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Abstract: Noncoding RNAs, particularly microRNAs (miRNAs) and small interfering RNAs (siR-
NAs), have emerged as key players in the pathogenesis and therapeutic strategies for inflammatory
bowel disease (IBD). MiRNAs, small endogenous RNA molecules that silence target mRNAs to
regulate gene expression, are closely linked to immune responses and inflammatory pathways in IBD.
Notably, miR-21, miR-146a, and miR-155 are consistently upregulated in IBD, influencing immune
cell modulation, cytokine production, and the intestinal epithelial barrier. These miRNAs serve as
biomarkers for disease progression and severity, as well as therapeutic targets for controlling inflam-
mation. This comprehensive review highlights the intricate interplay between the gut microbiota,
fecal microbiota transplantation (FMT), and miRNA regulation. It concludes that microbiota and
FMT influence miRNA activity, presenting a promising avenue for personalized IBD treatment.

Keywords: IBD; miRNA; personalized treatment

1. Introduction

Fecal microbiota transplantation (FMT) is an emerging area of research for its potential
therapeutic benefits in inflammatory bowel diseases (IBD), such as Crohn’s disease and
ulcerative colitis. Recently, there has been a growing interest in exploring FMT as a type of
“vaccine” to modulate the immune system and maintain remission in IBD patients [1,2].

FMT involves transferring stool from a healthy donor into the gastrointestinal tract of
a patient. This process aims to restore a balanced microbial community in the recipient’s
gut, which can be disrupted in individuals with IBD. IBD is often associated with dysbiosis,
an imbalance in gut microbiota. FMT helps restore microbial diversity, which can enhance
the gut’s resilience against inflammation [3,4].

FMT may be considered a vaccine-like treatment line; the idea of using FMT as a
“vaccine” in IBD involves several key aspects, such as microbial diversity restoration and
immune modulation, and the most important result could be long-term remission [5–7].

FMT may represent a key therapy line and outline the concept of personalized
medicine; nowadays, research focuses on personalized FMT approaches, tailoring treat-
ments based on individual microbial profiles and specific disease characteristics. Moreover,
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FMT may be used in conjunction with other treatments, such as immunosuppression drugs
or biologics, to enhance therapeutic outcomes [7–15]. The gut microbiota plays a crucial
role in modulating the immune system. By introducing a healthy microbial community,
FMT can potentially downregulate inflammatory responses and promote immune toler-
ance. Like vaccines, which aim to provide long-term protection against diseases, FMT
aims to induce and maintain long-term remission in IBD patients by stabilizing the gut
environment [15–20].

Several studies and clinical trials are investigating the efficacy of FMT in IBD. Early
trials have shown that FMT can be safe and effective in inducing remission in some patients
with IBD, particularly those with ulcerative colitis. Research is ongoing to understand the
specific mechanisms through which FMT exerts its effects, including changes in microbial
composition, metabolite production, and immune regulation [8–10]. Identifying optimal
donor characteristics is crucial for the success of FMT. Donors are typically screened for a
wide range of pathogens to ensure safety [20–30]. Efforts are being made to standardize
FMT procedures, including donor screening, stool processing, and administration methods,
to ensure the consistency and reproducibility of results [30–35].

FMT holds promise as a novel, personal therapy for managing IBD by restoring
microbial balance and modulating the immune system. However, more research is needed
to fully understand its potential and to optimize its application in clinical practice. One
step towards understanding the importance of FMT in different disorders is to understand
its molecular mechanisms [35–47]. Fecal microbiota transplantation (FMT) has intriguing
implications for miRNA (microRNA) regulation, which can significantly influence the
psychophysiology and treatment outcomes of various diseases, including inflammatory
bowel diseases (IBD) [8–10]. MicroRNAs are small, noncoding RNAs that play a crucial
role in gene regulation by modulating the expression of target mRNAs. Here is how FMT
might affect miRNA regulation. The gut microbiota can affect the host’s miRNA expression
profiles. Changes in the gut microbial composition after FMT can lead to alterations in
the host’s miRNA expression, which in turn can impact various biological processes and
disease states [8–10,47–60].

