influencing disease pathogenesis through mechanisms such as immune modulation, inflammatory 
processes, and disruptions in metabolic pathways. The upward arrow (↑) denotes upregulation, the downward arrow (↓) signifies downregulation, and the bidirectional arrow (↔) represents a 
correlation warranting further investigation.
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At the genus level, increases in Lachnospiraceae, UCG-001 and decreases 
in Marvinbryantia are associated with dietary intervention (Nilholm 
et al., 2022). Furthermore, Blastocystis infection in IBS patients has been 
linked to reductions in beneficial bacteria such as Alistipes, alongside 
altered miRNA expression. Notably, miR-16, a key modulator of gut 
barrier integrity, is downregulated in Blastocystis-positive IBS patients. 
This miRNA regulates tight junction proteins and inhibits inflammatory 
pathways such as TLR4/NF-κB. Its downregulation may exacerbate gut 
permeability and inflammation, contributing to IBS symptomatology 
(Olyaiee et al., 2023). These findings underscore the interplay between 
microbial diversity, miRNA regulation, and gastrointestinal health.

3.3 Hepatitis B virus and miRNA regulation 
in diabetes mellitus

Hepatitis B virus (HBV) infection has been shown to contribute to 
intestinal microbiota imbalance, playing a potential role in the 
development of diabetes mellitus (DM). Intestinal dysbiosis in HBV is 
characterized by a reduction in beneficial bacterial genera such as 
Lactobacillus, Bifidobacterium, and Bacteroides fragilis. This imbalance 
correlates with elevated levels of miR-192-5p, which suppresses the 
synthesis of glucagon-like peptide-1 (GLP-1) by binding to its 3′ 
untranslated region (UTR), thereby impairing glucose metabolism and 
exacerbating diabetic conditions. Additionally, miR-192 induced 
GLP-1 suppression creates a feedback loop that perpetuates gut 
microbiota imbalance and systemic inflammation, further accelerating 
disease progression (Liu, 2021; Pan et al., 2018). These bacteria, such 
as Bacteroides uniformis, are negatively correlated with circulating 
miR-122-5p levels, suggesting a reciprocal regulatory mechanism. 
Elevated miR-122-5p impacts glucose metabolism by targeting genes 
involved in gluconeogenesis and glycolysis pathways, such as glucose-
6-phosphatase (G6PC), phosphoenolpyruvate carboxykinase 
(PEPCK), and glucose transporter type 2 (GLUT2). This regulatory 
role links miR-122-5p to insulin resistance and impaired glucose 
homeostasis, highlighting its role as a potential therapeutic target for 
T2DM (Al-Kafaji et  al., 2015). Moreover, bioinformatics analyses 
reveal that Bacteroides uniformis and Phascolarctobacterium faecium 
may enhance insulin sensitivity and reduce inflammation through 
their metabolic pathways, including butyrate production and 
polyphenol metabolism (Pan et al., 2018). Their decline in T2DM 
patients underscores the importance of maintaining microbial diversity 
to counteract the pathological effects of miR-122-5p dysregulation. 
These findings underline the complex interplay between HBV-induced 
dysbiosis, miRNA regulation, and metabolic dysfunction. While 
miR-192 contributes to GLP-1 suppression and systemic inflammation, 
miR-122-5p modulates key metabolic pathways in glucose homeostasis. 
This bidirectional relationship between gut microbiota and miRNA 
expression highlights novel avenues for therapeutic interventions 
aimed at restoring microbiota balance and targeting miRNA-mediated 
regulatory networks (Li et al., 2020).

4 Obesity

Obesity, a global epidemic resulting from chronic energy 
imbalance, is increasingly linked to complex interactions between the 
gut microbiota and host miRNAs. Recent studies have illuminated the 

role of miRNAs in regulating metabolic pathways and the crosstalk 
between microbial composition and host gene expression. In 
particular, miRNAs have emerged as key mediators in shaping 
microbial communities and modulating host metabolic responses. The 
expression profiles of miR-130b-3p, miR-185-5p, and miR-21-5p, were 
found to differ significantly between obese and healthy individuals. 
These miRNAs demonstrated correlations with bacterial species such 
as Bacteroides eggerthii, Barnesiella intestinihominis, and Dorea 
longicatena, which are implicated in metabolic regulation. Notably, 
miR-21-5p, which targets pathways involved in insulin signaling and 
glycerolipid metabolism, was upregulated in obesity, potentially 
contributing to systemic inflammation and metabolic dysfunction. 
Furthermore, Bacteroides eggerthii, enriched in obese subjects, 
correlated with altered miRNA expression, highlighting the 
bidirectional communication between miRNAs and microbial taxa 
(Assmann et al., 2020). Another study focused on infants revealed 
associations between stool miRNAs and microbial activity during 
early growth, shedding light on mechanisms that may influence long-
term obesity risk. The miR-30 family and miR-194, known to regulate 
adipocyte differentiation and inflammation, were linked to microbial 
taxa such as Clostridia and Burkholderia. These findings suggest that 
miRNAs not only modulate host metabolism but also shape the 
biosynthetic landscape of the microbiome, with potential implications 
for weight regulation. Importantly, the transcriptional activity of these 
microbes correlated with infant weight-for-length z-scores, reinforcing 
the role of miRNAs in mediating host-microbiota interactions during 
critical developmental windows (Carney et al., 2021). Together, these 
studies underscore the intricate relationship between miRNAs and the 
gut microbiome in obesity. By regulating metabolic and inflammatory 
pathways, miRNAs act as crucial intermediaries in the host-microbe 
dialog. The dynamic interplay between dysbiosis and miRNA 
dysregulation provides insights into potential therapeutic targets 
aimed at restoring metabolic balance and preventing obesity-
related complications.

5 Autoimmune diseases

An important development has been the growing understanding 
of the relationship between the gut microbiome, miRNAs, and the 
progression of autoimmune diseases. Systemic Lupus Erythematosus 
(SLE) and Hashimoto’s Thyroiditis (HT) are two autoimmune 
conditions where the interplay between gut dysbiosis, miRNAs, and 
immune responses has been extensively studied. SLE, a chronic 
autoimmune and multisystem inflammatory disease, demonstrates 
a complex pathogenesis influenced by genetic and environmental 
factors (Tsokos, 2011; Tsokos, 2020). Similarly, HT is characterized 
by an immune-mediated attack on the thyroid gland, leading to 
chronic inflammation and eventual hypothyroidism. In both 
diseases, the gut microbiome and miRNAs emerge as key players in 
modulating immune tolerance and inflammation. In SLE, intestinal 
dysbiosis impacts the phenotype and function of T cells, B cells, and 
plasmacytoid dendritic cells (pDCs), promoting immune tolerance 
breakdown and exacerbating the disease (Chang and Choi, 2023; 
Monticolo et  al., 2023). Patients exhibit altered gut microbiota, 
including an overrepresentation of gram-positive bacteria such as 
Collinsella, Bifidobacterium, Lactobacillus, Streptococcus, and 
Marvinbryantia, and a reduction in anti-inflammatory bacteria like 
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Odoribacter and the Lachnospiraceae NK4A136 group (Chen et al., 
2021). miRNAs such as miR-146a-5p, miR-155-5p, and miR-223-3p 
regulate immune pathways, including TLR4, and correlate with 
inflammatory markers and microbial changes (Chi et  al., 2021; 
Penas-Steinhardt et al., 2012; Dong et al., 2019). Notably, hsa-miR-
223–3p is downregulated, highlighting its potential as a non-invasive 
biomarker for SLE progression (Abdul-Maksoud et al., 2021). In HT, 
dysbiosis is characterized by an increased abundance of 
Peptostreptococcus, Klebsiella, and Streptococcus, alongside reduced 
levels of butyrate-producing bacteria such as Barnesiella and 
Catonella. These shifts promote inflammatory pathways and reduce 
short-chain fatty acid (SCFA) production, exacerbating immune 
dysfunction and thyroid inflammation. Dysregulated miRNAs, such 
as hsa-miR-548aq-3p and hsa-miR-374a-5p, target genes involved in 
immune-inflammatory pathways, while specific single nucleotide 
polymorphisms (SNPs) influence microbial diversity and immune 
interactions (Li et al., 2024). Integrative analyses have revealed novel 
microbial signatures and miRNA-mRNA networks driving HT 
pathophysiology, offering potential targets for diagnostics 
and therapeutics.

6 Cognitive disorders

Recent studies have highlighted the crucial role of gut microbiome 
and miRNAs in cognitive dysfunction and neurodegenerative diseases 
such as Type 2 diabetes (T2DM), diabetes-associated cognitive 
dysfunction (DACD), major depressive disorder (MDD), mild 
cognitive impairment (MCI), Alzheimer’s disease (AD) and Autism 
spectrum disorder (ASD). The gut microbiome influences brain 
function and cognition through the microbiome-gut-brain axis, which 
is a key area of research.

