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Liver diseases, such as viral hepatitis, alcoholic hepatitis and cirrhosis, nonalcoholic steatohepatitis, and hepatocellular carcinoma place a heavy burden on many patients worldwide. However, the treatment of many liver diseases is currently insufficient, and the treatment may be associated with strong side effects. Therapies for liver diseases targeting the molecular and cellular levels that minimize adverse reactions and maximize therapeutic effects are in high demand. Immune cells are intimately involved in the occurrence, development, and prognosis of liver diseases. The immune response in the liver can be suppressed, leading to tolerance in homeostasis. When infection or tissue damage occurs, immunity in the liver is activated rapidly. As small membrane vesicles derived from diverse cells, exosomes carry multiple cargoes to exert their regulatory effects on recipient cells under physiological or pathological conditions. Exosomes from different immune cells exert different effects on liver diseases. This review describes the biology of exosomes and focuses on the effects of exosomes from different immune cells on pathogenesis, diagnosis, and prognosis and their therapeutic potential in liver diseases.
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Introduction

Liver diseases impose a heavy burden worldwide. Approximately 2 million people die from liver diseases annually worldwide, mostly due to viral hepatitis (VH), complications of liver cirrhosis and hepatocellular carcinoma (HCC). Cirrhosis ranks 11th among the most common causes of death worldwide, while liver cancer ranks 16th. The global prevalence of VH remains high, and drug-induced liver injury (DILI) increases persistently. In addition, alcohol and obesity account for a portion of patients with liver diseases (1). Current therapies for liver diseases are insufficient to a certain degree. Some patients have a poor response to the available therapies or experience strong side effects. Therefore, studies exploring the mechanisms of pathogenesis and new therapies for liver diseases are urgently needed.

Immune cells exert an important effect on the process of disease development in the liver. Many mechanisms may be involved, such as Toll-like receptor (TLR) signaling, molecular danger patterns, and inflammasome activation. For example, CX3CL1 (one chemokine) is secreted in some chronic liver diseases, such as alcoholic liver disease (ALD), autoimmune hepatitis (AIH) and primary biliary cirrhosis (PBC). CX3CL1 mediates intermediate CD14high CD16+ monocyte accumulation, leading to monocyte infiltration in the liver. Additionally, CD14high CD16+ macrophages secrete profibrogenic cytokines and activate collagen-producing stellate cells, which are associated with hepatic fibrogenesis (2).

Exosomes are nanometer-sized, lipid membranes-encapsulated particles derived from almost all types of cells that are present in many bodily fluids, which protects their cargoes from being degraded by enzymes in bodily fluids (3). Furthermore, exosomes transfer their cargoes between cells or different sites in the body, thus mediating intercellular communication under physiological and pathological conditions. Therefore, materials in exosomes remain stable and are comparatively ideal for detection as biomarkers or use in the development of new therapies. Exosomes have been widely investigated in liver diseases, including ischemia/reperfusion injury (IRI) (4), VH (5), ALD (6), nonalcoholic steatohepatitis (NASH) (7), liver fibrosis (8), and HCC (9). In liver diseases, exosomes either inhibit (4) or enhance (9) disease progression and may also play roles in other peocesses. For example, exosomes derived from immune cells have been studied in liver diseases. This review provides a simple overview of exosomes and then describes how immune cell-derived exosomes affect the pathogenesis of liver diseases (Table 1). Next, the review summarizes the effects of exosomes on pathogenesis, diagnosis and prognosis, providing a perspective on the therapeutic potential of exosomes derived from immune cells in liver diseases.


Table 1 | Summary of the effects of exosomes derived from immune cells on liver diseases.





Biogenesis and Functions of Exosomes

Extracellular vesicles (EVs) are divided into two major subtypes that are defined based on their biological pathways: microvesicles and exosomes (32–38). Microvesicles are generated by plasma membrane budding, while exosomes are generated after the fusion of multivesicular endosomes (MVEs) and the plasma membrane (32). Exosomes are nanosized vesicles with diameters ranging from ~30 to ~200 nm (39). They are secreted outside the cell and carry abundant proteins, lipids, and nucleic acids that vary in different cases. EVs target their recipient cells via their surface molecules. They trigger signaling through receptor-ligand interactions or after fusion with the plasma membrane or endocytosis/phagocytosis to release their cargoes into target cells, therefore modifying the physiological state of these target cells (40). Multiple cells release exosomes, and exosomes in the blood are mixed populations; thus, the different biogenesis pathways of exosomes in different states remain to be explored (Figure 1).