Certain bacterial species in the gut have been shown to produce metabolites that can
modulate miRNA expression. For example, short-chain fatty acids (SCFAs) produced by
gut bacteria can influence the expression of miRNAs involved in inflammation and immune
response [11–13,60–70].

In IBD, dysbiosis is often associated with abnormal miRNA expression that promotes
inflammation. FMT can restore a healthy microbial balance, potentially normalizing miRNA
expression, reducing inflammation, and restoring normal miRNA levels to regulate the
immune system [20–30,71]. MiRNAs such as miR-155 and miR-146a are known to regulate
inflammatory pathways. By modulating the gut microbiota through FMT, the expres-
sion of these miRNAs can be adjusted, leading to altered inflammatory responses in the
gut [11–16,20–29].

This is the first review of literature that outlines the importance of molecular changes
that result after FMT in IBD and its possible clinical benefits for the treatment of IBD and
establishing long remission based on molecular modifications.

2. Materials and Methods

In this review on the fecal microbiota transplantation (FMT) interplay with miRNA in
inflammatory bowel disease (IBD), we conducted a comprehensive literature search across
multiple electronic databases, including PubMed, Scopus, and Web of Science. Searches
were conducted using relevant keywords such as “fecal microbiota transplantation”, “FMT”,
“miRNA”, “AMPs”, and “inflammatory bowel disease” in combination with terms like
“Crohn’s disease”, “ulcerative colitis”, and “gut microbiota”. Our review included studies
published in English between [insert years] and prioritized randomized controlled trials,
observational studies, and meta-analyses with human subjects. Studies were selected based
on predefined inclusion criteria, which encompassed research on the safety, efficacy, and
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mechanisms of FMT in IBD. Data extraction focused on participant characteristics, FMT
protocols, clinical outcomes, and microbiota-related changes.

The primary outcome of this review is to assess the importance of molecular treatments
in personalized therapeutic strategies in IBD based on miRNA regulation and intercon-
nections between miRNA and FMT. As far as we have researched in the current literature,
this is the only review that outlines possible connections between miRNA and FMT in
treating IBD.

2.1. MiRNA and AMPs Regulation in Fecal Microbiota Transplantation

Microbes in the gut can produce miRNA-like molecules that may directly interact with
the host’s cellular machinery, influencing gene expression [40]. FMT can induce epigenetic
changes, including DNA methylation and histone modification, which can affect miRNA
expression and thereby modulate gene regulation [40,61,72]. The gut microbiota plays a
crucial role in shaping the host’s immune system [71,72]. Changes in the microbial com-
munity through FMT can lead to the modulation of miRNAs that are involved in immune
cell differentiation and function [72]. Clinical implications are emphasized due to changes
in miRNA expression profiles after FMT, which can serve as biomarkers for treatment
response, helping to predict which patients are likely to benefit from FMT [5–7]. Interaction
between gut microbiota and miRNA expression highlights the potential for personalized
medicine approaches in IBD, where treatments are tailored based on individual microbiota
and miRNA profiles [73]. MiRNAs have multiple clinical benefits and are a target of new
research directions to elucidate the precise mechanisms by which FMT influences miRNA
expression and the downstream effects on gene regulation [11,20–25].

Investigating the long-term effects of FMT on miRNA regulation and the stability of
these changes over time is crucial for understanding its potential as a durable therapeutic
intervention. Exploring the synergistic effects of FMT combined with other treatments,
such as miRNA-based therapies or traditional IBD medications, could enhance therapeutic
outcomes [30–45].

Besides, targeted therapies such as monoclonal antibodies targeting specific cytokines or
cell surface molecules (e.g., TNF inhibitors like infliximab and adalimumab, IL-12/23 inhibitors
like ustekinumab) have transformed IBD treatment [71]. Genetic insights can help identify
which patients are more likely to respond to these biologics; other small molecule inhibitors
targeting intracellular signaling pathways (e.g., Janus kinase inhibitors like tofacitinib)
based on genetic profiles can provide another layer of precision in treatment [11].