6.1 Diabetes-associated cognitive 
dysfunction

In patients with diabetes-associated cognitive dysfunction 
(DACD), changes in gut microbiome are closely linked to cognitive 
decline. These patients exhibit distinct alterations in their gut 
microbiome. Notably, Eubacterium coprostanoligenes group and 
Enterorhabdus were overexpressed, both positively associated with the 
upregulated miR-142-5p, suggesting a role in promoting inflammation. 
Additionally, E. coprostanoligenes group was associated with the 
upregulated miR-107. Other overexpressed bacterial families included 
Clostridium methylpentosum group, Acidaminococcus, 
Ruminococcaceae, and Lacillobacteriaceae. In contrast, several families 
were reduced in DACD, including Anaeroglobus, which was negatively 
correlated with the downregulated miR-155-5p, and Lactobacillales, 
which showed a positive correlation with the upregulated miR-144-3p, 
potentially indicating protective effects (Liu et al., 2020). Hongying 
et  al., found also other downregulated families including 
Bradyrhizobium, Porphyromonas, Erysipelotrichaceae UCG-006, and 
Lawsonella (Huang et al., 2023). These findings highlight a complex 
interaction between gut microbiota and miRNAs, with key players like 
miR-142-5p and miR-155-5p potentially mediating inflammatory 
processes linked to cognitive dysfunction. Further studies are required 
to elucidate the mechanistic pathways underlying these interactions 

and their contribution to cognitive impairment in DACD (Zhang 
et al., 2021; Bi et al., 2021).

Diet  also plays a significant role in shaping gut microbiome 
composition. A “Western diet” high in fat and low in fiber, promotes 
the growth of harmful bacteria such as Proteobacteria and 
Enterobacteriaceae, while a plant-based diet encourages beneficial 
bacteria (Turpin et al., 2016; Beam et al., 2021). Moreover, increased 
intake of n-3 polyunsaturated fatty acids (PUFAs) has been shown to 
reduce the risk of T2DM and cognitive decline, with studies 
demonstrating a protective effect of n-3 PUFAs against cognitive 
impairment in T2DM patients (Nguyen et al., 2022; Li et al., 2022).

6.2 Autism spectrum disorder

Autism spectrum disorder (ASD) is a complex 
neurodevelopmental condition characterized by deficits in 
communication, social interaction, and repetitive behaviors, alongside 
frequent comorbidities such as gastrointestinal dysfunction and 
immune dysregulation. Recent research has identified dysregulated 
miRNAs and gut microbiota imbalances as central players in ASD 
pathophysiology, underscoring their intricate interplay within the 
gut-brain axis. Individuals with ASD exhibit significant alterations in 
miRNA profiles, including upregulated hsa-miR-182-5p, has-miR-
681, has-miR-657 and hsa-miR-2110, which are associated with 
increased intestinal inflammation and disruptions to gut microbiota 
composition (Chiappori et  al., 2022). Notably, hsa-miR-192-5p, a 
miRNA involved in maintaining intestinal barrier integrity, is 
significantly downregulated in ASD, further exacerbating gut 
permeability and inflammation. ASD individuals show a reduced 
abundance of beneficial bacteria such as Ruminococcus, Akkermansia 
and Bifidobacterium coupled with elevated levels of pro-inflammatory 
taxa like Desulfovibrio, Coprococcus, Alistipes, and Sutterella. These 
microbial imbalances negatively impact short-chain fatty acid (SCFA) 
production and gut homeostasis. In contrast, neurotypical controls 
exhibit a balanced gut microbiota that supports the regulation of 
miRNAs, maintaining intestinal homeostasis and neuroprotection. 
The bidirectional relationship between miRNAs and the microbiota 
not only highlights the gut’s role in influencing brain function but also 
presents opportunities for therapeutic intervention. For instance, 
dietary strategies such as ketogenic diets have shown promise in 
modulating both miRNA expression and microbial diversity (Allan 
et al., 2024; Li et al., 2021; Rawat et al., 2021; Lee et al., 2018). By 
enhancing the abundance of butyrate-producing bacteria and 
normalizing inflammatory profiles, such interventions demonstrate 
potential for mitigating ASD symptoms. Understanding these 
mechanisms paves the way for personalized therapies targeting the 
miRNA-microbiota axis to improve health outcomes in ASD.

6.3 Major depressive disorder

In the context of major depressive disorder (MDD), which often 
presents with cognitive symptoms, the relationship between gut 
microbiome and microRNAs has become a subject of increasing 
interest. Individuals with depressive disorders frequently report 
gastrointestinal dysfunction and disordered bowel habits, suggesting 
a robust correlation between gut microbiome and brain health. Recent 
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studies investigating the causal effects of gut microbiome on mental 
health have indicated that interactions between the microbiome and 
host miRNAs play a crucial role in regulating emotional and cognitive 
processes (Chiappori et al., 2022; Tarallo et al., 2022; Han et al., 2022). 
Hui-Mei et al. showed that in patients with MDD, significant changes 
in the microbiota were found, including increased levels of Bacteroide, 
Streptococcus, and Klebsiella, along with reduced levels of Dialister, 
Bifidobacterium, Faecalibacterium, and Roseburia. These changes are 
accompanied by alterations in the Bacteroidetes and Actinobacteria 
phyla, with reduced microbial diversity correlating with systemic 
inflammation Functional analysis of the gut microbiota in MDD 
patients indicates an enrichment in lipopolysaccharide (LPS) 
biosynthesis and tryptophan metabolism pathways, both of which are 
linked to inflammatory responses and serotonergic dysfunction. In 
contrast, healthy controls exhibit a predominance of anti-
inflammatory bacteria like Faecalibacterium and Roseburia, which 
promote gut-brain axis homeostasis. Concomitantly, several fecal 
miRNAs, like miR-1276, miR-3144-3p, miR-1976, miR-579-3p and 
miR-124-3p were shown to be differentially in MDD patients. For 
example, miR-1976 shows a positive association with Bifidobacterium, 
targeting long-term potentiation pathways, whereas miR-1276 
exhibits a negative association with Collinsella (Chen et al., 2022). 
miR-124-3p regulate genes involved in immune responses and 
serotonergic signaling, further highlighting the intricate interplay 
between miRNAs and gut microbiota. This bidirectional interaction 
may indicate that host-derived miRNAs modulate microbial 
compositions, while microbiota metabolites regulate miRNA 
expression, collectively impacting gut integrity, inflammation, and 
brain function. Adding a genetic dimension, specific single nucleotide 
polymorphisms (SNPs) have been identified as key factors influencing 
gut microbiota diversity in MDD. These genetic predispositions 
exacerbate microbial imbalances, further impairing metabolic and 
immune pathways associated with the condition. The integrative 
framework of host genetics, gut microbiota, and miRNAs underscores 
a complex network driving MDD pathophysiology, paving the way for 
targeted interventions. Therapeutic approaches focusing on restoring 
gut microbiota diversity and targeting miRNA dysregulation hold 
promise for alleviating MDD symptoms. Strategies may include 
probiotic supplementation with Faecalibacterium and Roseburia to 
enhance anti-inflammatory effects or miRNA-based therapies to 
correct dysregulated signaling pathways (Tarallo et al., 2022; Chen 
et al., 2022). These miRNAs target major pathways relevant to MDD, 
including axon guidance, circadian rhythm, and neurotrophin 
signaling. For example, miR-1976 shows a positive association with 
Bifidobacterium, targeting long-term potentiation pathways, whereas 
miR-1276 shows a negative association with Collinsella. This 
bidirectional interaction may indicate that host-derived miRNAs can 
modulate microbial compositions, and microbiota metabolites also 
regulate miRNA expression to impact gut integrity, inflammation, and 
brain function.

6.4 Mild cognitive impairment

Mild cognitive impairment (MCI), an early stage of Alzheimer’s 
disease (AD), is a condition in which individuals experience 
memory loss that exceeds what would be expected for their age 
(DeTure and Dickson, 2019). Dysbiosis of the gut microbiome has 

been implicated in numerous neurodegenerative disorders, 
including AD (He et al., 2020; Cryan et al., 2020). Some studies 
have indicated that alterations in the gut microbiome may 
potentially commence during the presymptomatic phase of AD, 
thereby contributing to its pathogenesis (Li et al., 2019; Nho et al., 
2019). Diet, regarded as a modifiable risk factor for AD, exerts a 
substantial influence on the prevention of cognitive decline (Cryan 
et al., 2020).

