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Abstract: Myocardial fibrosis is the end-stage manifestation and main pathogenic factor of a
variety of cardiovascular diseases, such as coronary heart disease, myocardial infarction, and
heart failure. Immune and inflammatory processes play a decisive role in the pathogenesis of
myocardial fibrosis. Recent studies have demonstrated that gut microbiota plays a crucial role
in the pathogenesis and development of myocardial fibrosis. The dysregulation of gut
microbiota can lead to the transfer of microbial metabolites, such as short-chain fatty acids,
lipopolysaccharides, and trimethylamine oxide into the blood circulation. These metabolites
directly or indirectly induce immune responses to tissue damage and systemic activation of
inflammatory responses which then affect myocardial fibrosis. How to mitigate myocardial
fibrosis by modifying gut microbiota has become the focus of current research, and the
measures include dietary interventions, antibiotics, probiotics, prebiotics, and fecal microbiota
transplantation. This paper reviews the interactions of gut microbiota and its metabolites with
myocardial fibrosis and introduces the research progress in alleviating myocardial fibrosis by
modulating gut microbiota, providing new ideas for the treatment of myocardial fibrosis.
Keywords: myocardial fibrosis; gut microbiota; immune response; inflammation
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Table 1 Changes of gut microbiota and its metabolites in myocardial fibrosis related diseases
Types Changes in gut microbiota ~Changes in metabolites of  Effects on the heart References
gut microbiota
Heart failure Prevotellaceat SCFA| Abnormal production and absorption  [36-38]
Acidaminococcaceaet TMAO1? of microbial derived metabolites, such

Lachnospiraceae| LPS?t
Ruminococcaceae|
Bifidobacteriaceae|
Clostridium|

Dorea|

F. prausnitzii|
Oscillibacter sp. |
Syntrophomonadaceaet
Eubacteriaceaet
Dethiosulfovibrionaceaet
Megasphaerat
Desulfovibriot
Synergistetest

Alistipest
Faecalibacterium|
Roseburia|

Tyzzerella 3]
Lachnospiraceaet SCFA|
Enterobacteriaceaet LPS?t
Eubacteriaceaet TMAO?
Bifidobacteriaceaet

Prevotellaceae|

Oscillospiraceae|

Faecalibacterium|

Alistipes|

Akkermansia|

Myocardial SCFA]

infarction TMAO?

Atrial
fibrillation

as decreased butyrate, leads to
decreased anti-inflammatory effects
Elevated TMAO and LPS lead to
cardiac dysfunction in patients with
heart failure, stimulating the synthesis
of cardiac fibroblasts and collagen,
leading to adverse cardiac remodeling
Increased opportunistic pathogens and [31,39-40]
decreased probiotics, intestinal barrier
dysfunction, bacterial translocation,
and postischemic infections may
further contribute to systemic

inflammatory responses

High levels of TMAO may promote [41-44]
the formation of AF susceptible

substrates by promoting inflammation

and fibrosis in the left atrium

Imbalance of gut microbial function is
associated with an increased risk of
thromboembolism in AF, and

metabolic endotoxemia and chronic

inflammation may trigger AF

1: The increase in the abundance of gut microbes and the metabolites of gut microbiota in patients compared with healthy controls;
l: The decrease in the abundance of gut microbes as well as the metabolites of the gut microbiota in patients compared with

healthy controls.
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Figure 1 Mechanism overview of intestinal microbiota metabolites and myocardial fibrosis.
Lipopolysaccharide (LPS) binding to Toll-like receptor (TLR) activates various signaling pathways including
NOD-like receptor thermoprotein structural domain-related protein 3 (NLRP3) inflammatory vesicles, thereby
initiating inflammatory responses. Trimethylamine oxide (TMAO) activates the TGF-f receptor Smad 2
pathway, promotes Smad 2 phosphorylation, upregulates o-SMA and type I collagen expression and thus
promotes MF. Short-chain fatty acids (SCFA) stimulate the occurrence of G protein-coupled receptors (GPR41,
GPR43 and GPR109A), in which GPR43 and GPR109A binding stimulates K" efflux and hyperpolarization,
leading to increased interleukin (IL)-18 secretion; SCFA also inhibit histone deacetylase (HDAC) and nuclear
factor (NF-xB) activation and altered the expression of key genes, as well as downregulated the expression of
IL-1B, IL-6 and Egrl.
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