Therapies for IBD based on genetic insights are paving the way for more personalized
and effective treatment strategies. By targeting specific genetic pathways and considering
individual genetic profiles, these approaches hold promise for improving the outcomes and
quality of life for patients with IBD [11,71]. The aim of this review is to identify potential
therapeutic benefits regarding molecular therapies like miRNA and the implications of FMT
in regulating the pathways and types of miRNAs and regulating antimicrobial peptides
(AMPs) [73,74].

We emphasize that this is the first review of literature that describes potential person-
alized therapies based on FMT, miRNAs, and AMP regulation. Also, an important outcome
of this review is to highlight the importance of FMT in inducing molecular changes and
improving gut microbiota.

Besides miRNA, FMT may also regulate antimicrobial peptides (AMPs) in IBD. AMPs
are crucial components of the innate immune system, playing a vital role in defending
against pathogens and maintaining intestinal homeostasis. In IBD, the secretion and func-
tion of AMPs are often disrupted, contributing to disease pathogenesis [72–74]. First of all,
defensins represent a major group of AMPs, with α-defensins produced by Paneth cells
in the small intestine and β-defensins produced by epithelial cells; the dysregulation of
AMPs is implicated in the development and progression of IBD [73,74]. In IBD, particularly
Crohn’s disease, there is a notable reduction in α-defensins, leading to impaired mucosal
barrier function and increased susceptibility to infections. Also, cathelicidin LL-37, the
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active form of cathelicidin, has antimicrobial and immunomodulatory functions; alter-
ations in LL-37 expression have been observed in IBD patients, potentially exacerbating
inflammation and barrier dysfunction [60–74].

Recent therapeutic approaches focus on restoring AMP levels through FMT, improving
human β-defensin, which has shown promise in increasing gut microbiota diversity and
improving experimental colitis in mice [72–74].

FMT may regulate miRNA and AMP secretion in the case of IBD, opening the path-
ways toward personalized molecular treatment [11,71–74].

FMT reestablishes a healthy gut microbial balance, which is crucial for the regulation
of AMP production. Microbiota-derived signals can influence epithelial cells and immune
cells, promoting the secretion of AMPs like defensins and LL-37 [73,74]. Additionally,
FMT can modulate other pathways that indirectly affect AMP levels, such as reducing
inflammation or enhancing mucosal healing, further stabilizing AMP activity [73–75].

Another molecular implication of FMT is represented by miRNA expression profiles,
which represent potential biomarkers for treatment efficacy, enabling predictions about
patient response to therapy. This aspect is particularly important for personalized medicine
approaches in IBD, where interventions are tailored based on individual microbiota and
miRNA signatures [73,75]. The ability to modulate miRNA through FMT underscores
its therapeutic promise, particularly when combined with other targeted therapies like
miRNA-based treatments or conventional IBD medications [76].

Fecal microbiota transplantation (FMT) plays a significant role in influencing host
molecular pathways, particularly through its effects on microRNA (miRNA) expression
and regulation in the context of inflammatory bowel disease (IBD) [72–74].

The gut microbiota, a critical component in maintaining intestinal and systemic home-
ostasis, can produce miRNA-like molecules that directly interact with the host’s cellular
processes, influencing gene expression. FMT-induced changes in gut microbiota composi-
tion can lead to epigenetic modifications, including DNA methylation and histone changes,
which in turn modulate miRNA profiles [71,72,75,76].

These miRNAs influence diverse cellular processes, including immune cell differenti-
ation and function, thus shaping the host’s immune responses. Research is increasingly
focused on understanding the durability of miRNA modulation following FMT and its
long-term implications for gene regulation and immune function. Combining FMT with
therapies such as monoclonal antibodies targeting specific cytokines (e.g., TNF inhibitors
like infliximab or IL-12/23 inhibitors like ustekinumab) or small molecule inhibitors of
intracellular pathways (e.g., Janus kinase inhibitors like tofacitinib) offers opportunities for
synergistic therapeutic outcomes [76]. By leveraging genetic and epigenetic insights, these
combinations could optimize treatment effectiveness and improve the quality of life for
patients with IBD [76].

