
Vol.:(0123456789)1 3

Cellular and Molecular Life Sciences (2022) 79:232 
https://doi.org/10.1007/s00018-022-04256-8

UNSOLICITED REVIEW

Circulating cell‑specific extracellular vesicles as biomarkers 
for the diagnosis and monitoring of chronic liver diseases

Lauren A. Newman1   · Kate Muller2 · Andrew Rowland1 

Received: 30 January 2022 / Revised: 2 March 2022 / Accepted: 17 March 2022 / Published online: 10 April 2022 
© The Author(s) 2022

Abstract
Chronic liver diseases represent a burgeoning health problem affecting billions of people worldwide. The insufficient perfor-
mance of current minimally invasive tools is recognised as a significant barrier to the clinical management of these conditions. 
Extracellular vesicles (EVs) have emerged as a rich source of circulating biomarkers closely linked to pathological processes 
in originating tissues. Here, we summarise the contribution of EVs to normal liver function and to chronic liver pathologies; 
and explore the use of circulating EV biomarkers, with a particular focus on techniques to isolate and analyse cell- or tissue-
specific EVs. Such approaches present a novel strategy to inform disease status and monitor changes in response to treatment 
in a minimally invasive manner. Emerging technologies that support the selective isolation and analysis of circulating EVs 
derived only from hepatic cells, have driven recent advancements in EV-based biomarker platforms for chronic liver diseases 
and show promise to bring these techniques to clinical settings.

Keywords  Chronic liver disease · Non-alcoholic fatty liver disease · Metabolic-associated fatty liver disease · Extracellular 
vesicles · Minimally invasive biomarkers · Tissue-specific biomarkers

Introduction

Chronic liver diseases represent a significant global health 
burden that is set to grow in the coming decades [1, 2]. Alco-
hol-related liver disease and non-alcoholic fatty liver disease 
(NAFLD) are two of the most common aetiologies and are 
precipitated, respectively, by excessive alcohol consumption 
and the combination of high calorie diet and sedentary life-
style [3, 4]. The growing prevalence of NAFLD, in particu-
lar, parallels that of obesity, type 2 diabetes and other fea-
tures of metabolic syndrome [5]. The pathology of each of 
these disorders, as well as chronic infection with hepatitis B 
(HBV) or hepatitis C (HCV) viruses, manifest inflammatory 
and pro-fibrogenic processes in the liver that may progress to 
cirrhosis and hepatocellular carcinoma (HCC). Accordingly, 

chronic liver disease is a leading cause of mortality in many 
parts of the world [6, 7].

By way of example, independent of other factors, the 
average all-cause mortality among NAFLD patients is 11.7% 
higher compared to individuals without the disease (haz-
ard ratio (HR) 1.93 [1.86–2.00]). The impact of NAFLD 
on mortality increases with increasing disease severity and 
ranges from 8.3% (HR 1.71 [1.64–1.79]) for simple steatosis 
up to 18.4% (HR 2.44 [2.22–2.69]) for non-alcoholic steato-
hepatitis (NASH) with fibrosis [8]. Adding to the challenge, 
the capacity to treat NAFLD diminishes with increasing dis-
ease severity. Targeted weight loss slows progression in mild 
disease, but is less effective in moderate to severe disease 
[9]. Importantly, while there have been considerable break-
throughs in the prevention and treatment of viral hepatitis 
in recent years [10], no medicine is currently approved for 
NAFLD and progress has been slow with costly failures in 
late phase trials due to an inability to easily monitor treat-
ment response.

Despite significant shortcomings in accuracy and practi-
cality, liver biopsy remains the gold standard diagnostic tool 
to assess the presence and stage of various liver diseases. 
This technique is currently the most reliable way to deter-
mine the pattern and severity of inflammation and fibrosis 
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[11]. For patients with NAFLD, a diagnosis of the more 
severe form steatohepatitis (NASH) can only be made by 
histological identification of cardinal features, such as hepa-
tocellular ballooning and lobular inflammation [5]. Since 
liver biopsy is a highly invasive technique, it comes with 
the risk of severe complications and cannot be regularly 
repeated to track changes in the liver over time [3]. Moreo-
ver, the technique is associated with considerable interob-
server and sampling variability, produces only a limited 
representation of total liver tissue and, consequently, often 
underestimates disease severity [12]. These issues limit its 
widespread and repeated use and give rise to the urgent need 
for non-invasive biomarkers, to aid diagnosis and monitor-
ing of patients with chronic liver disease. Currently, various 
scoring systems may be applied to non-invasively stratify 
patient risk, such as FIB-4 index, Maddrey Discriminant 
Function (MDF) and Model for End-stage Liver Disease 
(MELD), which rely on blood biochemistry. Non-invasive 
diagnoses may employ imaging studies (e.g. magnetic reso-
nance imaging and ultrasound) [13, 14] and liver stiffness 
may be assessed via transient elastography (e.g. FibroScan) 
to estimate the degree of fibrosis [15].