A recent study conducted on middle-aged and elderly Chinese 
populations examined the association between diet quality, gut 
microbiome, and miRNA profiles in relation to MCI (Zhang et al., 
2021). In this study with MCI revealed reduced microbial diversity 
with a significant decrease in the beneficial taxa Faecalibacterium, 
unidentified Ruminococcaceae, Alistipes, and Rikenellaceae, but 
increased pro-inflammatory taxa, including Proteobacteria and 
Gammaproteobacteria. These microbial changes are associated with 
the dysregulation of circulating miRNAs: decreased hsa-let-7 g-5p, 
hsa-miR-107, and hsa-miR-186-3p, but increased hsa-miR-144-3p. 
Noticeably, both Proteobacteria and Gammaproteobacteria are 
negatively correlated with hsa-let-7 g-5p, hsa-miR-107, and hsa-miR-
186-3p, while microbial diversity is positively correlated only with 
hsa-miR-107 and hsa-miR-186-3p. This reciprocal interaction may 
suggest that dysbiosis might contribute to systemic inflammation and 
dysregulation of miRNA, which consequently modulates gene 
expression under pathways affecting microbial colonization and 
cognitive health (Zhang et al., 2021).

Furthermore, the study demonstrated that individuals with the 
highest CDGI-2018 (China Diet and Health Index) or HLS (Healthy 
Lifestyle Score) exhibited a 25 to 46% reduction in the likelihood of 
developing MCI. Conversely, elevated E-DII (dietary inflammatory 
index) scores were linked to a 46% heightened risk of MCI. These 
findings lend support to the notion that a diet and lifestyle conducive 
to good health are associated with a reduced risk of cognitive decline 
and the onset of AD (Dhana et al., 2020). Emerging evidence also 
suggests that neurotoxins, such as lipopolysaccharide (LPS) from the 
gut microbiome, exacerbate neuroinflammation in neurodegenerative 
diseases like AD. LPS promotes inflammatory pathways and miRNA 
upregulation, contributing to cognitive decline in AD. These miRNAs 
downregulate key immune-related genes, affecting synaptic function 
and immune responses, which are crucial in AD pathology (Lukiw 
and Pogue, 2020; Alexandrov et al., 2019; Zhan et al., 2016; Lukiw, 
2020; Lukiw et al., 2019; Hill et al., 2015; Lukiw, 2016; Zhao et al., 
2019; Lukiw et al., 2012; Zhao et al., 2016).

7 Current advances and therapeutic 
approaches: human milk and fecal 
microbiota transplantation

Human milk plays a critical role in shaping the infant’s gut 
microbiome and immune development. Maternal miRNAs, such as 
miR-378 and miR-320, transmitted through breast milk, help regulate 
microbial diversity and promote the growth of beneficial bacteria like 
Bacteroides and Rothia, which are linked to improved gut health and 
immune function. Moreover, maternal diet significantly influences 
these miRNA signatures, with plant-based diets enhancing the 
development of a healthy microbiome in the infant (Yeruva 
et al., 2023).
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Fecal Microbiota Transplantation (FMT) effectively treats 
recurrent Clostridioides difficile (rCDI) and is being tested for 
dysbiosis-related conditions like IBD and metabolic disorders. FMT 
restores the microbiome’s diversity and has been shown to impact 
miRNA expression. In rCDI patients, FMT leads to the upregulation 
of miRNAs like miR-23a, miR-150, and miR-26b, which regulate 
inflammation and protect intestinal cells. These miRNAs target key 
cytokines involved in inflammatory diseases and autoimmunity, 
demonstrating that FMT not only restores microbial balance but also 
modulates molecular pathways to reduce inflammation. A recent 
study investigating FMT in subjects with metabolic syndrome revealed 
significant correlations between changes in microbiota composition 
and fecal miRNA profiles. For instance, Blautia and Faecalibacterium 
showed strong positive correlations with hsa-miR-2114-5p and 
hsa-miR-6833-5p, respectively, while Odoribacter and Anaerostipes 
correlated negatively with hsa-miR-3622b-5p and hsa-miR-3648-2-3p. 
These findings suggest that FMT-induced shifts in the microbiota can 
directly influence miRNA expression, potentially impacting host 
metabolic and inflammatory pathways. Interestingly, while the study 
did not find direct effects of specific miRNAs on bacterial growth 
in vitro, the observed correlations highlight the complex bidirectional 
communication between host miRNAs and gut microbiota 
(Wortelboer et al., 2022).

FMT also appears to restore miRNA biogenesis machinery, such 
as the enzyme DROSHA, which is suppressed during dysbiosis. This 
underscores the potential of FMT as a dual strategy: restoring 

microbial balance and correcting miRNA dysregulation (Monaghan 
et  al., 2021). Figure  2 illustrates the intricate interplay between 
miRNAs and the microbiome.

8 Future perspectives for 
cardiovascular disease

Emerging research emphasizes the significant role of miRNAs as 
potential biomarkers in cardiovascular diseases (CVDs). For instance, 
miR-146a-5p’s association with the cardiometabolic risk factor 
trimethylamine-N-oxide (TMAO), a microbial metabolite linked to 
atherosclerosis. While studies in murine models that miR-146a-5p 
regulates key targets such as Numb and Dlst, which are inversely 
associated with LDL cholesterol levels and contribute to atherosclerosis 
progression (Coffey et  al., 2019) further investigation in human 
studies is needed. Similarly, microbial metabolites like TMAO have 
been shown to modulate miRNA expression through inflammatory 
pathways such as NF-κB (Ionescu et al., 2022). The interplay between 
gut microbiota, miRNAs, and cardiovascular risk is further evidenced 
by microbial imbalances. Increases in TMA-producing bacteria, such 
as Firmicutes and Proteobacteria, alongside reductions in butyrate-
producing microbes like Bifidobacteria, contribute to elevated TMAO 
levels. This, in turn, influences miRNA profiles, including the 
upregulation of pro-inflammatory miR-155 and suppression of 
protective miR-126, exacerbating endothelial dysfunction, 

FIGURE 2

The interplay between miRNA dysregulation, gut microbiome alteration, and disease progression. This figure illustrates the dynamic interactions 
between miRNA dysregulation and gut microbiome composition across various diseases. Dysregulated miRNAs influence microbial balance, 
promoting shifts in key bacterial genera such as Escherichia coli, Bacteroides, Lactobacillus, and Bifidobacterium. In turn, these microbiome changes 
feedback to modulate miRNA expression, creating a reciprocal relationship. Disease categories—including autoimmune, cancer, metabolic, and 
neurodegenerative disorders—emerge from these alterations, emphasizing the critical role of the miRNA-microbiome axis in health and disease.
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inflammation, and plaque formation (Graham et al., 2023). These 
findings underline the bidirectional relationship between dysbiosis 
and miRNA regulation. Recent insights into gastrointestinal 
conditions, such as prolonged constipation, have further highlighted 
the interconnectedness of gut health and systemic diseases. Chronic 
constipation has been associated with an increased risk of colon 
cancer and cardiovascular or cerebrovascular events, potentially 
mediated by microbiota-driven dysbiosis and miRNA dysregulation. 
These findings emphasize the importance of considering gut health as 
a contributor to overall cardiovascular and metabolic risk (Power 
et al., 2013; Dong et al., 2023). Such observations have opened new 
avenues for research into the mechanisms linking gut health, miRNA 
expression, and systemic diseases. Future research should delve deeper 
into the molecular mechanisms underlying miRNA-microbiome 
interactions, particularly focusing on signaling pathways that regulate 
inflammation, endothelial function, and lipid metabolism. 
Understanding how miRNAs influence microbial metabolite 
production, such as TMAO and butyrate, as well as gut barrier 
function, could provide new insights into disease pathophysiology 
(Zhou et al., 2024). Similarly, studies should investigate how microbial 
communities reciprocally regulate miRNA biogenesis, potentially 
through the modulation of key enzymes like DROSHA and DICER 
(Treiber et  al., 2019). Therapeutic miRNA-based approaches hold 
significant promise. Targeted delivery systems, such as nanoparticles 
or engineered exosomes, could be used to modulate specific miRNA 
profiles in cardiovascular tissues, restoring protective miRNAs like 
miR-126 or suppressing pro-inflammatory miRNAs like miR-155 
(Gondaliya et  al., 2024; Mahesh and Biswas, 2019; 

Rastegar-Moghaddam et al., 2023). Engineered probiotics, designed 
to produce beneficial metabolites or even miRNA mimics, represent 
another innovative strategy to correct dysbiosis and modulate gene 
expression. Such interventions could address the root causes of 
chronic inflammation and metabolic dysregulation in CVDs (Murali 
and Mansell, 2024; Jiang et al., 2024).By connecting these emerging 
insights to future therapeutic approaches, the integration of gut 
microbiota modulation and miRNA-targeted strategies represents a 
promising frontier for improving cardiovascular outcomes. The 
recognition of these intricate interconnections underscores the need 
for a multidisciplinary approach to uncover novel diagnostics and 
interventions (Figure 3).