Another crucial aspect that should be further studied is represented by the long-
term safety and potential immunogenicity of miRNA therapies, which need thorough
evaluation in clinical trials [11,76]. Also, the development and approval of miRNA-based
therapies involve rigorous regulatory oversight to ensure safety and efficacy. Table 1
highlights the interplay between antimicrobial peptides (AMPs) and microRNAs (miRNAs)
in inflammatory conditions, particularly inflammatory bowel disease (IBD) [60–76].

Table 1 illustrates how miRNAs can either upregulate or downregulate AMP expres-
sion, thereby influencing inflammatory pathways and the immune environment in the
gut. Some miRNAs (e.g., miR-21 and miR-155) tend to exacerbate inflammation, while
others (e.g., miR-146a and miR-223) play more regulatory roles, balancing AMP activity
and immune responses essential for gut homeostasis [71–79].
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Table 1. How AMPs and miRNAs regulate immune responses, inflammation, and gut homeostasis.

AMP miRNA Interplay Mechanism Role in IBD

LL-37 miR-21
[77]

miR-21 modulates LL-37
expression, affecting
inflammation levels

High levels of miR-21
correlate with reduced AMP
function, leading to elevated

inflammation

Defensins miR-146a
[78]

miR-146a controls the immune
response and can upregulate

defensins

Defensins help maintain
intestinal barrier, while

miR-146a limits excessive
inflammation

HBD-2 miR-155
[78]

miR-155 affects HBD-2
expression, enhancing

inflammatory response when
overexpressed

Elevated miR-155 correlates
with increased inflammation
and impaired AMP response

RegIIIγ miR-223
[79]

miR-223 regulates neutrophil
function and maintains gut

barrier by modulating RegIIIγ

Balances immune response,
supporting AMP activity in

intestinal integrity

Cathelicidins miR-122
[77]

miR-122 downregulation
supports cathelicidin function

in inflammation

Cathelicidins protect against
pathogens, while miR-122

modulation reduces fibrosis

2.2. Therapeutic Strategies Based on Molecular Therapies

Current research and clinical trials concerning miRNA are developing different thera-
peutic strategies regarding possible ways to regulate genes in IBD, and molecular treatments
in IBD could change. Various animal and human models of IBD are being used to test the
efficacy of miRNA-based therapies [60–77].

These studies are essential for understanding the therapeutic potential and mecha-
nisms of action; also, important clinical trials are focused on establishing the importance of
therapeutic strategies based on miRNA; some miRNA-based therapies are progressing to
early-phase clinical trials, evaluating their safety, tolerability, and preliminary efficacy in
IBD patients [77].

Preclinical studies are focused on exploring specific miRNAs like miR-21, miR-146a, miR-
155, and miR-223 for their roles in inflammation modulation and intestinal healing [77–79].

Animal models such as DSS (dextran sulfate sodium) and TNBS (2,4,6-
trinitrobenzenesulfonic acid) colitis are commonly used, with miRNA delivery methods
also being optimized through nanoparticle and liposomal technologies [77–79].

Early-phase clinical trials in humans are testing the safety, tolerability, and preliminary
efficacy of these therapies, with encouraging results in symptom reduction and immune
modulation observed; miRNA therapy offers a promising new avenue for the treatment
of IBD by targeting specific molecular pathways involved in inflammation and immune
regulation [60–79].

While still in the experimental stages, advancements in delivery technologies and a
better understanding of miRNA biology could make this approach viable for IBD manage-
ment [35–55].

In parallel, miR-146a knockout mice demonstrated resistance to the dextran sulfate
sodium (DSS)-induced colitis by inhibiting genes associated with the intestinal barrier.
Conversely, the overexpression of miR-146b conferred protection against DSS-induced
colitis by activating NF-κB signaling and enhancing epithelial barrier function [77–80].