Figure 1 | Biogenesis and secretion of exosomes. Multivesicular bodies (MVBs) are formed by plasma membrane invagination followed by process in the rough endoplasmic reticulum (RER) and Golgi body. Then, some MVBs fuse with the plasma membrane to release small vesicles called exosomes to extracellular environment, while some MVBs fuse with lysosomes and are degraded. Exosomes carry abundant cargoes to target sites, such as proteins, lipids and RNAs. Exosomes affect target cells through ligand-receptor interactions, endocytosis or fusion with the plasma membrane of target cells. After an interaction with target cells, exosomes (along with their contents) alter some signaling pathways and target genes, change their expression levels in target cells, and transfer antiviral molecules or other substances into target cells. Thus, the disease condition is aggravated or alleviated. For example, exosomes transfer the CD11/CD18 protein from TAMs to HCC cells and activate the MMP-9 signaling pathway in HCC cells. Then, the migratory potential of HCC cells is increased.



Exosomes mediate cell-to-cell communication by delivering their cargoes to recipient cells or fusing with the plasma membrane, which potentially alters recipient cells signaling, gene expression, and overall function (41). For instance, immature dendritic cells (imDCs) transfer functional major histocompatibility complex MHC-peptide complexes to other DCs by secreting exosomes to activate the immune response (42). MicroRNAs are transferred unidirectionally from activated T cells to antigen-presenting cells via exosomes (43). As exosomes encapsulate therapeutic mRNAs, targeting peptides or other molecules, they are also widely used as vesicles for drug delivery (44). Hepatitis A virus (HAV) infection is mediated by exosome mimicry and a subsequent increase in content delivery from the exosomes of HAV-infected cells (45). Formed from the lipid bilayer membrane, exosomes protect their cargo from degradation by enzymes in the circulation, and thus that the detection of exosomal cargoes presents a potential method for disease diagnosis and estimation of the therapeutic effect of a specific drug (3, 46, 47), such as exosomal α-synuclein for Parkinson’s disease (48). Different mechanisms and pathways related to exosome uptake and the specificity of exosomes from certain cell types increase the complexity of their functions in intercellular communication (37, 49, 50).



Exosomes Derived From Immune Cells in Liver Diseases


Monocyte- and Macrophage-Derived Exosomes

Monocytes are thought to originate from hematopoietic stem cell-derived progenitors. They produce subsets of inflammatory DCs and macrophages after exiting blood vessels and entering tissues under inflammatory conditions. Their functions comprise antigen- presentation, tissue remodeling, and inflammatory cytokine production, among others (51, 52). Derived from monocytes, macrophages are generated after monocytes leave the vessels and enter connective tissue; these cells are characterized by increased numbers of lysosomes and enhanced phagocytic function when they are exposed to pro-inflammatory cytokines, local growth factors, and microbial products. Macrophages perform various functions: 1) phagocytosis of pathogens, dead cells and debris; 2) antigen presentation by exposing the processed antigen to MHC molecules; and 3) production of distinct types of cytokines, such as TNF‐α, IL-1, and IL‐6 (53, 54).


Acute Liver Injury

Acute liver injury (ALI) is induced by many factors, and a previous study investigated sepsis-induced liver injury. The study showed that some inflammation-associated proteins were upregulated in exosomes derived from LPS-induced macrophages, such as CCL3, CCL22, CXCL2, CXCL10, CD40, and TNF. Serum ALT, AST, and LDH levels were increased, and extensive inflammatory cell infiltration was observed in the livers of mice treated with these exosomes. Exosomes from LPS-induced macrophages were mainly taken up by hepatocytes and the NLRP3 signaling pathway was activated in hepatocytes, which are related to the process of sepsis-induced ALI. This communication between macrophages and hepatocytes mediated by exosomes may prompt us to identify macrophage exosomes as therapeutic targets for sepsis (11). Another study revealed that EVs derived from concanavalin A (Con A)-treated macrophages were taken up by macrophages and suppressed the production of inflammatory cytokines in EV-pretreated- Con A-stimulated macrophages. These EVs contained large amounts of mmu-miR-122-5p and mmu-miR-148a-3p. The mRNA levels of ROCK 1, a target gene of these two miRNAs, were significantly decreased by EV pretreatment. The ROCK 1 gene is related to the Rho/ROCK pathway, which regulates the production of inflammatory cytokines. These data showed the immunoregulatory role of macrophage-derived EVs in Con A-induced hepatitis (12).