9 Conclusion

This review highlights the intricate interplay between the gut 
microbiome and microRNAs across a wide spectrum of human 
diseases, including gastrointestinal disorders, autoimmune 
conditions, neurodegenerative diseases, and mental health 
disorders. The bidirectional influence of these elements represents 
a transformative area in precision medicine, offering opportunities 
for innovative diagnostics and therapeutics. Despite these 
advances, current research faces significant limitations, such as 
variability in methodologies, challenges in clinical translation, 
and difficulties in achieving targeted delivery mechanisms for 
miRNA-based therapies. Ethical considerations also emerge, with 
concerns about off-target effects, microbial imbalances, and 

FIGURE 3

Intercation networks between miRNAs, microbial signatures and diseases. Interaction network illustrating the associations between miRNAs and their 
correlated diseases. Positive correlations are depicted with red lines, while negative correlations are represented by blue lines. This visualization 
highlights the intricate interplay between miRNA dysregulation and disease pathogenesis, emphasizing their potential roles in molecular mechanisms 
underlying various conditions.
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potential transgenerational impacts of microbiome alterations. 
Addressing these issues requires robust ethical frameworks 
emphasizing transparency, informed consent, and long-term 
monitoring. Moreover, regulatory approval frameworks must 
include rigorous preclinical validation, phased clinical trials, and 
post-market surveillance to ensure safety and efficacy. Future 
research should focus on elucidating the molecular mechanisms 
of miRNA-microbiome interactions, identifying biomarkers, and 
developing innovative therapeutic delivery systems, such as 
engineered probiotics or nanoparticle carriers, to modulate gene 
expression and restore microbial balance. Personalized medicine 
approaches integrating molecular, genetic, and microbiome data 
will be  pivotal in addressing these challenges and advancing 
precision therapies. The transformative potential of miRNA and 
microbiome-targeted interventions is underscored by ongoing 
clinical trials (see Table  2). These trials highlight promising 
therapeutic approaches, emphasizing the importance of translating 
research findings into clinical applications that improve patient 
outcomes. By addressing current limitations and fostering 
interdisciplinary collaboration, the miRNA-microbiome axis 
offers a pathway to develop safer, more effective, and personalized 
solutions for chronic diseases, paving the way for significant 
advancements in precision medicine.
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TABLE 2 Clinical trials involving miRNA-based therapeutics and microbiome interventions.

Trial ID Phase Condition Intervention Key remarks

NCT03680274 Phase 1/2 Autism Spectrum Disorder Fecal Microbiota Transplantation 

(FMT)

Investigating the safety and 

efficacy of FMT in children 

with ASD.

NCT01462734 N/A Macular Hole MicroRNA Expression Profiling Studying microRNA expression 

in vitreous samples of patients 

with macular hole.

NCT00806650 N/A Kidney Cancer MicroRNA Signature Blood Test Evaluating microRNA 

signatures in blood tests for 

detecting metastasis in kidney 

cancer patients.

NCT03294122 N/A Prostate and Head–Neck Cancer Microbiota and Inflammatory 

Markers Study

Assessing the role of 

microbiota and inflammatory 

markers in radiation-induced 

toxicity.

NCT04759625 N/A Healthy Older Adults Dietary Intervention with 

Mushroom-Enriched Biscuits

Examining the effect of 

β-glucan-rich biscuits on 

intestinal health and 

microbiota composition.

This table provides an overview of clinical trials investigating miRNA-based therapies and microbiome interventions. It includes trial identifiers, phases, conditions studied, interventions 
tested, and key objectives or findings, such as the use of fecal microbiota transplantation in autism, microRNA profiling in macular hole, and dietary modulation of gut microbiota in older 
adults.

https://doi.org/10.3389/fmicb.2025.1540943
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org


Drago et al. 10.3389/fmicb.2025.1540943

Frontiers in Microbiology 12 frontiersin.org

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 

or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fmicb.2025.1540943/
full#supplementary-material

References
Abdul-Maksoud, R. S., Rashad, N. M., Elsayed, W. S. H., Ali, M. A., Kamal, N. M., and 

Zidan, H. E. (2021). Circulating miR-181a and miR-223 expression with the potential 
value of biomarkers for the diagnosis of systemic lupus erythematosus and predicting 
lupus nephritis. J. Gene Med. 23:e3326. doi: 10.1002/jgm.3326

Alexandrov, P., Zhai, Y., Li, W., and Lukiw, W. (2019). Lipopolysaccharide-stimulated, 
NF-kB-, miRNA-146a- and miRNA-155-mediated molecular-genetic communication 
between the human gastrointestinal tract microbiome and the brain. Folia Neuropathol. 
57, 211–219. doi: 10.5114/fn.2019.88449

Al-Kafaji, G., Al-Mahroos, G., Alsayed, N. A., Hasan, Z. A., Nawaz, S., and Bakhiet, M. 
(2015). Peripheral blood microRNA-15a is a potential biomarker for type 2 diabetes 
mellitus and pre-diabetes. Mol. Med. Rep. 12, 7485–7490. doi: 10.3892/mmr.2015.4416

Allan, N. P., Yamamoto, B. Y., Kunihiro, B. P., Nunokawa, C. K. L., Rubas, N. C., 
Wells, R. K., et al. (2024). Ketogenic diet induced shifts in the gut microbiome associate 
with changes to inflammatory cytokines and brain-related miRNAs in children with 
autism Spectrum disorder. Nutrients 16, 7–17. doi: 10.3390/nu16101401

Ambrozkiewicz, F., Karczmarski, J., Kulecka, M., Paziewska, A., Niemira, M., 
Zeber-Lubecka, N., et al. (2020). In search for interplay between stool microRNAs, 
microbiota and short chain fatty acids in Crohn's disease - a preliminary study. BMC 
Gastroenterol. 20:307. doi: 10.1126/scisignal.2000356

Assmann, T. S., Cuevas-Sierra, A., Riezu-Boj, J. I., Milagro, F. I., and Martinez, J. A. 
(2020). Comprehensive analysis reveals novel interactions between circulating 
MicroRNAs and gut microbiota composition in human obesity. Int. J. Mol. Sci. 21, 
13–17. doi: 10.3390/ijms21249509

Beam, A., Clinger, E., and Hao, L. (2021). Effect of diet and dietary components on 
the composition of the gut microbiota. Nutrients 13, 4–15. doi: 10.3390/nu13082795

Bi, T., Feng, R., Zhan, L., Ren, W., and Lu, X. (2021). ZiBuPiYin recipe prevented and 
treated cognitive decline in ZDF rats with diabetes-associated cognitive decline via 
microbiota-gut-brain Axis dialogue. Front. Cell Dev. Biol. 9:651517. doi: 10.3389/
fcell.2021.651517

Boni, V., Bitarte, N., Cristobal, I., Zarate, R., Rodriguez, J., Maiello, E., et al. (2010). 
miR-192/miR-215 influence 5-fluorouracil resistance through cell cycle-mediated 
mechanisms complementary to its post-transcriptional thymidilate synthase regulation. 
Mol. Cancer Ther. 9, 2265–2275. doi: 10.1158/1535-7163.MCT-10-0061

Carney, M. C., Zhan, X., Rangnekar, A., Chroneos, M. Z., Craig, S. J. C., Makova, K. D., 
et al. (2021). Associations between stool micro-transcriptome, gut microbiota, and 
infant growth. J. Dev. Orig. Health Dis. 12, 876–882. doi: 10.1017/S2040174420001324

Chang, S. H., and Choi, Y. (2023). Gut dysbiosis in autoimmune diseases: association 
with mortality. Front. Cell. Infect. Microbiol. 13:1157918. doi: 10.1016/j.jalz.2019.07.002

Chen, H. M., Chung, Y. E., Chen, H. C., Liu, Y. W., Chen, I. M., Lu, M. L., et al. (2022). 
Exploration of the relationship between gut microbiota and fecal microRNAs in patients 
with major depressive disorder. Sci. Rep. 12:20977. doi: 10.1016/j.jalz.2018.08.012

Chen, B. D., Jia, X. M., Xu, J. Y., Zhao, L. D., Ji, J. Y., Wu, B. X., et al. (2021). An 
autoimmunogenic and Proinflammatory profile defined by the gut microbiota of 
patients with untreated systemic lupus erythematosus. Arthritis Rheum. 73, 232–243. 
doi: 10.1002/art.41511

Chi, M., Ma, K., Li, Y., Quan, M., Han, Z., Ding, Z., et al. (2021). Immunological 
involvement of MicroRNAs in the key events of systemic lupus erythematosus. Front. 
Immunol. 12:699684. doi: 10.3389/fimmu.2021.699684

Chiappori, F., Cupaioli, F. A., Consiglio, A., Di Nanni, N., Mosca, E., Licciulli, V. F., 
et al. (2022). Analysis of Faecal microbiota and small ncRNAs in autism: detection of 
miRNAs and piRNAs with possible implications in host-gut microbiota cross-talk. 
Nutrients 14, 13–23. doi: 10.3390/nu14071340

Cobb, B. S., Hertweck, A., Smith, J., O'Connor, E., Graf, D., Cook, T., et al. (2006). A 
role for Dicer in immune regulation. J. Exp. Med. 203, 2519–2527. doi: 10.1084/
jem.20061692