In 2019, the American Association for the Study of Liver 
Diseases identified the insufficient performance of these cur-
rent non-invasive tools to diagnose early disease and track 
progression as the critical barrier to treating chronic liver 
diseases [16]. The limitation being these approaches lack 
specificity and sensitivity, particularly for mild and early 
disease. To meet this demand, considerable research effort 
has focussed on the development of blood-based biomarkers 
that can reflect early pathological processes, disease pro-
gression and response to treatment [11]. In recent times, 
circulating extracellular vesicles (EVs) have emerged as a 
potential source of such biomarkers. These nanosized parti-
cles contain a distinct molecular signature of protein, RNA 
and lipid moieties, that is both indicative of their cell type of 
origin, and also the homeostatic or pathological stimuli that 
induced their release [17]. EVs are shown to play a role in 
immune modulation and autoimmune disease, tissue repair, 
neurodegenerative disease, cardiovascular disease and the 
development and proliferation of tumours [18]. A breadth of 
work now evidences the crucial biological activities of EVs 
in multiple facets of chronic liver pathophysiology, includ-
ing the cell injury, inflammation and fibrosis shared across 
diverse aetiologies [5]. Technological developments in high-
throughput multi-omics approaches promise to unveil the 
intricacies of EV molecular cargo and streamline the clinical 
application of highly sensitive, disease-specific biomarkers 
[19].

The purpose of this review is to summarise the key works 
that establish how EVs contribute to normal liver physiology 
and processes central to the development and progression of 
chronic liver diseases. The current state and future direction 

of circulating EV biomarker analyses will also be explored, 
with a particular focus on techniques to selectively isolate 
and analyse cell- or tissue-specific EVs for the detection and 
tracking of chronic liver diseases.

Extracellular vesicles

EVs are a heterogenous population of small, non-replicating, 
membrane-encapsulated particles, released by virtually all 
cell types. Alongside soluble factors and signalling mole-
cules, they have emerged as a fundamental constituent of the 
cellular secretome [20]. Regular release under basal condi-
tions contributes to the maintenance of homeostasis, while 
changes to the magnitude and composition of EVs commu-
nicate responses to stressful or pathological stimuli between 
neighbouring and distant cells. Signalling is mediated by 
receptor-ligand interactions on the EV and cell surfaces, 
which may directly trigger intracellular pathways or result in 
the fusion or internalisation of vesicles and their associated 
cargo [21]. The importance of the role of EVs in intercellular 
communication is underscored by its evolutionary conser-
vation [11]. Signalling or regulatory molecules transferred 
in this way are stable and protected from degradation, may 
be transported through the systemic circulation to distant 
organs and can easily be taken up by target cells. Notably, 
the expression of specific surface proteins, such as integrins, 
promote homing of EVs to target recipient cells [22].

EV subtypes

As the field of EV research has matured, so too has the 
complexity of defining distinct EV subpopulations. Vesi-
cles secreted not only by different cell types, but also from 
the same cell, possess inherent heterogeneity in physical 
and biochemical properties [19]. Conventionally, EV sub-
types are characterised based on their mode of biogenesis. 
Exosomes, typically 50–150 nm in diameter, are produced 
via the endosomal pathway. Inward protrusions of the early 
endosomal membrane create intraluminal vesicles (ILVs) 
which leads to the formation of multivesicular bodies 
(MVB). MVB trafficking and fusion to the plasma mem-
brane results in the extracellular release of ILVs, thereby 
giving rise to exosomes. The production of exosomes may 
be dependent or independent of the endosomal sorting com-
plex required for transport (ESCRT) machinery. ESCRT-0, 
-I, -II, and -III protein complexes associate sequentially to 
facilitate membrane fission and loading of EV cargo [22]. 
ESCRT-independent exosome release occurs via the produc-
tion of ceramide and sphingolipid membrane rafts and the 
activity of neutral sphingomyelinase 2 [23]. Alternatively, 
microvesicles (MVs), 100–1000 nm in size, shed directly 
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from the plasma membrane. Specific membrane domains 
are enriched with proteins that permit curvature and budding 
via higher order oligomerisation and rearrangement of actin-
cytoskeletal networks. ESCRT proteins and ceramides are 
also implicated in MV formation, in addition to ADP-ribo-
sylation factor 6 (ARF6) which participates in cargo selec-
tion [22]. MV formation is highly dependent on calcium 
influx and amenable to activation by cell stress [24, 25].