Viral Hepatitis

Macrophage-derived exosomes transfer interferon-α (IFN-α)-induced anti-HBV activity to hepatocytes, and a study showed how exosomes enter hepatocytes to complete this delivery. They found that PtdSer (an apoptosis marker) was expressed on the outer membrane of macrophage-derived exosomes. A receptor of PtdSer, T cell immunoglobulin and mucin receptor 1 (TIM-1), uniquely mediated exosome internalization by hepatocytes. In this process, clathrin-mediated endocytosis and macropinocytosis collaborate to permit exosome entry. Then, membrane fusion of exosomes in late endosomes/multivesicular bodies occurred to release exosomal cargo for efficient delivery of IFN-α-induced anti-HBV activity (16). Antiviral molecules are also transferred from IFN-α-treated macrophages or liver sinusoidal cells to hepatocytes through the internalization of exosomes by hepatocytes and then reduce HBV replication in a hepatitis B model (5). Similarly, TLR3-activated macrophages delivered exosomes containing increased levels of anti-HCV miRNA‐29 family members. They were taken up by hepatocytes, and the replication of hepatitis C virus (HCV) was inhibited. Therefore, antiviral miRNAs were transferred from macrophages to hepatocytes, where an anti-HCV response was induced or HCV gene expression was targeted directly (17), which suggests a potential therapy for HCV. Another study determined that EVs from interferon-stimulated macrophages inhibit HCV replication and that this EV-mediated antiviral immune response was hindered by the presence of polyunsaturated fatty acids (55).



ALD and Nonalcoholic Fatty Liver Disease

In one study, an analysis of circulating EVs from the plasma of patients with alcoholic hepatitis (AH) showed increased numbers of EVs that contained large amounts of miR-27a compared with healthy people, which may imply the potential of exosomal miR-27a to serve as a diagnostic biomarker of AH. Additionally, alcohol-treated monocytes released EVs (mainly exosomes) in a concentration- and time-dependent manner, which contained large amounts of miR-27a. MiR-27a in EVs stimulates naïve monocytes to polarize into M2 macrophages and increases IL-10 and TGF-β release and phagocytosis activity by targeting CD206, suggesting its role in the pathogenesis of alcohol-associated liver diseases (10). In individuals with nonalcoholic fatty liver disease (NAFLD), miR-106b-5p is upregulated in exosomes derived from TREM2-(triggering receptor expressed on myeloid cells-2)-deficient macrophages. It blocks mitofusin 2 (Mfn2), which is important for mitochondrial fusion, thus impairing mitochondrial function and affecting the energy supply of hepatocytes. Finally, it promotes NAFLD progression and aggravates NAFLD-associated sepsis in vivo. This result suggests the pathogenic role of miR-106b-5p in NAFLD and the potential of TREM2 in precision treatment (18). Additionally, exosomes isolated from the supernatants of macrophages exposed to LPS induce a metainflammation phenomenon (56). Another study showed that EVs derived from macrophages correlated with the histological NAS (NAFLD activity score), which indicates the severity of NASH. Circulating macrophage-derived EVs may serve as novel biomarkers for the diagnosis and follow-up of NASH (57). Additionally, adipose tissue macrophages (ATMs) in obese mice were shown to release exosomes containing overexpressed miR-155. These exosomes are taken up by insulin target cells and cause cellular and systemic insulin resistance and glucose intolerance. These changes may be attributed to a mechanism most likely related to direct suppression of PPARγ, a target gene of miR-155. Furthermore, exosomes derived from ATMs in lean mice improved glucose tolerance and insulin sensitivity after administration to obese mice (58). The results of this trial may provide insights into new therapeutic options for metabolic liver diseases.



Liver Fibrosis

Macrophages stimulated with LPS also participate in the pathogenesis of hepatic fibrosis. A study reported higher miR‐103‐3p expression in circulating exosomes from patients with fibrotic stages S3-S4 than in exosomes from patients with early-stage disease, indicating that miR‐103‐3p from circulating exosomes may be a biomarker for the diagnosis and grading of hepatic fibrosis. A subsequent study reported that miR‐103‐3p, which is present at increased levels in exosomes from LPS‐treated THP‐1 macrophages, promotes the proliferation and activation of hepatic stellate cells (HSCs) by targeting the 3’UTR of Krüppel-like factor 4 (KLF4), thus exacerbating the progression of liver fibrosis (13). According to another study, IL-6 promotes the release of miR-223-enriched exosomes from palmitic acid (PA)-treated macrophages, which are transferred into hepatocytes and target transcriptional activator with PDZ-binding motif (TAZ) in hepatocytes. Thus, NASH fibrosis is inhibited. Therefore, myeloid-specific IL-6 signaling inhibits liver fibrosis by transferring antifibrotic miR-223 into hepatocytes via exosomes (14). Furthermore, hepatic macrophages switch from a profibrogenic to a pro-resolution phenotype through Nur77 (an orphan nuclear receptor) activation after treatment with relaxin. Then, these macrophages release exosomes containing miR-30a-5p that are taken up by activated HSCs (aHSCs). Moreover, miR-30a-5p suppresses apoptosis signal-regulating kinase 1 (ASK1) and activates peroxisome proliferator-activated receptor-γ (PPAR-γ), to promote the relaxin-mediated quiescence of aHSCs and leads to an antifibrotic effect on aHSCs. Based on the results, the authors developed lipid nanovesicles containing the relaxin gene and miR-30a-5p mimic, which preferentially targets aHSCs. The antifibrotic effect is enhanced on multiple liver fibrosis models (15). This strategy may provide a new idea for the potential therapy of liver fibrosis.