Based on these findings, researchers investigated the administration of miR-146a via ex-
tracellular vesicles in rats with trinitrobenzene sulfonic acid (TNBS)-induced colitis [77–80].
This approach led to increased miR-146a expression in the colon, which alleviated colitis by
reducing inflammation through the MAPK and NF-κB signaling pathways. Additionally,
the oral administration of miR-146b-loaded nanoparticles protected miR-146b-deficient
mice from DSS-induced colitis [80].
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This protective effect was characterized by a decrease in the expression of proinflam-
matory cytokines IL-1β and TNF-α in M1 macrophages and an increase in M2 macrophages,
underscoring miR-146b’s role in promoting the transition from a proinflammatory M1 to
an anti-inflammatory M2 macrophage phenotype [80]. However, conflicting data have
emerged from studies showing that the suppression of miR-146a, either by a synthetic
inhibitor or through the oral administration of the antidiabetic drug vildagliptin, resulted
in the amelioration of experimentally induced colitis in rats [70–80].

A study showed that miR-146a knockout mice developed severe colitis, highlighting
its protective role in intestinal inflammation. Research demonstrated that increasing miR-
146a expression in mice could alleviate symptoms of experimental colitis, suggesting its
therapeutic potential. An animal study found that mice deficient in miR-155 had reduced
susceptibility to colitis, supporting its role in promoting inflammation [77–80].

Another study by Singh et al. showed that inhibiting miR-155 could reduce inflam-
matory responses in a mouse model of IBD, indicating that miR-155 antagonists might be
effective in treating IBD [81]. These findings suggest that targeting miRNAs could be a
promising strategy for developing new treatments for IBD. Similarly, modulating the levels
of specific miRNAs like miR-146a and miR-155 could help control the chronic inflammation
that characterizes this condition. However, further clinical studies are needed to translate
these findings into effective therapies [77–81].

Based on how FMT is involved in restoring gut homeostasis and its interplay in the
regulation of miRNA and AMPs, we can consider FMT a potential therapeutic tool that
regulates molecular changes in miRNAs [71–81].

A similar and natural way to modulate the microbiota and the molecular pathways is
represented by FMT. Transferring gut microbiota from a healthy donor may influence the
patient’s miRNA expression. By restoring a healthy microbial balance through FMT, the
expression of miRNAs involved in inflammation and immune regulation can be modulated.
Gut bacteria produce metabolites such as short-chain fatty acids (SCFAs) that can affect
miRNA expression. These metabolites can impact cellular processes and inflammatory
responses [55–60].

Another treatment direction is regulating the disturbance in AMP secretion associated
with IBD, which has opened up new perspectives of treatment with oral administration
of defensins as a promising therapeutic option. Specific modifications can enrich these
peptides in the mucus at different intestinal locations, protecting the epithelial layer from
bacteria in the lumen. Recent findings indicate that the oral delivery of human β-defensin
2 increases gut microbiota diversity and is effective in treating experimental colitis in
mice. The development of new therapeutic molecules targeting Crohn’s disease is ongoing,
though clinical use is still in its early stages [77–80].

The disturbance of antimicrobial peptides (AMPs) and microRNAs (miRNAs) in
Inflammatory Bowel Disease (IBD) has garnered significant interest due to their roles in
maintaining gut homeostasis and immune responses [77,78]. This review primarily assessed
to highlight the importance of FMT in IBD and its possible connection with molecular
changes. Another outcome of the review is to outline the importance of molecular and gene
therapy, recently studied, and present potential clinical benefits that could represent the
future personalized treatment of IBD.

A possible genetic treatment could be RNA Interference (RNAi), which can be used
to silence specific genes involved in the inflammatory response. This approach is being
explored for its potential to modulate gene expression in IBD [77–79]. Synthetically de-
signed miRNA mimics can restore the levels of beneficial miRNAs that are downregulated
in IBD, helping to suppress inflammation as antagomirs. These are chemically modified
RNA molecules designed to inhibit overexpressed, pathogenic miRNAs. For example, tar-
geting miR-155 or miR-21, known to promote inflammation in IBD, could mitigate disease
severity [77,78].