Given the challenge of identifying the exact intracellular 
origin of EVs isolated from the extracellular milieu, other 
characteristics such as size, density and expression of spe-
cific surface markers are employed to distinguish EV sub-
populations. Though, a recent report of comprehensive EV 
proteomic characterisation revealed significant heterogeneity 
in marker expression within subtypes, particularly amongst 
small EVs with or without endosomal origin [26]. Impor-
tantly, most of the commonly used isolation techniques pro-
duce a mixture of vesicle populations of varying purity and 
enrichment. Accordingly, current guidance imparted by the 
Minimal Information for the Study of Extracellular Vesi-
cles (MISEV) [27], states that isolates should be described 
generically as “extracellular vesicles”, but may be classified 
as small EVs (< 200 nm) or medium/large EVs (> 200 nm), 
by specific molecular components (e.g. ASGR1 + EV) or by 

cell of origin (hepatocyte-derived EV). It should be noted 
that for the purpose of biomarker discovery, rigorous separa-
tion of EV subtypes may only be necessary to the degree to 
which sufficient sensitivity and specificity can be achieved.

EV composition and cargo

EVs contain biologically functional cargo, comprised of pro-
teins (including metabolically active enzymes), lipids, metabo-
lites and nucleic acids, such as messenger RNA, microRNA, 
long non-coding RNA and DNA [28] (Fig. 1). EV-enriched 
proteins are largely derived from their pathways of biogenesis. 
Tetraspanins (CD63, CD81 and CD9) and human leukocyte 
antigen class 1 (HLA-I) are transmembrane proteins com-
monly found in EV membranes, while tumour susceptibility 
gene 101 (TSG101), ALG-2 interacting protein (ALIX) and 
syntenin are cytosolic proteins involved in EV formation that 
are ultimately exported in vesicles [27]. In addition to general 
markers of EVs, cell type-specific proteins expressed on cell 
membranes may be integrated into the membrane of secreted 
EVs [29]. The identification of cell-type specific surface pro-
teins on EVs has been exploited for immunoaffinity-based iso-
lation of cell- or tissue-specific EVs from the global circulating 

Fig. 1   Structure and cargo of an extracellular vesicle. Figure was created using BioRender.com
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pool. This has vast potential to improve the sensitivity and 
specificity of low abundance and ubiquitously expressed dis-
ease biomarkers against the background noise resulting from 
constitutive systemic EV release.

Current evidence for the selective packaging of EV 
molecular cargo is supported by high variability and dis-
cordance in protein and RNA levels between EVs and their 
parental cell [7, 22]. While the exact mechanisms for regu-
lated sorting of cargo remain unclear, the roles of various 
RNA-binding proteins, Rab GTPases, and post-translational 
modifications, such as ubiquitination and phosphorylation, 
have been reported [24, 30]. The abundance and composi-
tion of EVs may be altered in response to ER stress [31] or 
phenotypic activation. Li, et. al. [7] demonstrated that, com-
pared to quiescent hepatic stellate cells, EV were released at 
4.5-fold greater rate upon transdifferentiation to a myofibro-
blastic phenotype, and contained more abundant proteomic 
information associated with extracellular matrix production 
and metabolic activity.

EVs as minimally invasive biomarkers

EVs are considered attractive biomarkers for a host of rea-
sons. Vesicles are abundant and highly stable in biofluids, 
exhibiting longer half-lives than other circulating compo-
nents, such as free proteins or RNA complexes [20]. Durable 
lipid bilayer membranes protect molecular cargo from deg-
radation, thereby providing a sort of “biomarker reservoir” 
[32]. Since this diverse cargo is dynamic in nature, directly 
related to the phenotype of parent cells, it may be used to 
understand function at the organ, tissue or cellular level and 
track changes in real time. In line with this application, and 
in contrast to traditional tissue biopsy, sampling of EVs is 
easily performed through access to peripheral blood and is 
repeatable with minimal patient risk. As will be explored 
throughout this review, the pertinence of EVs as a biomarker 
source is underpinned by the biological activity of these enti-
ties across elements of chronic liver disease. These mecha-
nistic links may be the key to establishing a disease-specific 
molecular signature from affected tissues. Notably, changes 
in EVs have been demonstrated at earlier stages than overt 
tissue damage or other clinical and histological signs [33]. 
However, as total blood EV is comprised of vesicles released 
from multiple tissues into the circulation, the development 
of biomarker strategies is increasingly geared towards selec-
tive analysis based on tissue-specific markers [34].