Coffey, A. R., Kanke, M., Smallwood, T. L., Albright, J., Pitman, W., Gharaibeh, R. Z., 
et al. (2019). microRNA-146a-5p association with the cardiometabolic disease risk factor 
TMAO. Physiol. Genomics 51, 59–71. doi: 10.1152/physiolgenomics.00079.2018

Cryan, J. F., O'Riordan, K. J., Sandhu, K., Peterson, V., and Dinan, T. G. (2020). The 
gut microbiome in neurological disorders. Lancet Neurol. 19, 179–194. doi: 10.1016/
S1474-4422(19)30356-4

Darfeuille-Michaud, A., Boudeau, J., Bulois, P., Neut, C., Glasser, A. L., Barnich, N., 
et al. (2004). High prevalence of adherent-invasive Escherichia coli associated with ileal 
mucosa in Crohn's disease. Gastroenterology 127, 412–421. doi: 10.1053/j.
gastro.2004.04.061

DeTure, M. A., and Dickson, D. W. (2019). The neuropathological diagnosis of 
Alzheimer's disease. Mol. Neurodegener. 14:32. doi: 10.1186/s40001-023-01441-8

Dhana, K., Evans, D. A., Rajan, K. B., Bennett, D. A., and Morris, M. C. (2020). 
Healthy lifestyle and the risk of Alzheimer dementia: findings from 2 longitudinal 
studies. Neurology 95, e374–e383. doi: 10.1212/WNL.0000000000009816

Dong, Q., Chen, D., Zhang, Y., Xu, Y., Yan, L., and Jiang, J. (2023). Constipation and 
cardiovascular disease: a two-sample Mendelian randomization analysis. Front 
Cardiovasc Med. 10:1080982.

Dong, J., Tai, J. W., and Lu, L. F. (2019). miRNA-microbiota interaction in gut 
homeostasis and colorectal Cancer. Trends Cancer. 5, 666–669. doi: 10.1016/j.
trecan.2019.08.003

Dong, C., Zhou, Q., Fu, T., Zhao, R., Yang, J., Kong, X., et al. (2019). Circulating 
exosomes derived-miR-146a from systemic lupus erythematosus patients regulates 
senescence of mesenchymal stem cells. Biomed. Res. Int. 2019:6071308. doi: 
10.1155/2019/6071308

Durack, J., and Lynch, S. V. (2019). The gut microbiome: relationships with disease 
and opportunities for therapy. J. Exp. Med. 216, 20–40. doi: 10.1084/jem.20180448

Fang, X., Monk, J. M., Nurk, S., Akseshina, M., Zhu, Q., Gemmell, C., et al. (2018). 
Metagenomics-based, strain-level analysis of Escherichia coli from a time-series of 
microbiome samples from a Crohn's disease patient. Front. Microbiol. 9:2559. doi: 
10.1016/j.bbadis.2013.08.011

Ferruelo, A., Penuelas, O., and Lorente, J. A. (2018). MicroRNAs as biomarkers of 
acute lung injury. Ann Transl Med. 6:34. doi: 10.21037/atm.2018.01.10

Gondaliya, P., Driscoll, J., Yan, I. K., Ali Sayyed, A., and Patel, T. (2024). 
Therapeutic restoration of miR-126-3p as a multi-targeted strategy to modulate the 
liver tumor microenvironment. Hepatol Commun. 8, 4–15. doi: 10.1097/
HC9.0000000000000373

Graham, B. I. M., Harris, J. K., Zemanick, E. T., and Wagner, B. D. (2023). Integrating 
airway microbiome and blood proteomics data to identify multi-omic networks 
associated with response to pulmonary infection. Microbe 1, 7–9. doi: 10.1016/j.
microb.2023.100023

Gur, C., Maalouf, N., Shhadeh, A., Berhani, O., Singer, B. B., Bachrach, G., et al. 
(2019). Fusobacterium nucleatum supresses anti-tumor immunity by activating 
CEACAM1. Onco Targets Ther 8:e1581531. doi: 10.1080/2162402X.2019.1581531

Ha, T. Y. (2011). MicroRNAs in human diseases: from Cancer to cardiovascular 
disease. Immune Netw. 11, 135–154. doi: 10.4110/in.2011.11.3.135

Han, K., Ji, L., Wang, C., Shao, Y., Chen, C., Liu, L., et al. (2022). The host genetics 
affects gut microbiome diversity in Chinese depressed patients. Front. Genet. 13:976814. 
doi: 10.3389/fgene.2022.976814

Harvey, R. F., and Bradshaw, J. M. (1980). A simple index of Crohn's-disease activity. 
Lancet 1:514. doi: 10.1016/s0140-6736(80)92767-1

He, Y., Li, B., Sun, D., and Chen, S. (2020). Gut Microbiota: Implications in Alzheimer's 
disease. J. Clin. Med. 9, 4–18. doi: 10.3390/jcm9072042

Hill, J. M., Pogue, A. I., and Lukiw, W. J. (2015). Pathogenic microRNAs common to 
brain and retinal degeneration; recent observations in Alzheimer's disease and age-
related macular degeneration. Front. Neurol. 6:232. doi: 10.3389/fneur.2015.00232

Hu, F., Meng, X., Tong, Q., Liang, L., Xiang, R., Zhu, T., et al. (2013). BMP-6 inhibits 
cell proliferation by targeting microRNA-192 in breast cancer. Biochim. Biophys. Acta 
1832, 2379–2390. doi: 10.1186/s12876-020-01444-3

https://doi.org/10.3389/fmicb.2025.1540943
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmicb.2025.1540943/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmicb.2025.1540943/full#supplementary-material
https://doi.org/10.1002/jgm.3326
https://doi.org/10.5114/fn.2019.88449
https://doi.org/10.3892/mmr.2015.4416
https://doi.org/10.3390/nu16101401
https://doi.org/10.1126/scisignal.2000356
https://doi.org/10.3390/ijms21249509
https://doi.org/10.3390/nu13082795
https://doi.org/10.3389/fcell.2021.651517
https://doi.org/10.3389/fcell.2021.651517
https://doi.org/10.1158/1535-7163.MCT-10-0061
https://doi.org/10.1017/S2040174420001324
https://doi.org/10.1016/j.jalz.2019.07.002
https://doi.org/10.1016/j.jalz.2018.08.012
https://doi.org/10.1002/art.41511
https://doi.org/10.3389/fimmu.2021.699684
https://doi.org/10.3390/nu14071340
https://doi.org/10.1084/jem.20061692
https://doi.org/10.1084/jem.20061692
https://doi.org/10.1152/physiolgenomics.00079.2018
https://doi.org/10.1016/S1474-4422(19)30356-4
https://doi.org/10.1016/S1474-4422(19)30356-4
https://doi.org/10.1053/j.gastro.2004.04.061
https://doi.org/10.1053/j.gastro.2004.04.061
https://doi.org/10.1186/s40001-023-01441-8
https://doi.org/10.1212/WNL.0000000000009816
https://doi.org/10.1016/j.trecan.2019.08.003
https://doi.org/10.1016/j.trecan.2019.08.003
https://doi.org/10.1155/2019/6071308
https://doi.org/10.1084/jem.20180448
https://doi.org/10.1016/j.bbadis.2013.08.011
https://doi.org/10.21037/atm.2018.01.10
https://doi.org/10.1097/HC9.0000000000000373
https://doi.org/10.1097/HC9.0000000000000373
https://doi.org/10.1016/j.microb.2023.100023
https://doi.org/10.1016/j.microb.2023.100023
https://doi.org/10.1080/2162402X.2019.1581531
https://doi.org/10.4110/in.2011.11.3.135
https://doi.org/10.3389/fgene.2022.976814
https://doi.org/10.1016/s0140-6736(80)92767-1
https://doi.org/10.3390/jcm9072042
https://doi.org/10.3389/fneur.2015.00232
https://doi.org/10.1186/s12876-020-01444-3


Drago et al. 10.3389/fmicb.2025.1540943

Frontiers in Microbiology 13 frontiersin.org

Huang, H., Zhao, T., Li, J., Shen, J., Xiao, R., and Ma, W. (2023). Gut microbiota 
regulation of inflammatory cytokines and microRNAs in diabetes-associated cognitive 
dysfunction. Appl. Microbiol. Biotechnol. 107, 7251–7267. doi: 10.1007/
s00253-023-12754-3

Hydbring, P., and Badalian-Very, G. (2013). Clinical applications of microRNAs. 
F1000Res 2:136. doi: 10.12688/f1000research.2-136.v1

Iliopoulos, D., Polytarchou, C., Hatziapostolou, M., Kottakis, F., Maroulakou, I. G., 
Struhl, K., et al. (2009). MicroRNAs differentially regulated by Akt isoforms control 
EMT and stem cell renewal in cancer cells. Sci. Signal. 2:ra62. doi: 10.3389/
fcimb.2023.1157918