Identifying specific miRNA expression patterns in patients with IBD could guide per-
sonalized therapeutic strategies. Profiling could help classify the subtypes of IBD, predict
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disease progression, or monitor responses to treatment. Exploring the role of miRNAs
in individual genetic predispositions and epigenetic changes could tailor more effective
interventions [77,78]. Utilizing liposomes, polymer nanoparticles, or lipid nanoparticles to
ensure targeted delivery to intestinal tissues while protecting miRNAs from degradation
could present important clinical benefits to act as miRNA mimics; antagomirs, harnessing
natural exosomes as carriers for miRNAs could enhance delivery specificity and reduce
off-target effects [77–81]. Although these molecular therapies need further studies, high-
lighting their importance as potential therapeutic strategies and clinical benefits is very
important and could open new research pathways; moreover, miRNA-based therapies offer
a unique opportunity to modulate disease pathways with high specificity and minimal side
effects. However, further research and technological advances are necessary to translate
these innovations into viable treatments for IBD [77–84].

Table 2 summarizes the miRNAs that have been explored as treatments for inflamma-
tory bowel disease (IBD). These miRNAs can influence inflammation, immune modulation,
and tissue repair mechanisms, offering potential therapeutic avenues Table 3.

Table 2. Highlights of key miRNAs, their target genes, or pathways.

miRNA Associated with
IBD Type Target Genes/Pathways Role in IBD

miR-21

Crohn’s Disease
(CD), Ulcerative

Colitis (UC)
[81–83]

PDCD4, TLR4, STAT3,
IL-23

Promotes inflammation by enhancing
proinflammatory cytokines, involved in

immune response and epithelial integrity.

miR-155 CD, UC
[81–83] SHIP1, SOCS1

Enhances inflammation by modulating
immune cell activation and cytokine

production. Overexpressed in active IBD.

miR-223 CD, UC
[71,81] NLRP3, IL-1β

Regulates inflammation by modulating IL-1β
and IL-6; contributes to intestinal barrier

maintenance.

miR-146a CD, UC
[77–81] TRAF6, IRAK1, NF-κB

Anti-inflammatory role by targeting NF-κB
pathway components, regulates cytokine

release in immune cells.

miR-31 CD
[77]

Multiple targets,
epithelial integrity

Associated with gut epithelial integrity and
fibrosis regulation in the intestines. Increased

in active disease.

miR-122 UC
[77–81] MUC1

Implicated in mucus layer maintenance;
regulates epithelial cell differentiation and

mucus production.

miR-124 UC
[77–81] STAT3, IL-6, TNF-α Anti-inflammatory effects by targeting STAT3

and cytokine production pathways.

miR-375 UC
[77–81] JAK2/STAT3

Anti-inflammatory; regulates immune
response and epithelial healing.

Downregulated in active disease.

miR-199a CD
[77–81] NF-κB pathway

Reduces intestinal inflammation by targeting
NF-κB pathway, involved in immune

modulation.

miR-150 CD, UC
[77–81] c-Myb, AKT

Regulates immune cell function, particularly
T-cell responses; associated with

inflammation.

miR-29a UC
[77,84] IL-6, TNF-α, STAT3

Reduces proinflammatory cytokine
production; potential biomarker for UC

severity.

miR-192 UC
[84] TGF-β pathway Anti-inflammatory, contributes to

maintaining intestinal epithelial function.

miR-10a CD, UC
[77] IL-12/IL-23, NF-κB Modulates immune response, decreases

proinflammatory cytokine production.

miR-26a CD
[77,84] IL-6, IL-8 Downregulated in CD; linked to immune

modulation and epithelial repair.

These miRNAs are still under preclinical and early-stage clinical investigation. Current
studies emphasize targeted delivery systems to ensure they reach specific intestinal cells,
as well as minimize off-target effects and improve stability within the gastrointestinal
tract [71–84].
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Table 3. Therapeutic strategy in IBD.

miRNA Role in IBD Pathogenesis Therapeutic
Strategy Findings

miR-21

Upregulated in IBD, promotes
inflammation via immune

response regulation
[77,84]

Inhibition of
miR-21

Reduction in intestinal
inflammation, restoration

of immune balance

miR-155

Involved in proinflammatory
pathways, particularly in

macrophages
[71–84]

Inhibition of
miR-155

Decreased production of
proinflammatory

cytokines, improved
tissue repair

miR-146a

Regulates immune response and
inflammation, often

downregulated in IBD
[77,84]

Upregulation
via mimics

Reduction in
inflammation, enhanced

immune regulation

miR-122

Known for its role in liver
function but found relevant in

gut inflammation
[84]

Targeted
inhibition

Reduced fibrosis,
improved inflammation

response

Although, at the moment, there are very few studies regarding the importance of
FMT, miRNA, and AMPs in IBD, future research could be promising in establishing a
personalized treatment for patients with severe forms of IBD.