EV‑based therapeutics

In addition to their role as a key diagnostic and monitoring 
tool for the treatment of liver diseases, the application of 
EVs as a therapeutic intervention for multiple forms of liver 

disease has emerged. The properties of EV membranes make 
them ideal vehicles for therapeutic cargo, including miRNA, 
small interfering RNA (siRNA), chemotherapy agents or 
other drugs, which may act to promote tissue regeneration, 
reduce or reverse inflammation and fibrosis, or target cancer 
cells in the liver. Promising results have been demonstrated 
regarding the use of mesenchymal stem cell-derived EVs 
in various pre-clinical models. However, the requirements 
to initiate human trials are very different between a bio-
marker and an intervention. EV-based therapeutics face sev-
eral challenges related to the cost and scale of manufactur-
ing pure EVs that adhere to regulatory and quality control 
standards for use in humans. Meanwhile, much of the recent 
research regarding the role of EVs as biomarkers has come 
from human data. Beyond pre-clinical studies identifying 
EV cargo that reflect molecular changes in liver diseases, a 
key focus of the present review is the detection of circulat-
ing EVs in human patients. Thus, the application of EVs as 
therapeutics will not be extensively reviewed here but may 
be found in references [22, 35, 36].

EVs in normal liver physiology

The liver is the largest internal organ in the body, function-
ally and anatomically complex and responsible for a diverse 
set of metabolic, synthetic, digestive, detoxifying, storage 
and regulatory roles. Approximately, 80% of total liver vol-
ume is comprised of hepatocytes, which are responsible for 
the central physiological processes, while a further 6.5% 
accounts for non-parenchymal cells that function in support 
of hepatocytes and maintenance of the hepatic microenviron-
ment [20, 37]. These cells include liver sinusoidal endothe-
lial cells (LSECs), hepatic stellate cells (HSCs), cholan-
giocytes and the population of liver-resident macrophages, 
known as Kupffer cells. The organised lobular architecture 
of the liver facilitates cooperation and inter-regulatory func-
tions of diverse cell types through anatomical proximity 
[38]. Effective cell-to-cell communication is also achieved 
by the network of EV interactions, as each cell is both a 
donor and recipient of EVs from the same and other hepatic 
cell types (Fig. 2). The bi-directional transfer of molecular 
information is imperative to homeostatic control in the liver 
as well as the broader inter-organ communicative landscape.

Hepatic cell‑derived EVs

The function of EVs derived from different hepatic cell 
types is summarised in Table 1. Multiple enzymes involved 
in the metabolism of carbohydrates, lipids, endogenous 
compounds and xenobiotics are among key molecular 
cargo identified in hepatocyte-derived EVs [39]. Hepatic 
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metabolic activity may be transferred to or induced in 
extra-hepatic niches. For example, hepatocyte-derived EVs 
carrying arginase-1 were found to regulate endothelial cell 
function and alter serum metabolites associated with oxi-
dative stress in the systemic vasculature [40]. In the liver, 
hepatocyte-EVs have also been shown to promote the prolif-
eration of cholangiocytes and other hepatocytes in paracrine 
and autocrine fashions, respectively [37, 41]. Hepatocyte-
derived EVs have demonstrated the remarkable capacity to 
mediate regeneration of functional liver mass. Nojima, et. 
al. [42] EV-mediated transfer of sphingosine-1-phosphate 
(S1P), sphingosine kinase 2 (SK2) and ceramidase between 
hepatocytes promoted liver regeneration in mice following 
70% hepatectomy. HSC are the key fibrogenic cells in the 

liver, and exchange of EVs between them is crucial in bal-
ancing extracellular matrix (ECM) production and degrada-
tion. LSEC-derived EVs contribute to modulation of this 
balance. The EVs normally maintain HSC quiescence, but 
when stimulated, EVs containing upregulated sphingosine 
kinase 1 (SK1) are released to activate HSC [43]. Quiescent 
HSC (qHSC) release EVs containing miRNAs (miR-214 and 
-199-5p) and the transcription factor, Twist-1 [44, 45]. This 
cargo suppresses connective tissue growth factor (CTGF) 
to maintain quiescence in other qHSC or downregulate pro-
fibrotic genes, including α-smooth muscle actin (αSMA) 
and collagen, in activated HSC (aHSC) [7, 21]. Conversely, 
aHSC-derived EVs promote ECM production by transfer-
ring CTGF [46]. Lastly, EVs from cholangiocytes participate 

Fig. 2   Extracellular vesicle release by various hepatic cells in normal liver function. Figure was created using BioRender.com

Table 1   Hepatic cell EVs function and cargo

Originating cell Example cargo Recipient cells Functions References

Hepatocytes DMET proteins and mRNA Hepatocytes, 
extrahepatic 
cells

Transfer metabolic activity Conde-Vancells et al. [39], 
Kumar et al. [51], Row-
land et al. [52], Rodri-
guez et al. [53]

Arginase-1 Endothelial cells Regulate endothelial cells in sys-
temic vasculature

Royo et al. [40]

S1P, SK2, ceramidase Hepatocytes Promote proliferation and liver 
regeneration

Nojima et al. [42]

Liver sinusoidal 
endothelial cells

SK1 HSC Modulate quiescent/active pheno-
type

Wang et al. [43]

Hepatic stellate cells miR-214, miR-199-5p, Twist-1, 
CTGF

HSC Modulate quiescent/active pheno-
type

Charrier et al. [46], Chen 
et al. [21], Chen et al. 
[45], Chen et al. [44] and 
Li et al. 2020

Cholangiocytes lncRNA H19 Hepatocytes Regulate bile acid homeostasis Li et al. [47]
Hedgehog ligands LSEC Promote wound-healing response Witek et al. [48]
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in bile acid homeostasis through the transfer of long non-
coding RNA H19 to hepatocytes [47], and in wound-healing 
responses by delivering hedgehog ligands to promote angio-
genesis, growth and differentiation in recipient LSECs [48].

