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Research progress in the relationship between gut
microbiota-derived extracellular vesicles and liver diseases

JIA Wenxin', WANG Lirui >

1 School of Basic Medicine and Clinical Pharmacy, China Pharmaceutical University, Nanjing 211112,
Jiangsu, China
2 Institute of Modern Biology, Nanjing University, Nanjing 210008, Jiangsu, China

Abstract: Extracellular vesicles (EVs) are a type of lipid bilayer membrane vesicles, which can
be secreted by a variety of cells. EVs as the key players of interkingdom crosstalk participate
in the transmission of signals between prokaryotes and eukaryotes to regulate biological
processes. In gut ecosystems, microbe-host communication usually does not involve direct cell
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contact. Microbiome-derived and host-derived EVs are key participants in such interkingdom
crosstalk. The gut-liver axis plays a bridging role in the interaction between gut microbiota
and the liver, that can modulate liver diseases including alcoholic fatty liver disease. Recent
studies have demonstrated that gut microbiota-derived EVs play a key role in liver diseases.
This article summarizes the research progress in gut microbiota-derived EVs, especially the
mechanism of EVs production, the contents of EVs, bacteria-host interaction and its role in

liver diseases.

Keywords: extracellular vesicles; gut-liver axis; gut microbiota; liver diseases
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Figure 1 Generation and release of extracellular vesicle in eukaryotic cells. During the biosynthesis of
exosomes, extracellular components such as proteins and cell membrane surface proteins are encapsulated by
cell membrane invaginations, forming a cup-shaped structure called early sorting endosome (ESE).
Subsequently, ESE gradually matures into late sorting endosomes (LSEs) under the action of endoplasmic
reticulum and Golgi apparatus, and LSEs membrane invaginates to form multiple intraluminal vesicles
(ILVs), and finally multivesicular bodies (MVBs). After the plasma membrane and MVBs fuse with each
other, ILVs become exosomes with a diameter of 50—150 nm and are released outside the cell. Cytoskeletal
proteins such as actin are involved in the formation of exosomes. Microvesicles directly bud from the plasma
membrane under the action of the skeleton protein myosin-II and cortical actin, and are released to the
outside of the cell.
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Figure 2 Different extracellular vesicle production processes in prokaryotic cells. A, B and C are three
models of bacterial outer membrane vesicles (OMVs) produced by Gram-negative bacteria. A: Lipoprotein
(Lpp) and the ability to form crosslinks between peptidoglycan (PG) is affected by peptidoglycan
endopeptidases or other factors. In regions of low Lpp-PG crosslinking, increased membrane fluidity leads to
increased OMVs production. B: Pseudomonas quinolone signal (PQS) interacts with lipid A of the outer
leaflet of the outer membrane, increasing membrane curvature, resulting in Formation of OMVs. C: Areas
where misfolded proteins or envelope components such as lipopolysaccharide (LPS) or PG fragments
accumulate, causing cross-links to be destroyed and swelling pressure increased, which promotes the
expansion of this outer membrane area, resulting in increased OMVs production. D: Endolysins degrade the
thick peptidoglycan wall of Gram-positive bacteria and create pores in the cell wall, which in turn cause the

plasma membrane to protrude from these pores and spontaneously transform into bacterial EVs, triggering
“bubble cell death”, but the underlying mechanism remains unclear.
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Table 1 Composition of each extracelluar vesicles

Type Position Composition Function References

Exosomes Member Tetraspanins: CD9, CD81, CD63, CD53 Membrane organisers [53]
Annexin V, lactadherin Cell adhesion [3]
RAB, GTPases, annexins Intracellular trafficking [54]
A33, EpCAM, CDllc Cell-type-specific proteins [55-56]

Lumen Elongation factors, GAPDH Enzymes [3]

Protein kinases, G proteins Signal transduction [3]
ALIX, TSG101, syntenin-1 Biogenesis factors [53]
HSP70, HSP90 Chaperones [57]
microRNA and other non-coding RNAs, mRNA, DNA  Nucleic acids [58]

Outer Member B-lactamase, OprF, PonA Antibiotic resistance [50,59]

membrane LPS, PQS, peptidoglycan Biogenesis factors [59]

vesicles Adhesin/Lnvasin, OmpA, OmpC, OmpF Bacteria adhesion and invasion [43]
Cytolysin A, protease cholera toxin, shiga toxin Host cell modulation [60]
EstA, FIgE, OprF, OprG Host-bacteria interaction [50]

Lumen Periplasmic proteins alkaline phosphatase, AcrA Virulence factor delivery [48]

Endopeptidase L5, peptidoglycan hydrolase Enzymes [8]
DNA, degP Biofilm formation [59]

Membrane Member Lipoteichoic acid (LTA) [61]

vesicles B-lactamase, penicillin-binding proteins: PBP1 Antibiotic resistance [62-63]
InlB, 1gG-binding protein Sbl, protective antigen, lethal =~ Virulence factor Delivery [38]

factor
Plasma-binding proteins, staphopain A

Bacteria adhesion and Invasion [38]

a-hemolysin, proteolysin, B2 toxin, superantigens: Host cell modulation [38]
SSaAl, SSaA2

Lumen DNA, RNA (including mRNA, rRNA, sRNA, and tRNA) Bacterial communities [60]
Lipoprotein (MalX), transmembrane Protein (PspA), Toxin [52]

pneumolysin

Dehydrogenase, DNA polymerases, tRNA synthetases

Metabolism associated [31,38]

GAPDH: HliEE-3-BEm bt SR ; ALIX: ALG-2 HHEAEHIEN X5 TSG101: JiE 5 2L 101 & H; RAB: RAS-HIX
HH; LPS: JRZHE; PQS: MEiAMHZSEA A (55 ; OmpA: SMEER A

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; ALIX: ALG-2 interacting protein X; TSG101: Tumour susceptibility
gene 101 protein; RAB: RAS-related protein; LPS: Lipopolysaccharides; PQS: Pseudomonas quinolone signal; OmpA: Outer

membrane protein A.
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Figure 3 The role of gut microbiota-derived extracellular vesicles in liver disease. Alcohol, various
lipotoxicity, or drug damage stimulate intestinal bacteria to secrete extracellular vesicles (EVs), which can
inhibit the expression of intestinal epithelial cell tight junction proteins such as ZO-1 and increase intestinal
permeability. EVs pass through the highly permeable intestinal lumen and enter the liver through the hepatic
portal vein. The released EVs are enriched in various molecules (miRNAs, proteins, DNA) and exert effects
on several hepatocyte types in the liver. They can activate hepatic stellate cells and promote fibrotic
deposition. They are taken up by monocytes, macrophages, and liver endothelial cells, resulting in increased
liver inflammation overall. Importantly, hepatic lipid accumulation can also be induced by gut-derived EVs.
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