Ionescu, R. F., Enache, R. M., Cretoiu, S. M., and Cretoiu, D. (2022). The interplay 
between gut microbiota and miRNAs in cardiovascular diseases. Front Cardiovasc Med. 
9:856901. doi: 10.3389/fcvm.2022.856901

Ji, Y., Li, X., Zhu, Y., Li, N., Zhang, N., and Niu, M. (2018). Faecal microRNA as a 
biomarker of the activity and prognosis of inflammatory bowel diseases. Biochem. 
Biophys. Res. Commun. 503, 2443–2450. doi: 10.1016/j.bbrc.2018.06.174

Jiang, Y., Li, S., Shi, R., Yin, W., Lv, W., Tian, T., et al. (2024). A novel bioswitchable 
miRNA mimic delivery system: therapeutic strategies upgraded from tetrahedral 
framework nucleic acid system for fibrotic disease treatment and Pyroptosis pathway 
inhibition. Adv Sci (Weinh). 11:e2305622. doi: 10.1002/advs.202305110

Kim, M. J., Kim, H. N., Jacobs, J. P., and Yang, H. J. (2024). Combined DNA 
methylation and gastric microbiome marker predicts Helicobacter pylori-negative gastric 
Cancer. Gut Liver. 18, 611–620. doi: 10.5009/gnl230348

Kim, H. J., Kim, N., Kim, H. W., Park, J. H., Shin, C. M., and Lee, D. H. (2021). 
Promising aberrant DNA methylation marker to predict gastric cancer development in 
individuals with family history and long-term effects of H. pylori eradication on DNA 
methylation. Gastric Cancer 24, 302–313. doi: 10.1007/s10120-020-01117-w

Kostic, A. D., Chun, E., Robertson, L., Glickman, J. N., Gallini, C. A., Michaud, M., 
et al. (2013). Fusobacterium nucleatum potentiates intestinal tumorigenesis and 
modulates the tumor-immune microenvironment. Cell Host Microbe 14, 207–215. doi: 
10.1016/j.chom.2013.07.007

Lee, I. A., Bae, E. A., Hyun, Y. J., and Kim, D. H. (2010). Dextran sulfate sodium and 
2,4,6-trinitrobenzene sulfonic acid induce lipid peroxidation by the proliferation of intestinal 
gram-negative bacteria in mice. J Inflamm (Lond). 7:7. doi: 10.1038/s41598-022-24773-7

Lee, R. W. Y., Corley, M. J., Pang, A., Arakaki, G., Abbott, L., Nishimoto, M., et al. 
(2018). A modified ketogenic gluten-free diet with MCT improves behavior in children 
with autism spectrum disorder. Physiol. Behav. 188, 205–211. doi: 10.1016/j.
physbeh.2018.02.006

Li, M., Chen, K., Chen, Y., Zhang, L., Cui, Y., Xiao, F., et al. (2024). Integrative analysis 
of gut microbiome and host transcriptome reveal novel molecular signatures in 
Hashimoto's thyroiditis. J. Transl. Med. 22:1045. doi: 10.3389/fneur.2020.00462

Li, P., Gao, Y., Ma, X., Zhou, S., Guo, Y., Xu, J., et al. (2022). Study on the Association 
of Dietary Fatty Acid Intake and Serum Lipid Profiles with Cognition in aged subjects 
with type 2 diabetes mellitus. Front. Aging Neurosci. 14:846132. doi: 10.3389/
fnagi.2022.1090665

Li, B., He, Y., Ma, J., Huang, P., Du, J., Cao, L., et al. (2019). Mild cognitive impairment 
has similar alterations as Alzheimer's disease in gut microbiota. Alzheimers Dement. 15, 
1357–1366. doi: 10.1515/revneuro-2020-0078

Li, L., Li, C., Lv, M., Hu, Q., Guo, L., and Xiong, D. (2020). Correlation between 
alterations of gut microbiota and miR-122-5p expression in patients with type 2 diabetes 
mellitus. Ann Transl Med. 8:1481. doi: 10.21037/atm-20-6717

Li, Q., Liang, J., Fu, N., Han, Y., and Qin, J. (2021). A ketogenic diet and the treatment 
of autism Spectrum disorder. Front. Pediatr. 9:650624. doi: 10.3389/fped.2021.776927

Li, X., Zhang, Y., Zhang, Y., Ding, J., Wu, K., and Fan, D. (2010). Survival prediction 
of gastric cancer by a seven-microRNA signature. Gut 59, 579–585. doi: 10.1136/
gut.2008.175497

Liu, Y. (2021). Effect of intestinal microbiota imbalance associated with chronic 
hepatitis B virus infection on the expression of microRNA-192 and GLP-1. Mol. Med. 
Rep. 24, 4–9. doi: 10.3892/mmr.2021.12301

Liu, S., da Cunha, A. P., Rezende, R. M., Cialic, R., Wei, Z., Bry, L., et al. (2016). The 
host shapes the gut microbiota via fecal MicroRNA. Cell Host Microbe 19, 32–43. doi: 
10.1016/j.chom.2015.12.005

Liu, Z., Dai, X., Zhang, H., Shi, R., Hui, Y., Jin, X., et al. (2020). Gut microbiota 
mediates intermittent-fasting alleviation of diabetes-induced cognitive impairment. Nat. 
Commun. 11:855. doi: 10.3389/fncel.2019.00545

Lloyd-Price, J., Arze, C., Ananthakrishnan, A. N., Schirmer, M., Avila-Pacheco, J., 
Poon, T. W., et al. (2019). Multi-omics of the gut microbial ecosystem in inflammatory 
bowel diseases. Nature 569, 655–662. doi: 10.1038/s41586-019-1237-9

Lu, L. F., Boldin, M. P., Chaudhry, A., Lin, L. L., Taganov, K. D., Hanada, T., et al. 
(2010). Function of miR-146a in controlling Treg cell-mediated regulation of Th1 
responses. Cell 142, 914–929. doi: 10.1016/j.cell.2010.08.012

Lukiw, W. J. (2016). Bacteroides fragilis lipopolysaccharide and inflammatory signaling 
in Alzheimer's disease. Front. Microbiol. 7:1544. doi: 10.3389/fmicb.2016.01544

Lukiw, W. J. (2020). microRNA-146a signaling in Alzheimer's disease (AD) and prion 
disease (PrD). Front. Neurol. 11:462. doi: 10.1038/s41598-017-02782-1

Lukiw, W. J., Li, W., Bond, T., and Zhao, Y. (2019). Facilitation of gastrointestinal (GI) 
tract microbiome-derived lipopolysaccharide (LPS) entry into human neurons by 
amyloid Beta-42 (Abeta42) peptide. Front. Cell. Neurosci. 13:545. doi: 10.3389/
fmicb.2017.01896

Lukiw, W. J., and Pogue, A. I. (2020). Vesicular transport of encapsulated 
microRNA between glial and neuronal cells. Int. J. Mol. Sci. 21, 6–12. doi: 10.3390/
ijms21145078

Lukiw, W. J., Surjyadipta, B., Dua, P., and Alexandrov, P. N. (2012). Common micro 
RNAs (miRNAs) target complement factor H (CFH) regulation in Alzheimer's disease 
(AD) and in age-related macular degeneration (AMD). Int J Biochem Mol Biol 3, 
105–116.

Lv, Y., Zhen, C., Liu, A., Hu, Y., Yang, G., Xu, C., et al. (2024). Profiles and interactions 
of gut microbiome and intestinal microRNAs in pediatric Crohn's disease. mSystems. 
9:e0078324. doi: 10.1128/msystems.00783-24

Mahesh, G., and Biswas, R. (2019). MicroRNA-155: a master regulator of 
inflammation. J. Interf. Cytokine Res. 39, 321–330. doi: 10.1089/jir.2018.0155

Maudet, C., Mano, M., and Eulalio, A. (2014). MicroRNAs in the interaction between 
host and bacterial pathogens. FEBS Lett. 588, 4140–4147. doi: 10.1016/j.
febslet.2014.08.002

Mirzakhani, M., Khalili, A., Shahbazi, M., Abediankenari, S., Ebrahimpour, S., and 
Mohammadnia-Afrouzi, M. (2020). Under-expression of microRNA-146a and 21 and 
their association with Crohn's disease. Indian J. Gastroenterol. 39, 405–410. doi: 10.1007/
s12664-020-01059-2

Moloney, G. M., Viola, M. F., Hoban, A. E., Dinan, T. G., and Cryan, J. F. (2018). Faecal 
microRNAs: indicators of imbalance at the host-microbe interface? Benefic. Microbes 9, 
175–183. doi: 10.3920/BM2017.0013

Monaghan, T. M., Seekatz, A. M., Markham, N. O., Hatziapostolou, M., Jilani, T., et al. 
(2021). Fecal microbiota transplantation for recurrent Clostridioides difficile infection 
associates with functional alterations in circulating microRNAs. Gastroenterology 161, 
255–70 e4. doi: 10.1053/j.gastro.2021.03.050