Metabolism

Hepatic metabolism plays a critical role in regulating the 
abundance of endogenous chemicals, such as bile acids, fatty 
acids, steroid hormones and bilirubin. Similarly, it serves 
as a major clearance mechanism for xenobiotics including 
drugs, dietary chemicals and environmental toxins. Specifi-
cally, metabolic clearance is the major route of elimination 
for more than 80% of pharmaceutical drugs [49, 50]. Nota-
bly, the mRNA transcripts and active proteins of drug metab-
olising enzymes and transporters (DMET), cytochrome P450 
(CYPs), UDP-glucuronosyltransferase (UGTs), glutathione 
S-transferase and organic anion transporting polypeptides 
(OATPs) have been detected in EVs derived from hepato-
cytes and in the blood. CYP protein and mRNA is enriched 
in circulating EVs relative to total plasma, which suggests 
selective packaging [51–53]. The transfer of DMET in cir-
culating EVs has physiological significance with respect to 
protection of extra-hepatic cells from systemic toxicants or 
increasing metabolic activity in tissues with lower basal 
DMET expression, such as the lungs or brain [54]. Clini-
cally, this notion has potential applications as liquid biopsy 
to indicate chronic alcohol, nicotine or illicit drug use, 
liver disease, or to assess metabolic drug–drug interactions 
(DDIs) and inter-individual variability in drug exposure. For 
example, CYP2E1 is induced by chronic use of alcohol or 
paracetamol overdose. This is reflected in greater release 
of hepatocyte EVs that transfer the capacity for CYP2E1-
mediated metabolism, resulting in oxidative stress and acute 
injury in hepatic and non-hepatic cells [51]. A recent review 
described how disease-associated alterations in CYP pro-
tein expression and activity may impact drug exposure in 
patients with NAFLD [55]. The capacity to monitor chang-
ing pharmacokinetic profile is paramount for the develop-
ment of novel therapeutics for NAFLD and in optimal dos-
ing of existing treatments for common comorbidities.

Assessing variability in metabolic clearance within or 
between individuals, resulting from variable hepatic DMET 
expression or activity, DDIs, presence of liver disease or 
other factors, is an appealing avenue for EV-based DMET 
profiling. Work by our group showed that EV-derived 
CYP3A4 was highly concordant with apparent oral clear-
ance of its probe substrate midazolam in healthy subjects 
pre- and post-dosing of the inducer, rifampicin [52]. Since 
then, Achour, et. al. [49] evaluated hepatic elimination based 
on circulating EV mRNA of clinically important DMET, 
reporting sound correlations with protein expression in 

liver tissue. Interestingly, this study normalised the data to 
a panel of 13 liver-specific RNA markers (e.g. apolipopro-
tein A2 and fibrinogen-beta) as part of a novel shedding 
factor to account for variability in liver EV release into the 
bloodstream. Instead, we recently applied our novel two-
step anti-ASGR1 immunocapture technique to selectively 
isolate hepatocyte-derived EVs from global EVs and suc-
cessfully tracked the induction of CYPs 3A4, 3A5 and 2D6 
and OATPs 1B1 and 1B3 during pregnancy and following 
rifampicin administration [53]. Together these reports posi-
tion EV liquid biopsy as a viable strategy for individual 
DMET phenotyping to aid precision dosing or classification 
of clinical trial participants at enrolment.

EVs in liver pathobiology

Chronic liver diseases result from prolonged injurious stim-
uli that exceed the regenerative capacity of the liver. Over 
time, unresolved inflammatory and fibrogenic activation 
from disorders such as ALD, NAFLD, HBV and HCV infec-
tion can ultimately lead to fibrosis, cirrhosis and HCC [20]. 
EVs have emerged as potent pathogenic drivers in several of 
these processes and a breadth of pre-clinical data establishes 
the key molecular information carried in EVs that medi-
ate liver cell cross-talk in different chronic liver diseases. 
In several instances, these EV cargoes have been analysed 
in the circulation of animal models or human patients and 
demonstrate the capacity for circulating EVs derived from 
specific cellular sources to reflect pathological events in 
affected organs. For each chronic liver disease, Table 2 lists 
the cell-specific EVs and their cargoes, with recipient cells 
and resulting function (if defined), divided into studies that 
examined EVs in circulation and in vitro studies of EV cargo 
yet to be translated to circulating EVs.

