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Chapter 6
Extracellular Vesicles  
in Alcoholic Liver Injury

Akiko Eguchi and Yoshiyuki Takei

Abstract Alcoholic liver disease (ALD) is one of the most common forms of 
chronic liver disease in the world; it is a major cause of chronic illness and mortality 
associated with alcohol over-consumption. ALD represents a broad spectrum of 
liver injury, such as hepatocyte cell death, liver inflammation, angiogenesis, and 
fibrosis leading to cirrhosis and hepatocellular carcinoma. Chronic ethanol con-
sumption results in hepatic lipid accumulation and increases cell stress, which leads 
to inflammation and liver injury during the progression of ALD. It has been shown 
that crosstalk between hepatocytes and non-parenchymal cells is significantly 
important. The identifying factors that communicate stress signals from hepato-
cytes, and may initiate and perpetuate the inflammatory reaction responsible for 
liver injury and disease progression from steatohepatitis to cirrhosis may have a 
tremendous biomedical impact. Furthermore, the elucidation of these molecular 
mechanisms of crosstalk may allow for the identification of an individualized thera-
peutic approach in the treatment of patients with different stages of ALD and for the 
development of biomarkers to diagnose ALD progression. Recently, extracellular 
vesicles (EVs) have been identified as cell-to-cell communicators, the cellular con-
tents of which contain proteins, lipids, and RNAs from stressed/activated cells and 
transfer this cellular payload to target cells. In this chapter, we will focus on current 
reports of EV function, how they are involved in the molecular pathogenesis of 
ALD, and EV biomarkers using EV composition.
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6.1  Introduction

6.1.1  Alcoholic Liver Injury

Alcoholic liver disease (ALD) is the common cause of chronic liver disease in the 
world [1]. ALD represents a wide spectrum of liver injury ranging from alcoholic 
steatosis, alcoholic steatohepatitis (ASH), cirrhosis to liver failure and hepatocel-
lular carcinoma [2]. In the process of ALD progression, hepatocyte damage, 
inflammation, fibrosis, and angiogenesis are key events and are closely intercon-
nected [3], suggesting that multiple-hits involve in the progression of ALD. Current 
growing evidences show that extracellular vesicles (EVs) releasing from damaged 
hepatocytes or non-parenchymal cells contribute to the progression of liver dis-
eases through activation of target cells, such as hepatic stellate cells and hepatic 
macrophages [4, 5]. Furthermore, EV composition, such as proteins and microR-
NAs (miRNAs), can be used to identify the degree of liver diseases including ALD/
ASH [4, 6].

6.1.2  Extracellular Vesicles (EVs)

EVs are released from various cell types with their cell contents, such as proteins, 
non-coding RNAs, and lipids, in a highly regulated manner and circulated into the 
blood with high stability. Circulating EV levels are increased in many diseases due 
to up-regulation of EV release from damaged and activated cells, thus EVs includ-
ing EV compositions will be able to use for biomarkers [7]. EVs are mainly catego-
rized as exosomes or microparticles (MPs)/microvesicles. Exosomes are enclosed 
in the multi-vesicle body (MVB) and released from the cells in the endosomal path-
way, whereas MPs are budded from the plasma membrane. Traditionally, their size 
was defined below 100–150 nm for exosomes and around 200–500 nm for MPs, but 
small vesicles (~100 nm) were identified as budding form as same as MPs [8]. As 
larger than nano-size, apoptotic bodies (above 1 μm) and oncosomes (1–10 μm) 
from cancer cells, which are budded from the plasma membrane, are also catego-
rized in EVs [9]. In the molecular content, some of their composition may be differ-
ent, CD63 for exosomes and annexin V for MPs, but traditionally identified 
molecules, such as CD81, CD9, or TSG101, are contained both in exosomes and 
MPs [8]. Lacking a clear categorization of EV type by size and contents, a new 
system of nomenclature has been proposed for studies lacking a detailed analysis of 
EV biogenesis whereby vesicles are grouped into one of two categories, small EVs 
or large EVs [9]. Notably, EVs are efficiently internalized into target cells and the 
subsequent transferring of their molecular composition, such as proteins, non- 
coding RNAs including microRNAs (miRNAs), messenger RNAs (mRNAs), DNA, 
and lipids, is a key mechanism by which EVs modulate cell signaling in target cells 
[8, 9], so called cell-to-cell communication. For instance, ligands on EVs bind to 
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their specific receptor on the target cells and release encapsulated miRNAs, which 
in turn bind to target cell mRNA, thus altering the cell signaling pathway via trans-
lational suppression [10].