Monticolo, M., Mucha, K., and Foroncewicz, B. (2023). Lupus Nephritis and Dysbiosis. 
Biomedicine 11:4. doi: 10.1038/s41467-020-14676-4

Murali, S. K., and Mansell, T. J. (2024). Next generation probiotics: engineering live 
biotherapeutics. Biotechnol. Adv. 72:108336. doi: 10.1016/j.biotechadv.2024.108336

Nguyen, H. D., Oh, H., and Kim, M. S. (2022). Higher intakes of nutrients are linked 
with a lower risk of cardiovascular diseases, type 2 diabetes mellitus, arthritis, and 
depression among Korean adults. Nutr. Res. 100, 19–32. doi: 10.1016/j.nutres.2021.11.003

Nho, K., Kueider-Paisley, A., MahmoudianDehkordi, S., Arnold, M., Risacher, S. L., 
Louie, G., et al. (2019). Altered bile acid profile in mild cognitive impairment and 
Alzheimer's disease: relationship to neuroimaging and CSF biomarkers. Alzheimers 
Dement. 15, 232–244. doi: 10.1080/19490976.2022.2128604

Nilholm, C., Manoharan, L., Roth, B., D'Amato, M., and Ohlsson, B. (2022). A starch- 
and sucrose-reduced dietary intervention in irritable bowel syndrome patients produced 
a shift in gut microbiota composition along with changes in phylum, genus, and 
amplicon sequence variant abundances, without affecting the micro-RNA levels. United 
European Gastroenterol J 10, 363–375. doi: 10.1002/ueg2.12227

Olyaiee, A., Yadegar, A., Mirsamadi, E. S., Sadeghi, A., and Mirjalali, H. (2023). 
Profiling of the fecal microbiota and circulating microRNA-16 in IBS subjects with 
Blastocystis infection: a case-control study. Eur. J. Med. Res. 28:483. doi: 10.1186/
s12967-024-05876-3

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, C. D., 
et al. (2021). The PRISMA 2020 statement: an updated guideline for reporting systematic 
reviews. BMJ 372:n71. doi: 10.1136/bmj.n71

Pan, W., Zhang, Y., Zeng, C., Xu, F., Yan, J., and Weng, J. (2018). miR-192 is upregulated 
in T1DM, regulates pancreatic beta-cell development and inhibits insulin secretion 
through suppressing GLP-1 expression. Exp. Ther. Med. 16, 2717–2724. doi: 10.3892/
etm.2018.6453

Penas-Steinhardt, A., Barcos, L. S., Belforte, F. S., de Sereday, M., Vilarino, J., 
Gonzalez, C. D., et al. (2012). Functional characterization of TLR4 +3725 G/C 
polymorphism and association with protection against overweight. PLoS One 7:e50992. 
doi: 10.1371/journal.pone.0050992

Power, A. M., Talley, N. J., and Ford, A. C. (2013). Association between constipation 
and colorectal cancer: systematic review and meta-analysis of observational studies. Am. 
J. Gastroenterol. 108, 894–903. doi: 10.1038/ajg.2013.52

Rastegar-Moghaddam, S. H., Ebrahimzadeh-Bideskan, A., Shahba, S., Malvandi, A. M., 
and Mohammadipour, A. (2023). Roles of the miR-155  in Neuroinflammation and 
neurological disorders: a potent biological and therapeutic target. Cell. Mol. Neurobiol. 
43, 455–467. doi: 10.1007/s10571-022-01200-z

Rawat, K., Singh, N., Kumari, P., and Saha, L. (2021). A review on preventive role of 
ketogenic diet (KD) in CNS disorders from the gut microbiota perspective. Rev. 
Neurosci. 32, 143–157. doi: 10.3390/biomedicines11041165

Riaz Rajoka, M. S., Jin, M., Haobin, Z., Li, Q., Shao, D., Huang, Q., et al. (2018). Impact 
of dietary compounds on cancer-related gut microbiota and microRNA. Appl. Microbiol. 
Biotechnol. 102, 4291–4303. doi: 10.1007/s00253-018-8935-3

Rossi, R. L., Rossetti, G., Wenandy, L., Curti, S., Ripamonti, A., Bonnal, R. J., et al. 
(2011). Distinct microRNA signatures in human lymphocyte subsets and enforcement 

https://doi.org/10.3389/fmicb.2025.1540943
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1007/s00253-023-12754-3
https://doi.org/10.1007/s00253-023-12754-3
https://doi.org/10.12688/f1000research.2-136.v1
https://doi.org/10.3389/fcimb.2023.1157918
https://doi.org/10.3389/fcimb.2023.1157918
https://doi.org/10.3389/fcvm.2022.856901
https://doi.org/10.1016/j.bbrc.2018.06.174
https://doi.org/10.1002/advs.202305110
https://doi.org/10.5009/gnl230348
https://doi.org/10.1007/s10120-020-01117-w
https://doi.org/10.1016/j.chom.2013.07.007
https://doi.org/10.1038/s41598-022-24773-7
https://doi.org/10.1016/j.physbeh.2018.02.006
https://doi.org/10.1016/j.physbeh.2018.02.006
https://doi.org/10.3389/fneur.2020.00462
https://doi.org/10.3389/fnagi.2022.1090665
https://doi.org/10.3389/fnagi.2022.1090665
https://doi.org/10.1515/revneuro-2020-0078
https://doi.org/10.21037/atm-20-6717
https://doi.org/10.3389/fped.2021.776927
https://doi.org/10.1136/gut.2008.175497
https://doi.org/10.1136/gut.2008.175497
https://doi.org/10.3892/mmr.2021.12301
https://doi.org/10.1016/j.chom.2015.12.005
https://doi.org/10.3389/fncel.2019.00545
https://doi.org/10.1038/s41586-019-1237-9
https://doi.org/10.1016/j.cell.2010.08.012
https://doi.org/10.3389/fmicb.2016.01544
https://doi.org/10.1038/s41598-017-02782-1
https://doi.org/10.3389/fmicb.2017.01896
https://doi.org/10.3389/fmicb.2017.01896
https://doi.org/10.3390/ijms21145078
https://doi.org/10.3390/ijms21145078
https://doi.org/10.1128/msystems.00783-24
https://doi.org/10.1089/jir.2018.0155
https://doi.org/10.1016/j.febslet.2014.08.002
https://doi.org/10.1016/j.febslet.2014.08.002
https://doi.org/10.1007/s12664-020-01059-2
https://doi.org/10.1007/s12664-020-01059-2
https://doi.org/10.3920/BM2017.0013
https://doi.org/10.1053/j.gastro.2021.03.050
https://doi.org/10.1038/s41467-020-14676-4
https://doi.org/10.1016/j.biotechadv.2024.108336
https://doi.org/10.1016/j.nutres.2021.11.003
https://doi.org/10.1080/19490976.2022.2128604
https://doi.org/10.1002/ueg2.12227
https://doi.org/10.1186/s12967-024-05876-3
https://doi.org/10.1186/s12967-024-05876-3
https://doi.org/10.1136/bmj.n71
https://doi.org/10.3892/etm.2018.6453
https://doi.org/10.3892/etm.2018.6453
https://doi.org/10.1371/journal.pone.0050992
https://doi.org/10.1038/ajg.2013.52
https://doi.org/10.1007/s10571-022-01200-z
https://doi.org/10.3390/biomedicines11041165
https://doi.org/10.1007/s00253-018-8935-3


Drago et al. 10.3389/fmicb.2025.1540943

Frontiers in Microbiology 14 frontiersin.org

of the naive state in CD4+ T cells by the microRNA miR-125b. Nat. Immunol. 12, 
796–803. doi: 10.1038/ni.2057

Shen, Q., Huang, Z., Ma, L., Yao, J., Luo, T., Zhao, Y., et al. (2022). Extracellular vesicle 
miRNAs promote the intestinal microenvironment by interacting with microbes in 
colitis. Gut Microbes 14:2128604. doi: 10.1186/s13024-019-0333-5

Tarallo, S., Ferrero, G., De Filippis, F., Francavilla, A., Pasolli, E., Panero, V., et al. 
(2022). Stool microRNA profiles reflect different dietary and gut microbiome patterns 
in healthy individuals. Gut 71, 1302–1314. doi: 10.1136/gutjnl-2021-325168

Teng, Y., Ren, Y., Sayed, M., Hu, X., Lei, C., Kumar, A., et al. (2018). Plant-derived 
Exosomal MicroRNAs shape the gut microbiota. Cell Host Microbe 24, 637–52 e8. doi: 
10.1016/j.chom.2018.10.001

Treiber, T., Treiber, N., and Meister, G. (2019). Regulation of microRNA biogenesis 
and its crosstalk with other cellular pathways. Nat. Rev. Mol. Cell Biol. 20, 5–20. doi: 
10.1038/s41580-018-0059-1