Non‑alcoholic fatty liver disease

NAFLD is the most common chronic liver disease, currently 
estimated to affect more than 25% of the global population 
[56]. The condition may be considered a hepatic manifesta-
tion of the metabolic syndrome as it is often implicated with 
other features, such as insulin resistance (IR), obesity and 
type 2 diabetes mellitus [5]. In line with this, recent expert 
consensus supports the updated nomenclature of metabolic 
associated fatty liver disease (MAFLD), to reflect advanc-
ing knowledge of disease phenotype, heterogeneity in driv-
ers and coexisting conditions and diagnostic criteria that is 
based on inclusion rather than exclusion (particularly around 
alcohol use) [57, 58].

The condition presents as a spectrum of clinical disease 
with some patients exhibiting simple steatosis (NAFL) while 
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a fraction (~ 30%) will develop non-alcoholic steatohepatitis 
(NASH) [59]. NAFLD is the product of multiple dysregu-
lated signalling pathways in the liver that involves abnormal 
lipid metabolism leading to lipotoxicity and inflammation 
[31]. While several risk factors relating to diet and lifestyle 
are linked to the incidence of NAFLD, genetic predisposi-
tions have also been noted, as recently reviewed by Jonas, 
et. al. [60]. Further, the contribution of gut dysbiosis, liver-
adipose cross-talk and increased cardiovascular disease-
related mortality, underscores the systemic nature of this 
condition [61]. Current diagnostic tools remain inadequate 
for the early detection, risk stratification and monitoring of 
NAFL and NASH, presenting a significant hindrance to the 
clinical management of patients and development of effec-
tive pharmaceutical interventions [16].

Numerous reports to date demonstrate changes in EVs 
released by hepatocytes under lipotoxic stress and their con-
tributions to cellular and inter-organ cross-talk to promote 
inflammation and fibrosis in the liver. These were described 
in detail in a previous review [5]. Key molecular cargo of 
lipotoxic hepatocyte-derived EVs include the death recep-
tor ligand, TRAIL, which triggers hepatocyte death and 
macrophage activation with increased pro-inflammatory 
cytokine expression (interleukin [IL]-1β and IL-6) [62]. 
The macrophage chemoattractant C-X-C motif ligand 10 
(CXCL10) was also detected in EVs induced by steatosis-
related JNK activation in the liver [63, 64]. Further, lipotoxic 
EV release was found to be dependent on ceramide path-
ways, activated by the ER stress sensor inositol-requiring 
enzyme-1α (IRE1α). IRE1α-stimulated EVs contained 
C16:0 ceramide and SK1 which promoted macrophage 
chemotaxis in vitro [65] and macrophage recruitment and 
hepatic inflammation in mice [31]. The authors also showed 
that mice over-expressing IRE1α had significantly elevated 
circulating EVs and their hepatocellular origin was identi-
fied by electron microscopy (EM) with immunogold label-
ling of ASGR1 and CYP2E1. Lipotoxic hepatocyte-derived 
EVs also modulate HSC phenotype in NAFLD. Specifi-
cally, EVs containing miR-128-3p suppressed peroxisome 
proliferator-activated receptor-γ (PPARγ) in HSC, resulting 
in upregulated profibrotic gene expression [66]. The effect 
was dependent on EV internalisation by HSC, mediated 
by Vanin-1 (VNN1) on the surface of vesicles. Increased 
VNN1 expression on lipotoxic EVs was previously impli-
cated with EV internalisation by LSEC resulting in patho-
logic angiogenesis [67]. Increased expression of miR-128-3p 
was also identified in our recent work, alongside miR-122 
and -192, in NAFL and NASH patient plasma EVs. This 
was only observed in circulating EVs derived specifically 
from hepatocytes (expressing ASGR1) [68]. Mitochondrial 
dysfunction and oxidative stress are common pathogenic 
events in fatty liver diseases related to both aetiologies, non-
alcoholic and alcoholic (discussed in the following section) Ta
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[69]. Mitochondrial DNA (mtDNA) has been identified as 
important EV cargo that promotes inflammation via TLR9 
activation, thereby contributing to the transition from sim-
ple steatosis to steatohepatitis. Garcia-Martinez, et. al. [70] 
found greater levels of mtDNA in plasma microvesicles of 
mice and patients with NASH, with concomitant increase 
in hepatocyte-specific marker, Arg-1, and demonstrated the 
capacity for these particles to activate TLR9.