HCC

A previous study showed an increase in miR-92a-2-5p expression in exosomes from macrophages in liver cancer, which directly targets the 3’UTR of the androgen receptor (AR) mRNA to decrease its expression in liver cancer cells. A reduction in AR expression increases the invasion of liver cancer cells by altering PHLPP/p-AKT/β-catenin signaling (19). Another study found that exosomes derived from tumor-associated macrophages (TAMs) contain low levels of miR-125a and miR‐125b, which promote HCC cell proliferation, migration and stem cell properties by targeting CD90 (20). Additionally, miR-21-5p is upregulated in EVs derived from M2 macrophages and is transported into the liver tissue in mice. M2 macrophage-derived EVs are taken up by CD8+ T cells and facilitate CD8+ T cell exhaustion by targeting YOD1, which inactivates the YAP/β-catenin pathway. Thus, tumor progression in HCC mice is exacerbated through the miR-21-5p/YOD1/YAP/β-catenin axis (59). Moreover, THP-1-derived macrophages polarize into M2 macrophages after treatment with arsenite in a concentration-dependent manner. Then, miR-15b in EVs released by these macrophages is transferred into HCC cells and targets large tumor suppressor kinase 1 (LATS1) to regulate the Hippo pathway, thus increasing the proliferation, migration, and invasion of HCC cells (21). Similarly, EVs derived from M2 polarized tumor-associated macrophages (M2-TAMs) containing MIR17HG and miR-17-92 cluster components are taken up by HCC cells, which induce an imbalance in TGF-β1/BMP-7 pathways, thus enhancing HCC progression (22).




DC-Derived Exosomes

DCs are derived from bone marrow progenitors through lympho-myeloid hematopoiesis. DCs are divided into two types: mature DCs and immature DCs. Mature DCs induce and regulate the immune response to foreign antigens through their antigen capture and processing abilities, whereas imDCs induce self-tolerance. DCs, as well as their exosomes, are involved in many processes associated with transplantation, atherosclerosis, infectious diseases, autoimmune disorders and cancer (60–63). Exosomes derived from DCs carry MHC-peptide complexes, facilitating the effective activation of T cells. Other studies have shown EVs released from imDCs exert different effects on T cells (51, 64–69).


Non Neoplastic Liver Diseases

A previous study showed that a large quantity of exosomes is secreted by bone marrow-derived dendritic cells (BMDCs) exposed to supernatants from hypoxic and reoxygenated(H/R) primary hepatocytes. These exosomes carry HSP70 and are taken up by naïve T cells, which modulate the differentiation of Tregs and Th17 cells through the PI3K/mTOR axis. Modulation of the balance between Tregs and Th17 cells by BMDCs alleviates liver IRI. The injection of exosomes derived from BMDCs (DEXs) improves liver function in mice after IR. The data described above suggest the potential clinical application value of DEXs (23). In addition, exosomes from immature DCs (imDEXs) amplify Tregs both in vivo and in vitro. The amplified Tregs retain donor specificity and their regulatory ability. The administration of donor imDEXs combined with donor-specific Tregs decreases the levels of infiltrating cells and rejection symptoms in rat liver allografts and assists with the regeneration of recipient livers after experiencing slight acute rejection, thus prolonging liver allograft survival. This tolerance may be induced by imDEXs and donor-specific Tregs without the need for immunosuppressive agents, which might avoid the side effects of these suppressants. This finding may indicate the potential of imDEXs in clinical therapy (24).