3. Conclusions

Fecal microbiota transplantation (FMT) is emerging as a promising therapeutic ap-
proach for regulating microRNAs (miRNAs) in inflammatory bowel diseases (IBD). MiR-
NAs are small, noncoding RNAs essential for gene expression regulation, and their dysreg-
ulation is closely linked to IBD. This review highlights the intricate relationship between
FMT, antimicrobial peptides (AMPs), and miRNAs in maintaining intestinal immunity and
homeostasis. MiRNAs can modulate AMP expression, and AMPs, in turn, can influence
miRNA activity, with FMT playing a pivotal role in regulating both. Understanding this
interplay is critical for developing holistic therapeutic strategies for IBD. Disruptions in
AMPs and miRNAs are integral to IBD pathogenesis, underscoring their interconnected
roles. Notably, FMT shows potential clinical benefits by restoring miRNA and AMP balance,
thereby aiding in mucosal barrier repair and immune response modulation. Targeting these
molecules through therapeutic interventions offers a promising avenue for improving IBD
outcomes. However, further research is needed to unravel their precise mechanisms and
translate these insights into effective treatments.

Author Contributions: Conceptualization, B.O., A.B., P.C., D.M.O., R.-F.C. and A.C.; software, R.-F.I.,
B.S. and S.A.; validation, G.B., S.F. and S.A.; formal analysis, B.S.; investigation, B.O., A.B. and D.M.O.;
resources, A.B.; writing—original draft preparation, R.-F.C. and R.-F.I.; writing—reviewing and
editing, H.D., B.S. and G.B.; visualization, A.C.; supervision, S.-R.F. and S.A.; project administration,
A.B. and P.C.; funding acquisition, B.S., S.-R.F. and P.C. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Ethics Committee in Scientific Research of the Lucian Blaga
University of Sibiu, approval code nr. 15, approval date 15 October 2022.

Conflicts of Interest: The authors declare no conflicts of interest.



Nutrients 2024, 16, 4411 9 of 12

References
1. Aggeletopoulou, I.; Mouzaki, A.; Thomopoulos, K.; Triantos, C. miRNA Molecules-Late Breaking Treatment for Inflammatory

Bowel Diseases? Int. J. Mol. Sci. 2023, 24, 2233. [CrossRef] [PubMed] [PubMed Central]
2. Innocenti, T.; Bigagli, E.; Lynch, E.N.; Galli, A.; Dragoni, G. MiRNA-Based Therapies for the Treatment of Inflammatory Bowel

Disease: What Are We Still Missing? Inflamm. Bowel Dis. 2022, 29, 308–323. [CrossRef] [PubMed]
3. Xiao, X.; Mao, X.; Chen, D.; Yu, B.; He, J.; Yan, H.; Wang, J. miRNAs Can Affect Intestinal Epithelial Barrier in Inflammatory

Bowel Disease. Front. Immunol. 2022, 13, 868229. [CrossRef] [PubMed] [PubMed Central]
4. Schoultz, I.; Keita, Å.V. Cellular and Molecular Therapeutic Targets in Inflammatory Bowel Disease-Focusing on Intestinal Barrier

Function. Cells 2019, 8, 193. [CrossRef] [PubMed] [PubMed Central]
5. Pekow, J.R.; Kwon, J.H. MicroRNAs in Inflammatory Bowel Disease. Inflamm. Bowel Dis. 2012, 18, 187–193. [CrossRef]
6. Tian, T.; Zhou, Y.; Feng, X.; Ye, S.; Wang, H.; Wu, W.; Tan, W.; Yu, C.; Hu, J.; Zheng, R.; et al. MicroRNA-16 is putatively involved

in the NF-κB pathway regulation in ulcerative colitis through adenosine A2a receptor (A2aAR) mRNA targeting. Sci. Rep. 2016, 6,
30824. [CrossRef]