EVs from visceral adipose tissue actively contribute to 
NAFLD pathogenesis by exacerbating systemic IR, inflam-
mation and hepatic fibrosis [71]. Differentially expressed 
miRNAs in adipocyte-EVs from lean and obese individuals 
target the TGF-β pathway in hepatocytes and HSC, result-
ing in the inhibition of fibrolytic enzymes such as matrix 
metalloproteinase (MMP)-7 [18]. Another study emphasised 
the important contribution of adipocyte-EV to circulating 
miRNA levels and their capacity to modulate gene expres-
sion in the liver [72]. The authors showed that fibroblast 
growth factor (FGF)-21 is a liver protein target of adipocyte-
EV derived miR-99b. FGF-21 is implicated in many meta-
bolic pathways and its suppression contributes to hepatic 
steatosis [73]. In all, the current evidence positions EVs as 
key players in the pathogenesis and progression of NAFLD 
and supports the investigation of biomarkers within EV 
derived from adipocytes and hepatic cell populations.

Alcoholic liver disease

Alcoholic liver disease (ALD) follows a similar clinical 
course to that of NAFLD. Hepatic steatosis and alcoholic 
hepatitis (AH) may resolve with alcohol abstinence, but pro-
gressive disease can lead to cirrhosis and liver failure [74]. 
Liver biopsy is not usually necessary for ALD diagnosis as a 
history of significant alcohol consumption along with clini-
cal, radiologic and biochemical findings are often sufficient. 
However, diagnosis may be complicated in alcoholic patients 
with unreliable history or co-existing risk factors for other 
conditions such as NAFLD; in such cases the threshold for 
“significant” alcohol intake may be reduced. The lack of 
accurate non-invasive biomarkers limits the dynamic assess-
ment of inflammatory activity and degree of fibrosis in ALD, 
as well as the risk of developing cirrhosis. Considering that 
ALD accounts for 50% of cirrhosis-related deaths [13], 
biomarker discovery is an area of intense research focus to 
improve the management of ALD and development of phar-
macological strategies to halt or reverse the disease.

EV-mediated macrophage activation is increasingly rec-
ognised as a key feature of the inflammatory process in AH 
and parallels hepatic injury and fibrosis. A mouse model 
of AH had significantly increased EV levels in circulation 
and vesicles isolated from primary hepatocytes were found 
to be enriched in mtDNA [75]. These EV activated TLR9 

resulting in upregulated pro-inflammatory cytokine, IL-1β 
and IL-17 production in liver macrophages and promoted 
fibrogenic activation of HSC. Another study similarly 
found that hepatocyte-derived mtDNA-enriched vesicles 
released in response to chronic and binge ethanol feeding 
in mice contributed to macrophage and neutrophil infiltra-
tion in the liver [76]. Verma, et. al. [77] treated hepatocytes 
with ethanol in vitro, and showed greater release of EVs 
expressing CD40-ligand. These stimulated macrophage-to-
M1 phenotypic switching, characterised by upregulated pro-
inflammatory cytokine expression (TNFα, IL-1β and IL-6). 
Increased CD40L-expressing EVs were also detected in the 
serum of patients with AH. Similarly, Momen-Heravi, et. al. 
[78] demonstrated that EV containing miR-122 is transferred 
from ethanol-treated hepatocytes to monocytes, resulting in 
suppression of haem oxygenase 1 (HO-1) and subsequent 
sensitisation to pro-inflammatory stimuli, such as lipopoly-
saccharide. In addition, mice and humans subjected to acute 
alcohol binge, and mice also to chronic consumption, had 
more EVs in circulation. The levels of miR-122 and -155 
in the EVs changed over time post-binge, suggesting vari-
able packaging in response to alcohol. This notion is sup-
ported by earlier data comparing specific miRNA expres-
sion in circulating vesicle or protein fractions across models 
of liver injury with different aetiologies [79]. The authors 
showed that in models of inflammatory (i.e. NAFLD) or 
alcohol-induced disease, miR-122 and -155 was mostly EV-
associated, while predominantly protein-associated in DILI. 
This distinctive distribution of miRNA in chronic liver dis-
ease in contrast to the acute condition, DILI, supports the 
investigation of biomarkers localised in EVs in the circu-
lation to improve performance and disease-specificity. EV 
miRNA profile was also explored in mice with AH induced 
by continuous intragastric ethanol infusion. Three miRNAs 
in blood EVs, including let-7f-5p, miR-29a-3p and miR-
340-5p, discriminated AH mice from controls, as well as 
from obese mice and those with NASH or cholestatic injury 
[17]. Various sphingolipids have also been implicated with 
inflammation and cell death in AH. Serum EVs from AH 
patients were recently shown to be significantly enriched in 
six sphingolipid species compared to healthy controls, heavy 
drinkers, NASH patients and alcoholic cirrhosis patients. 
The cargo was positively correlated with disease severity 
and predicted 90-day survival [13].