HCC

DC-derived exosomes also play an important role in HCC. A previous experiment showed that microwave ablation combined with Dex enhances antitumor efficacy and significantly inhibits tumor growth, as well as improves the immune microenvironment compared with microwave ablation alone (70). Alpha fetoprotein (AFP) is an oncodevelopmental protein (71) and a clinical biomarker of HCC. AFP-expressing DC-derived exosomes (DEXAFP) promote strong antigen-specific immune responses that inhibit tumor growth and reshap the tumor microenvironment. The antitumor effect mediated by DEXAFP positively correlates with the ameliorated immune microenvironment in HCC mice, and T cells contribute to the antitumor function of DEXAFP. Based on these results, DEXAFP has potential clinical value for cancer immunotherapy as a novel class of vaccines. However, its application potential remains unclear. The process of DC maturation is dynamic in vivo; thus, extracted exosomes may be derived from a mixture of DCs with different levels of maturity. The dose and administration route of DEXAFP must be optimized in clinical practice. MHC I- and MHC II-restricted antigens of DEXs in patients may be inadequate to elicit tumor-targeted T cell responses, and the application of mutated neoepitopes of DEXs may be warranted. As research and development advance, DEXs might be used as a therapy in the near future (25, 72).




Natural Killer Cell and Neutrophil-Derived Exosomes

Natural killer (NK) cells are large granular lymphocytes that are components of the innate immune system and exert cytotoxic and cytokine-producing functions (73, 74). NK cells residing in different tissues display distinct phenotypic profiles and perform different functions (75). Neutrophils are presumed to be constituted of a population of homogeneous cells containing different subpopulations under physiological and pathological conditions. Neutrophils perform antimicrobial functions through degranulation, phagocytosis, reactive oxygen species release, and the production of antimicrobial proteins and neutrophil extracellular traps (NETs) (76, 77). NK cells and neutrophils, as well as their exosomes, are involved in many diseases, such as infection, inflammation and cancer (78–82).

NK cells have been confirmed to be involved in liver fibrosis (83–88). In a previous study, NK-Exos were taken up by HSCs after an incubation with NK-Exos and TGF-β1-treated HSCs. A remarkable reduction in the cell proliferation rate and expression of CoL1A1 and α-SMA was subsequently observed in HSCs, inhibiting the activation and proliferation of TGF-β1-treated HSCs. In mice, the administration of NK-Exos decreased the serum AST and ALT levels and alleviated CCl4-induced liver injury and fibrosis by decreasing the mRNA levels of profibrogenic genes. This result suggests that exosomes from NK cells may represent novel treatments for liver injury or fibrosis in the future (26). A subsequent study explored the mechanism underlying the effects of NK-Exos on liver fibrosis. Abundant miR-223 was present in NK-Exos. And NK-Exos attenuated TGF-β1-induced HSC activation by transferring miR-223 to suppress TGF-β1-induced autophagy by targeting and inhibiting ATG7 expression in HSCs (27).

Neutrophil infiltration around lipotoxic hepatocytes is one characteristic of NASH. A previous study showed that neutrophil-derived EVs are related to histological changes in NASH and the fibrosis stage (75). According to another study, hepatocytes assimilate EVs with abundant miR-223 from neutrophils through a mechanism that partially depends on the expression of apolipoprotein E (APOE) on EVs from neutrophils and low-density lipoprotein receptor (LDLR) on hepatocytes. The expression of hepatic inflammatory and fibrogenic genes is subsequently inhibited, thus ameliorating NASH. However, the lack of EV-derived miR-223 assimilation might accelerate NASH progression (from steatosis to NASH). The results described above suggest that the transport of miR-223-enriched EVs from neutrophils to hepatocytes with selective control by LDLR and APOE may be a potential therapy for NASH (28). Another experiment showed that miR-223-enriched EVs from neutrophils is absorbed by activated HSCs, thus increasing miR-223 levels in HSCs. Moreover, miR-223 inhibits HSC activation and proliferation by directly suppressing Gli2 and Pdgfra/b expression. In hepatocytes, miR-223 inhibits TAZ expression to decrease IHH secretion, inhibiting the Hedgehog signaling pathway in HSCs. Therefore, steatosis to NASH progression is hindered, and liver fibrosis is inhibited. This information may provide a new idea for the treatment of liver fibrosis (89).



T Cell- and B Cell-Derived Exosomes

T cells and B cells originate from progenitors in the bone marrow; then, T cells migrate to the thymus for maturation and selection and then move to the periphery, and B cells begin to develop in the bone marrow and functionally mature in secondary lymphoid tissue. T cells and B cells are the core of adaptive immunity, in which T cells mainly mediate cellular immunity and B cells mainly mediate humoral immunity by producing antibodies (90, 91). Exosomes from T cells affect the pathogenesis and therapeutic development of diseases (92, 93). The function of CD8+ T cells will gradually deteriorate when they are persistently exposed to antigens and/or inflammatory signals under the condition of chronic infection or cancer; this state is called exhaustion (94).