6.2  The Mechanism of EV Release and the Role  
of EVs in ALD/ASH

Circulating EV levels were increased in both animal models of ALD and human 
ALD patients. The source of the EVs was identified using EV composition, such as 
asialoglycoprotein receptor 1 (ASGPR1), vanin-1, and miR-122, which would indi-
cate that a portion of the circulating EVs were derived from hepatocytes [4]. 
Supporting evidence that the liver releases hepatocyte-derived EVs (Hep-EVs) was 
directly confirmed when large quantities of EVs were found to be released from 
damaged hepatocytes isolated from alcoholic steatohepatitis (ASH) mice compared 
to control-diet mice [11]. Non-parenchymal cells also release EVs in ALD that are 
circulated in the blood. Liver EVs derived from hepatocytes and non-parenchymal 
cells contribute to the progression of ALD.

6.2.1  Hepatocyte-Derived Extracellular Vesicles (Hep-EVs)

Various pathways, including the activation of caspase and pho-kinase, as well as ER 
stress are involved in Hep-EV release [4, 11], resulting in Hep-EVs containing 
damage- associated cellular molecules, such as proteins, ligands, miRNAs, and 
mtDNAs, used in the activation of target cells (Fig. 6.1).

A significant amount of Hep-EVs, which contained CD40 ligand (CD40L), were 
released in a caspase-3-dependent-manner from HepG2 cells treated with EtOH and 
overexpressing cytochrome P450 2E1, which is related to ethanol metabolism [12]. 
CD40L containing Hep-EVs activated macrophages to the M1 type inflammatory 
phenotype through the activation of ERK, whereas Hep-EV macrophage activation 
was attenuated using a CD40L-specific antibody. In a chronic Lieber-DeCarli diet 
plus single binge ethanol feeding model, wild-type mice receiving a pan-caspase/
Rho kinase inhibitor or with a genetic deletion of either CD40 (CD40−/−) or the 
caspase-activating tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) 
receptor (TR−/−) were protected from ethanol induced liver injury due to the attenu-
ation of macrophage infiltration. Macrophage activation with Hep-EVs was also 
observed in a different experimental model that isolated hepatocytes from an intra- 
gastric infusion model of ASH, which significantly released Hep-EVs in a caspase 
3-dependent-manner and these Hep-EVs were internalized and activated primary 
hepatic macrophages into the inflammatory M1 type [11, 13]. In the chronic Lieber- 
DeCarli diet-plus single binge ethanol feeding model, mtDNA-enriched circulating 
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EVs were increased associated with the activation of hepatic ER stress and inflam-
matory responses, particularly the inflammasome [14]. Hepatocytes were the main 
source of mtDNA-enriched EVs, since mtDNA-enriched EVs were decreased in a 
hepatocyte-specific deletion of the protein kinase RNA-like ER kinase (Perk) gene 
in mice. mtDNA-enriched circulating EV levels, and the degree of neutrophil infil-
tration in the liver, were attenuated in transcriptional factor C/EBP homologous 
protein (Chop) KO mice, Jun-amino-terminal kinase 2 (JNK2) KO mice, or caspase-
 1 inhibitor treated mice, which is an ER stress-related gene, an ER stress- associated 
protein, or an inflammasome-associated gene, respectively. In an in vivo transfer EV 
assay, chronic ethanol fed mice injected with mtDNA-enriched  circulating EVs 
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Fig. 6.1 Hepatocyte-derived EVs are cell-to-cell communicators for the progression of 
ALD. Hepatocyte-derived EVs (Hep-EVs), exosomes and microparticles, released from damaged 
hepatocytes activate target cells (hepatic macrophages, monocytes, neutrophils) via cell-to-cell 
communication. Hep-EVs contain unique molecular cargo, such as proteins and miRNAs, that 
reflects cellular damage/stress and this cargo modulates the activation of target cells
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induced neutrophilic inflammation through TLR9 activation. In chronic ethanol fed 
(Lieber-DeCarli diet) mice, which delivers a more mild liver pathology compared to 
the Lieber-DeCarli plus binge feeding model, circulating EVs (Hep- EVs plus other 
EVs) from ALD (ALD-EVs) were internalized via an in vivo transfer EV assay into 
the hepatocytes and Kupffer cells (KCs) of naïve mice which induced an increase of 
MCP-1 mRNA levels in hepatocytes and elevated inflammatory M1 type KCs and 
infiltrating monocytes [15]. Heat shock protein 90 (Hsp90) was highly enriched in 
ALD-EVs, as assessed by mass spectrometry analysis, and contributed to RAW 
macrophage activation associated with TNFα elevation. Conversely, macrophage 
activation was suppressed in RAW cells treated with a competitive inhibitor of 
Hsp90 plus ALD-EVs. These results suggest that Hep-EVs are an Hsp90 carrier and 
are involved in macrophage activation, since Hsp90 is a key player in macrophage 
activation as the literature has shown [16].