Tsokos, G. C. (2011). Systemic lupus erythematosus. N. Engl. J. Med. 365, 2110–2121. 
doi: 10.1056/NEJMra1100359

Tsokos, G. C. (2020). Autoimmunity and organ damage in systemic lupus 
erythematosus. Nat. Immunol. 21, 605–614. doi: 10.1038/s41590-020-0677-6

Turpin, W., Espin-Garcia, O., Xu, W., Silverberg, M. S., Kevans, D., Smith, M. I., et al. 
(2016). Association of host genome with intestinal microbial composition in a large 
healthy cohort. Nat. Genet. 48, 1413–1417. doi: 10.1038/ng.3693

Ushijima, T., Nakajima, T., and Maekita, T. (2006). DNA methylation as a marker for 
the past and future. J. Gastroenterol. 41, 401–407. doi: 10.1007/s00535-006-1846-6

Viennois, E., Zhao, Y., Han, M. K., Xiao, B., Zhang, M., Prasad, M., et al. (2017). Serum 
miRNA signature diagnoses and discriminates murine colitis subtypes and predicts 
ulcerative colitis in humans. Sci. Rep. 7:2520. doi: 10.3389/fcvm.2023.1080982

Williams, M. R., Stedtfeld, R. D., Tiedje, J. M., and Hashsham, S. A. (2017). 
MicroRNAs-based inter-domain communication between the host and members of the 
gut microbiome. Front. Microbiol. 8:1896. doi: 10.3389/fmicb.2018.02559

Winter, J., Jung, S., Keller, S., Gregory, R. I., and Diederichs, S. (2009). Many roads to 
maturity: microRNA biogenesis pathways and their regulation. Nat. Cell Biol. 11, 
228–234. doi: 10.1038/ncb0309-228

Wortelboer, K., Bakker, G. J., Winkelmeijer, M., van Riel, N., Levin, E., Nieuwdorp, M., 
et al. (2022). Fecal microbiota transplantation as tool to study the interrelation between 
microbiota composition and miRNA expression. Microbiol. Res. 257:126972. doi: 
10.1016/j.micres.2022.126972

Xu, C., Fan, L., Lin, Y., Shen, W., Qi, Y., Zhang, Y., et al. (2021). Fusobacterium 
nucleatum promotes colorectal cancer metastasis through miR-1322/CCL20 axis and 
M2 polarization. Gut Microbes 13:1980347. doi: 10.1080/19490976.2021.1980347

Xue, Y., Xiao, H., Guo, S., Xu, B., Liao, Y., Wu, Y., et al. (2018). Indoleamine 
2,3-dioxygenase expression regulates the survival and proliferation of Fusobacterium 
nucleatum in THP-1-derived macrophages. Cell Death Dis. 9:355. doi: 10.1038/
s41419-018-0389-0

Yang, H. J., Kim, S. G., Lim, J. H., Choi, J. M., Kim, W. H., and Jung, H. C. (2018). 
Helicobacter pylori-induced modulation of the promoter methylation of Wnt antagonist genes 
in gastric carcinogenesis. Gastric Cancer 21, 237–248. doi: 10.1007/s10120-017-0741-6

Yang, P., Zhang, X., Xu, R., Adeel, K., Lu, X., Chen, M., et al. (2022). Fungal microbiota 
Dysbiosis and ecological alterations in gastric Cancer. Front. Microbiol. 13:889694. doi: 
10.3389/fmicb.2022.1082025

Yao, J., Yan, X., Li, Y., Chen, Y., Xiao, X., Zhou, S., et al. (2023). Altered gut 
microbial profile is associated with differentially expressed fecal microRNAs in 
patients with functional constipation. Front. Microbiol. 14:1323877. doi: 10.3389/
fmicb.2023.1323877

Yau, T. O., Tang, C. M., Harriss, E. K., Dickins, B., and Polytarchou, C. (2019). Faecal 
microRNAs as a non-invasive tool in the diagnosis of colonic adenomas and colorectal 
cancer: a meta-analysis. Sci. Rep. 9:9491. doi: 10.1038/s41598-019-45570-9

Yeruva, L., Mulakala, B. K., Rajasundaram, D., Gonzalez, S., Cabrera-Rubio, R., 
Martinez-Costa, C., et al. (2023). Human milk miRNAs associate to maternal dietary 
nutrients, milk microbiota, infant gut microbiota and growth. Clin. Nutr. 42, 2528–2539. 
doi: 10.1016/j.clnu.2023.10.011

Zhan, X., Stamova, B., Jin, L. W., DeCarli, C., Phinney, B., and Sharp, F. R. (2016). 
Gram-negative bacterial molecules associate with Alzheimer disease pathology. 
Neurology 87, 2324–2332. doi: 10.1212/WNL.0000000000003391

Zhang, Y., Lu, S., Yang, Y., Wang, Z., Wang, B., Zhang, B., et al. (2021). The diversity 
of gut microbiota in type 2 diabetes with or without cognitive impairment. Aging Clin. 
Exp. Res. 33, 589–601. doi: 10.1007/s40520-020-01553-9

Zhang, X., Wang, Y., Liu, W., Wang, T., Wang, L., Hao, L., et al. (2021). Diet quality, 
gut microbiota, and microRNAs associated with mild cognitive impairment in middle-
aged and elderly Chinese population. Am. J. Clin. Nutr. 114, 429–440. doi: 10.1093/
ajcn/nqab078

Zhao, Y., Jaber, V., and Lukiw, W. J. (2016). Over-expressed pathogenic miRNAs in 
Alzheimer's disease (AD) and prion disease (PrD) drive deficits in TREM2-mediated 
Abeta42 peptide clearance. Front. Aging Neurosci. 8:140. doi: 10.3389/fnagi.2016.00140

Zhao, Y., Sharfman, N. M., Jaber, V. R., and Lukiw, W. J. (2019). Down-regulation of essential 
synaptic components by GI-tract microbiome-derived lipopolysaccharide (LPS) in LPS-
treated human neuronal-glial (HNG) cells in primary culture: relevance to Alzheimer's disease 
(AD). Front. Cell. Neurosci. 13:314. doi: 10.3389/fncel.2019.00314

Zhou, Y., Zhang, Y., Jin, S., Lv, J., Li, M., and Feng, N. (2024). The gut microbiota 
derived metabolite trimethylamine N-oxide: its important role in cancer and other 
diseases. Biomed. Pharmacother. 177:117031. doi: 10.1016/j.biopha.2024.117031

https://doi.org/10.3389/fmicb.2025.1540943
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1038/ni.2057
https://doi.org/10.1186/s13024-019-0333-5
https://doi.org/10.1136/gutjnl-2021-325168
https://doi.org/10.1016/j.chom.2018.10.001
https://doi.org/10.1038/s41580-018-0059-1
https://doi.org/10.1056/NEJMra1100359
https://doi.org/10.1038/s41590-020-0677-6
https://doi.org/10.1038/ng.3693
https://doi.org/10.1007/s00535-006-1846-6
https://doi.org/10.3389/fcvm.2023.1080982
https://doi.org/10.3389/fmicb.2018.02559
https://doi.org/10.1038/ncb0309-228
https://doi.org/10.1016/j.micres.2022.126972
https://doi.org/10.1080/19490976.2021.1980347
https://doi.org/10.1038/s41419-018-0389-0
https://doi.org/10.1038/s41419-018-0389-0
https://doi.org/10.1007/s10120-017-0741-6
https://doi.org/10.3389/fmicb.2022.1082025
https://doi.org/10.3389/fmicb.2023.1323877
https://doi.org/10.3389/fmicb.2023.1323877
https://doi.org/10.1038/s41598-019-45570-9
https://doi.org/10.1016/j.clnu.2023.10.011
https://doi.org/10.1212/WNL.0000000000003391
https://doi.org/10.1007/s40520-020-01553-9
https://doi.org/10.1093/ajcn/nqab078
https://doi.org/10.1093/ajcn/nqab078
https://doi.org/10.3389/fnagi.2016.00140
https://doi.org/10.3389/fncel.2019.00314
https://doi.org/10.1016/j.biopha.2024.117031

	Systematic review of bidirectional interaction between gut microbiome, miRNAs, and human pathologies
	1 Introduction
	2 Materials and methods
	3 Interactions between gut microbiome and miRNAs in gastrointestinal diseases
	3.1 Crohn’s disease
	3.2 Gastrointestinal diseases
	3.3 Hepatitis B virus and miRNA regulation in diabetes mellitus

	4 Obesity
	5 Autoimmune diseases
	6 Cognitive disorders
	6.1 Diabetes-associated cognitive dysfunction
	6.2 Autism spectrum disorder
	6.3 Major depressive disorder
	6.4 Mild cognitive impairment

	7 Current advances and therapeutic approaches: human milk and fecal microbiota transplantation
	8 Future perspectives for cardiovascular disease
	9 Conclusion

	 References