Exosomes released by exhausted CD8+ T cells are absorbed by nonexhausted CD8+ T cells and subsequently damage recipient cell function, thus impairing the anticancer function of normal CD8+ T cells (95). And exosomes derived from CD4+CD25+ Tregs inhibit CD8+ cytotoxic T cell proliferation and reduce their viability by downregulating the expression of the IFN-γ and perforin mRNAs in a concentration-dependent manner. The administration of exosomes from CD4+CD25+ Tregs prolongs survival after liver transplantation in an orthotopic liver transplantation (OLT) rat model (29).

An in vitro experiment showed that rituximab downregulates the level of miR-155 in exosomes derived from B cells. MiR-155 from B cells inhibits HCV replication in hepatocytes through exosome transmission. HCV replication activity is remarkably increased in replicon cells treated with exosomes derived from rituximab-treated B cells. Additionally, the serum level of miR-155 in exosomes decreased in HCV-infected patients with rheumatoid arthritis (RA) who were treated with rituximab, which may cause hepatitis C viremia (30). Another study used B cell-derived exosomes as vesicles to deliver miR-155 mimics or inhibitors, and treatment of RAW macrophages with miRNA-155 inhibitor-loaded exosomes led to a significant reduction in LPS-induced TNF-α production. This study reminds us of approaches designed to modify target molecules, suggesting the potential of B cell-derived exosomes as vectors for treatment (96).



Mast Cell-Derived Exosomes

Mast cells are derived from hematopoietic progenitors and contain granules that participate in allergic reactions mediated by IgE (97). Exosomes derived from monocytes and mast cells are involved in disease pathogenesis (98, 99).Treatment of mast cells (MCs) with HCV-E2 envelope glycoprotein (HCV-E2) promotes the secretion of exosomes. Exosomes transfer miR-490 to recipient HepG2 cells, and then the ERK1/2 pathway in HepG2 cells is inhibited. Transfection with antagomiR-490 downregulates the level of miR-490 in exosomes derived from MCs and recipient HepG2 cells and enhances the migration of HepG2 cells, indicating that miR-490 in MC-derived exosomes participates in regulating HepG2 cell migration (31) (Figure 2).




Figure 2 | Role of exosomes derived from immune cells in liver diseases. In the presence of some molecules, immune cells release exosomes carrying multiple cargoes to act on some cells in the liver, such as hepatocytes, HSCs and liver cancer cells, thus promoting the progression of (the red arrow) or alleviating (the blue arrow) some diseases in the liver. For instance, abundant miR-223 encapsulated in neutrophil-derived EVs can be taken up by both hepatocytes and active HSCs, thus ameliorating NASH and hindering steatosis to NASH progression. Additionally, miR-155 from B cells inhibits HCV replication in hepatocytes through exosome transmission.






Roles of Exosomes in Diagnosis, Prognosis and Therapy


Diagnosis

Many liver diseases are diagnosed based on their histological characteristics through a liver biopsy, which may increase the burden on patients. Thus, noninvasive markers for diagnosis are in high demand. Exosomes have been identified as potential diagnostic markers for many liver diseases. A study showed significantly increased exosomal miRNA-122a-5p levels in the circulation in a period following either acetaminophen or thioacetamide injury, which suggests its potential for use in the diagnosis of acute liver injury (ALI) induced by these drugs (100). Another study also indicated that exosomal miRNAs serve as potential biomarkers to detect drug-induced liver injury (DILI) (101). Significantly elevated miR-155 levels were detected in circulating exosomes from the sera of patients with AH compared with those of control subjects, implying its potential for use in the diagnosis of AH (102). Serum exosomal miR-103-3p levels are increased in patients with liver fibrosis. And serum exosomal miR-103-3p levels are also increased in patients with S1-S4 disease compared with patients with S0 disease. Additionally, patients with S3-S4 disease present higher miR-103-3p expression in serum exosomes than those from the hepatic fibrosis (HF) group in the early stage. The results suggest the role of serum exosomal miR-103-3p in the diagnosis and grading of liver fibrosis (13). Exosomes isolated from the plasma of patients with ALD-cirrhosis with or without HCC contained higher levels of miR-19b and miR-92 than those from healthy controls, suggest that miR-19b and miR-92 from plasma exosomes represent noninvasive biomarkers to detect acholic cirrhosis (103). Another study also suggested that miR-21-5p carried in EVs is a biomarker to detect HCC (104). Exosomes released from immune cells may also play a role in the diagnosis of liver diseases. As stated above, monocytes secreted more EVs after exposure to alcohol, and miRNA profiling revealed high miR-27a expression in these EVs. An analysis of circulating EVs from the plasma of patients with AH revealed more EVs with high levels of miR-27a than in healthy people. This result may show the potential role of exosomal miR-27a in the diagnosis of AH (10). Additionally, patients with chronic hepatitis C have increased levels of EVs derived from T cell and the levels correlate with disease severity. Patients with NAFLD have higher concentrations of EVs derived from T cells and monocytes than healthy controls, which suggests their potential diagnostic utility (105). And a study documented the presence of a possible vesicle-bound, macrophage-derived biomarker, EV-CD206, in plasma. A higher level of EV-CD206 was detected in the plasma of patients with alcoholic cirrhosis than in healthy controls, which may facilitate the diagnosis of cirrhosis (106).