6.2.2  Non-parenchymal Cell-Derived Extracellular Vesicles

Hep-EVs from damaged hepatocytes were the major source of EVs in ASH mice 
(intra-gastric EtOH infusion), but non-parenchymal cells, such as hepatic macro-
phages, also released EVs associated with liver injury [11]. Indeed, alcohol-exposed 
monocytes, human primary monocytes, and THP-1 monocytic cells released miR- 
27a- enriched EVs [17]. miR-27a-enriched EVs stimulated naive monocytes into 
M2 macrophages associated with the up-regulation of IL-10 and TGF-β followed by 
increased monocyte phagocytosis. Circulating miR-27a-enriched EVs from AH 
patients polarize monocytes into an M2 phenotype associated with an elevation of 
IL-10.

6.3  EVs as Novel Biomarkers to Monitor Liver Injury 
in ALD/ASH

Various imaging modalities, such as ultrasound- and MR-based elastography, are 
increasingly being used for the assessment of liver fibrosis. However, liver biopsy 
still remains the gold standard in which to determine ALD staging with hepatocel-
lular injury and hepatic inflammation. EVs have a key pathophysiological role in 
liver injury, as described in the previous sections, and EVs are remarkably stable in 
the blood during circulation, thus EVs, as well as EV composition, carry the poten-
tial to be developed into noninvasive biomarkers.

Growing evidence using animal models and human patients shows that the num-
ber of circulating EVs and liver-specific EV composition levels, such as asialogly-
coprotein receptor 1 (ASGPR1), miR-122, and miR-192, are increased in various 
liver diseases including ALD, non-alcoholic steatohepatitis, viral hepatitis, and 
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 cirrhosis [4, 6, 18–20]. Circulating EV levels and liver specific EV composition 
levels may not be able to distinguish liver diseases by type, thus we need to identify 
specific EV composition to confirm ALD diagnosis. We introduce biomarkers, pro-
teins, mtDNAs, and miRNAs in ALD/ASH, but focus exclusively on liver-specific 
proteins and miRNAs in this section (Table 6.1).

6.3.1  Ligands and Proteins

CD40L levels on circulating EVs were increased in alcoholic hepatitis patients 
compared to healthy individual or individuals who consume alcohol [12]. CD40L 
enriched-EVs were involved in macrophage activation. Using proteomic analysis, 
many proteins relating to the inflammatory response, cellular development, and cel-
lular movement were enriched in circulating ALD-EVs from chronic ethanol feed-
ing mice compared to circulating control-EVs [15]. One of the identified proteins 
was Hsp90, which induced macrophage activation, and high Hsp90 expression was 
validated in circulating ALD-EVs compared to control-EVs. Interestingly, at least 
ten proteins were only expressed in ALD-EVs and they were related to alcohol 
metabolism and redox regulation. These proteins are not yet validated in EVs from 
human alcoholic patients.

Table 6.1 Summary of EV biomarkers in ALD

Increased EV 
composition Source from cells

Source from mice 
(Model)

Source from human 
(Patients) Ref.