7. Wortelboer, K.; Bakker, G.J.; Winkelmeijer, M.; van Riel, N.; Levin, E.; Nieuwdorp, M.; Herrema, H.; Davids, M. Fecal microbiota
transplantation as tool to study the interrelation between microbiota composition and miRNA expression. Microbiol. Res. 2022,
257, 126972. [CrossRef] [PubMed]

8. Wu, X.; Pan, S.; Luo, W.; Shen, Z.; Meng, X.; Xiao, M.; Tan, B.; Nie, K.; Tong, T.; Wang, X. Roseburia intestinalis-derived flagellin
ameliorates colitis by targeting miR-223-3p-mediated activation of NLRP3 inflammasome and pyroptosis. Mol. Med. Rep. 2020,
22, 2695–2704. [CrossRef]

9. Xiao, L.; Ma, X.X.; Luo, J.; Chung, H.K.; Kwon, M.S.; Yu, T.X.; Rao, J.N.; Kozar, R.; Gorospe, M.; Wang, J.Y. Circular RNA
CircHIPK3 Promotes Homeostasis of the Intestinal Epithelium by Reducing MicroRNA 29b Function. Gastroenterology 2021, 161,
1303–1317.e3. [CrossRef] [PubMed]

10. Yin, B.; Tian-Chu, H.; Ling-Fen, X. Protection by microRNA-7a-5p Antagomir Against Intestinal Mucosal Injury Related to the
JNK Pathway in TNBS-Induced Experimental Colitis. Turk. J. Gastroenterol. 2021, 32, 431–436. [CrossRef] [PubMed]

11. Yu, T.; Meng, F.; Xie, M.; Liu, H.; Zhang, L.; Chen, X. Long Noncoding RNA PMS2L2 Downregulates miR-24 through Methylation
to Suppress Cell Apoptosis in Ulcerative Colitis. Dig. Dis. 2021, 39, 467–476. [CrossRef]

12. Onisor, D.; Brusnic, O.; Banescu, C.; Carstea, C.; Sasaran, M.; Stoian, M.; Avram, C.; Boicean, A.; Boeriu, A.; Dobru, D. miR-155
and miR-21 as Diagnostic and Therapeutic Biomarkers for Ulcerative Colitis: There Is Still a Long Way to Go. Biomedicines 2024,
12, 1315. [CrossRef] [PubMed] [PubMed Central]

13. Ahmed Hassan, E.; El-Din Abd El-Rehim, A.S.; Mohammed Kholef, E.F.; Abd-Elgwad Elsewify, W. Potential role of plasma
miR-21 and miR-92a in distinguishing between irritable bowel syndrome, ulcerative colitis, and colorectal cancer. Gastroenterol.
Hepatol. Bed. Bench. 2020, 13, 147–154. [PubMed] [PubMed Central]

14. Iborra, M.; Bernuzzi, F.; Invernizzi, P.; Danese, S. MicroRNAs in autoimmunity and inflammatory bowel disease: Crucial
regulators in immune response. Autoimmun. Rev. 2012, 11, 305–314. [CrossRef]

15. Ma, L.; Hou, C.; Yang, H.; Chen, Q.; Lyu, W.; Wang, Z.; Wang, J.; Xiao, Y. Multi-omics analysis reveals the interaction of gut
microbiome and host microRNAs in ulcerative colitis. Ann. Med. 2023, 55, 2261477. [CrossRef]

16. Fu, Q.; Ma, X.; Li, S.; Shi, M.; Song, T.; Cui, J. New insights into the interactions between the gut microbiota and the inflammatory
response to ulcerative colitis in a mouse model of dextran sodium sulfate and possible mechanisms of action for treatment with
PE&AFWE. Anim. Model. Exp. Med. 2024, 7, 83–97. [CrossRef]
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