Prognosis

Exosomes may also aid in determining the prognosis of patients with liver diseases. Lipotoxic hepatocytes release miR-192-5p-enriched exosomes, and the serum miR-192-5p level positively correlates with the progression of NAFLD. This finding suggests that serum exosomal miR-192-5p potentially represent a noninvasive biomarker for monitoring NASH (107). A study showed that a higher EV concentration (higher than 5.38 x 1011 EVs/ml) predicted a higher mortality risk in patients with AH (108). As stated above, serum exosomal miR-103-3p from macrophages also represent a potential biomarker for the progression of liver fibrosis (13). Another study also found that exosomal miR-155 is closely associated with the progression of cirrhosis and its expression gradually increases with the severity of hepatic necrosis and fibrosis (109). High lncRNA-ATB and miRNA-21 levels in circulating exosomes, together with high C-reactive protein levels and a large tumor size, are independent predictors of disease progression and mortality in patients with HCC; thus, these molecules may serve as prognostic biomarkers of HCC (110). Another study revealed a correlation between decreased miR-16 levels and the overall survival of patients with liver cirrhosis, and high exosomal miR-192 expression is related to shorter overall survival in all patients with HCC (111).

Although many studies suggest that exosomes may represent noninvasive biomarkers for many diseases (112, 113), the results of individual studies are inconsistent. Different methods of EV purification may contribute to this discrepancy (114). Exosomes can be purified using different methods, all of which have merits and limitations. For example, early detection of cancer is usually important for determining the prognosis of patients with cancer. However, this process requires the biomarker to be identified and reliable. Exosomes obtained using different methods may have different purities, quantities, qualities and vesicle integrity. Even the same method may produce different results when different parameters are used, which may lead to misleading results and conclusions of the downstream analyses (115). Another study also showed that the exosome-EV isolation method exerts a significant effect on the analysis of the miRNAs they capsulate, which would affect the use of exosomes as clinical biomarkers (116). Since many investigation methods have been used to detect exosomes, the sensitivity and specificity of the tests must also be determined under specific conditions.



Therapy

In addition to biomarkers for diagnosis and prognosis, exosomes also show potential in therapy. For instance, microRNAs were found to be enriched in exosomes from patients with HCV viremia and were associated with HCV-related immunopathogenesis. Direct-acting antiviral therapy markedly decrease their levels. Testing these microRNAs may reflect the response to treatment of patients with HCV (117). EVs have also been used for vaccine development, and the antigen presentation ability of DC-derived EVs to the immune system has been exploited in EV-based vaccinations (118). Although some clinical studies indicate the potential value of exosomes in clinical applications (119–121), more multicenter clinical trials are needed to validate their safety and efficacy and to lay the foundation for future clinical treatments. The possible functions of exosomes in liver disease therapy are described below.