CD40L Hep-EVs (CYP2E1 
overexpressing HepG2 
cells)

Circulating EVs 
(chronic-plus single 
binge ethanol feeding)

Circulating EVs 
(AH patients)

[12]

Hsp90 Circulating EVs 
(chronic ethanol 
feeding)

[15]

mtDNA Circulating EVs 
(chronic-plus single 
binge ethanol feeding)

Circulating EVs 
(chronic EAU with 
RD patients)

[14]

miR-27a Monocyte-EVs (primary 
monocytes and THP-1 
cells)

Circulating EVs 
(AH patients)

[17]

miR-30a Circulating EVs 
(chronic ethanol 
feeding)

Circulating EVs 
(AH patients)

[19]

miR-29a, 
miR-340, let7f

Hep-EVs (isolated 
hepatocytes from ASH 
mice)

Circulating EVs 
(chronic intra-gastric 
infusion)

Circulating EVs 
(ALD patients)

[11]

EV extracellular vesicles, ALD alcoholic liver disease, CD40L CD40 ligand, Hep-EV hepatocyte- 
derived EV, CYP2E1 cytochrome P450 2E1, AH alcoholic hepatitis, mtDNA mitochondrial DNA, 
EAU excessive alcohol use, RD recent excessive drinking, Monocyte-EV monocyte-derived EV, 
ASH alcoholic steatohepatitis
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6.3.2  mtDNAs and miRNAs

mtDNAs levels in circulating EVs were higher in chronic-plus single binge etha-
nol feeding mice compared to pair-feeding mice, chronic ethanol feeding mice, 
or single binge ethanol feeding mice [14]. Furthermore, mtDNAs levels in circu-
lating EVs were also elevated in chronic excessive alcohol use (EAU) with recent 
excessive drinking (RD) patients compared to EAU without RD patient or healthy 
controls. mtDNA-enriched EVs led to neutrophilia and liver injury. For miRNAs, 
miR-27a levels in circulating EVs were increased in AH patients compared to 
healthy controls [17]. miR-27a-enriched EVs mediated a polarization from 
monocytes to M2 type macrophage. Using firefly miRNA multiplex assay, seven 
miRNAs including miR-30a were significantly up-regulated and two miRNAs 
were significantly down-regulated in circulating ALD-EVs from chronic ethanol 
feeding mice compared to control-EVs from pair-feeding mice [19]. miR-30a had 
an excellent diagnostic value in ALD mice and miR-30a was significantly 
increased in alcoholic hepatitis patients compared to healthy controls. Using 
RNA-sequencing approach to assess miRNA composition in Hep-EVs released 
by hepatocytes isolated from the intra-gastric infusion model of ASH, nine miR-
NAs were significantly up- regulated and four miRNAs were significantly down-
regulated in ASH Hep-EVs compared to control Hep-EVs [11]. miR-29a, 
miR-340, and let7f were increased in circulating EVs from ASH mice, but not in 
circulating EVs from bile duct ligation, NASH, and obese, indicating these miR-
NAs identify ASH. Three miRNAs were also elevated in ALD patients compared 
to non-alcoholics.

6.4  Conclusions

We have summarized some of the most recent and original studies investigating the 
biological function of EVs and their potential as biomarkers specific for ALD/
ASH. In particular, many studies have pointed to the biological role of Hep-EVs 
released by stressed/damaged hepatocytes as key modulators for target cells as cell- 
to- cell communicator during ALD progression. According to many studies that 
looked into the biological role of EVs in different liver diseases—fatty liver, NASH, 
cirrhosis—some of the roles or release mechanisms of EVs are similar in ALD. For 
instance, mtDNA-enriched Hep-EVs were increased in NASH patients and medi-
ated macrophage activation through TLR9 activation [21]. Damaged hepatocytes 
released Hep-EVs by lipotoxicity in a caspase3-dependent-manner and activated 
target cells [22], although EV composition was different in the process of target cell 
modulation. Since EVs have various biological roles in the progression of other 
liver diseases [5], we expect to identify other roles for EVs in ALD for future study. 
In addition, our work with EVs will contribute in the development of specific bio-
markers for alcoholic liver injury.
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