Nonneoplastic Liver Diseases

Exosomes derived from immune cells may represent a possible treatment for many liver diseases. For example, treatment of obese mice with lean ATM-derived exosomes improves insulin resistance, which may inspire the development of insulin resistance therapy (58). As described above, exosomes produced by BMDCs transfer HSP70 to naïve T cells and alleviate liver IRI, as confirmed by injecting DEXs into mice with IR (23). Additionally, the transfer of miR-223-enriched EVs from neutrophils to hepatocytes can inhibits the expression of hepatic inflammatory and fibrogenic genes, thus ameliorating NASH. A lack of miR-223 may accelerate NASH progression (from steatosis to NASH, and vice versa). This finding also suggests a potential therapy for NASH (28). In addition, exosomes derived from NK cells transfer miR-223 to HSCs. Administration of these NK-Exos decreases the serum AST and ALT levels and alleviates CCl4-induced liver injury and fibrosis in mice (26, 27). Additionally, the utilization of donor imDEXs combined with donor-specific Tregs reduces the levels of infiltrating cells and rejection symptoms in liver allografts and collaboratively induce graft tolerance (24). Furthermore, some researchers developed lipid nanovesicles that encapsulate the relaxin gene and miR-30a-5p mimic based on the results of their own experiments, and these molecules preferentially target aHSCs in the fibrotic liver to finally alleviate liver fibrosis (15).



HCC

As a new class of vaccines for tumor immunotherapy, DEXs, such as AFP-enriched DEXs, induce a strong immune response with antigen specificity. A previous study showed that intravenous administration of exosomes from DEXAFP into MHC-matched C57BL6 mice effectively suppress tumor growth by triggering a strong antigen-specific immune response and reshaping the tumor microenvironment. Therefore, the survival rates of mice with HCC were prolonged (25). Based on these results, DEXAFP may be effective in patients with cancer, and we should explore the effect of DEXAFP on patients with HCC. In addition, some phase I and II clinical trials based on DEXs for cancer have been completed and many of those trials documented the safety of DEXs, suggesting their potential in the development of cancer therapy (122) (Figure 3).




Figure 3 | Potential of immune cell-derived exosomes in therapy. Administration of exosomes from some immune cells with or without other treatments alleviate disease condition in mice, such as ischemia/reperfusion injury, liver fibrosis and hepatocellular carcinoma. These results indicate the potential value of immune cell derived exosomes in clinical therapy.





Perspectives for Clinical Application

Formed by the lipid bilayer membrane, exosomes protect their cargo from degradation by enzymes in the circulation (47). Additionally, exosomes have their own advantages, such as biocompatibility, low immunogenicity, the ability to penetrate the blood-brain barrier and an absence of inherent toxicity, enabling exosomes to become drug delivery vesicles (123). The results of some studies described above have shown the treatment effect of exosomes on animal models, including liver fibrosis, liver IRI, HCC and others (15, 23, 25). One study even found that exosomes from macrophages penetrate the blood-brain barrier and deliver a protein to the mouse brain, which indicated the feasibility of exosomes for delivering various materials (124). Furthermore, some studies have developed nanoparticles that encapsulate some substances and deliver them to target sites/cells (15). In addition, some clinical trials are exploring the possible clinical applications of exosomes (122, 125). All these results showed that exosomes are a feasible treatment or drug delivery tool in the clinic.

However, many limitations for the clinical application of exosomes still exist. Most of the experimental data described above were obtained from animal models and in vitro experiments. Some study did not obtain consistent results from animal experiments and in vitro experiments (15). As stated above, many exosome isolation methods have been developed, but each has merits and limitations. We may obtain unsatisfactory results even from the〝gold standard〞method –ultracentrifugation, since the type, quantity and quality are highly sensitive to multiple parameters (115). In addition, efficiently loading molecules into exosomes and providing clinical grade exosomes on a large scale may be obstacles for the clinical application of exosome therapy (125, 126). Furthermore, the optimal dose, the appropriate time window for exosome administration and route of administration that achieves maximal efficacy without adverse effects must be determined (127). There are a few clinical trials that assess the efficacy of exosome therapy, but few are conducted in liver diseases (121, 125, 128). More research is needed to study exosomes safety and effectiveness for clinical application in the future, especially in liver diseases.





Conclusion

Exosomes are nanosized vesicles that mediate intercellular communication. Many immune cells produce exosomes that play a role in physiological and pathological conditions. Exosomes have been widely studied in various fields, and research investigating the role of exosomes derived from immune cells in liver diseases is gradually increasing. As described above, many clinical trials using DEXs as a therapy for cancer are in progress, such as those on non-small-cell lung cancer, advanced colorectal cancer and metastatic melanoma. Regarding liver diseases, many experiments have examined the effect of exosomes derived from immune cells on liver diseases. However, the mechanisms by which exosomes exert their effects on different disease states are not clear. Associated clinical trials on exosomes derived from immune cells are currently lacking. Moreover, the clinical application of exosomes is currently limited. From this perspective, the roles of exosomes derived from immune cells requires further investigation, especially those that have not yet been explored, and the identification of new biomarkers, such as exosomes and their cargoes, is warranted for the improved clinical treatment of liver diseases.
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