Viral hepatitis

Viral infections represent a significant cause of chronic liver 
diseases and are the most common aetiology for HCC [6]. 
In addition to certain viral factors, the carcinogenic nature 
of HBV and HCV are linked to chronic inflammation, 
fibrosis and changes in signalling pathways implicated in 
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hepatocyte survival and tumour surveillance and suppression 
[80]. While viral infections can be diagnosed by serologi-
cal techniques and monitored with respect to viral load and 
immune status [11], a better understanding of the role of 
EVs in pathogenesis and disease progression may facilitate 
non-invasive assessment of liver damage and identify early 
markers of increased HCC risk.

EVs are potent modulators of immune function. Hepato-
cytes infected with replicating HBV release EVs that induce 
programmed death ligand-1 (PDL-1) in recipient monocytes, 
possibly suppressing host antiviral activity [81]. Another 
study showed that HCV-infected hepatocytes secrete EVs 
coated with the HCV protein E2. These EV mimic viral par-
ticles thereby hindering the neutralising antibody response 
[82]. Conversely, LSEC-derived EVs stimulated by inter-
feron (IFN)-I and -III, contribute to the antiviral response 
[38]. Interestingly, EVs were found to participate in viral 
spread during HCV infection. Using a rigorous multi-step 
approach to remove free virus contamination, Bukong, et. 
al. [83] isolated EVs from infected patient sera and Huh7.5 
cell culture supernatant. The EVs contained replication com-
petent HCV-RNA in complex with argonaute-2, heat shock 
protein 90 and miR-122, which mediated new infection in 
hepatocytes. Hepatocyte-derived EV also activates HSC to 
promote fibrosis in HCV. TGF-β pathway activation was 
found to be triggered by EV-derived miR-19a in vitro and 
increased levels of the miRNA were detected in serum EV 
from chronic HCV patients compared to healthy controls 
and patients with non-HCV-related liver disease of simi-
lar fibrosis grade [84]. A previous study, however, found 
elevated circulating CD8 + and CD4 + T cell-derived EVs in 
patients with active HCV, that promoted ECM degradation 
by induction of MMP enzymes in HSC [85]. In summation, 
these reports provide avenues for development of novel bio-
markers or therapeutic tools for chronic viral hepatitis.

Hepatocellular carcinoma

Hepatocellular carcinoma accounts for more than 80% of 
primary liver malignancies and a third of global cancer-
related deaths [86]. Chronic liver diseases, especially with 
cirrhosis, are major risk factors for HCC. Prognosis is poor, 
exhibiting only 20% 5-year overall survival, often due to late 
stage diagnoses [86]. Ultrasound has acceptable sensitivity 
and specificity for HCC screening, but its capacity to detect 
early lesions is limited [32]. Serum alpha-fetoprotein (AFP) 
is a biomarker of widely variable performance that may 
be elevated in late stages, but only in a subset of patients 
[11]. Accordingly, a combination of ultrasound and AFP 
assessment is recommended for surveillance by the Austral-
ian practice guidelines [87]. The use of ultrasound is also 
endorsed by the American Association for the Study of Liver 

Diseases (AASLD), with or without AFP [88]. EVs are one 
of three liquid biopsy approaches in oncology, among cir-
culating tumour DNA and tumour cells [32]. Since EVs car-
rying tumour-derived information are present in circulation 
earlier and persist through to advanced disease, they present 
the opportunity to initiate curative interventions.

The dysregulation of multiple signalling pathways and 
complex network of interactions between malignant and 
non-malignant cells in the tumour microenvironment are 
critical to tumour progression. EVs are known to play a role 
in regulating cell proliferation, migration, angiogenesis, 
metastasis, epithelial-to-mesenchymal transition (EMT), and 
immune escape. Specific HCC-EV miRNA cargo, for exam-
ple, has been linked to enhanced HCC proliferation (includ-
ing miR-93, -224 and -665) [89–91], while other cargo was 
found to have an inhibitory effect (miR-9-3p, -638, -718 and 
-744) [92–95]. Kogure et al. [96] reported that selectively 
packaged miRNA and protein in HCC-derived EVs modu-
late the TGF-β activated kinase 1 (TAK1) pathway in other 
hepatic cells to promote cancer growth. More recently, HCC-
derived EVs were found to inhibit apoptosis and enhance 
proliferation of hepatocytes via transfer of long intergenic 
non-coding RNA regulator of reprogramming (linc-ROR) 
[97].

EVs also promote the invasion of HCC tumours through 
normal liver tissue, as metastatic HCC-derived EV mobilise 
healthy hepatocytes via transfer of oncogenic cargo, such 
as mesenchymal-epithelial transition (MET) proto-onco-
gene, caveolins and S100 family members [98]. EV from 
metastatic HCC also contain miR-1247-3p which facilitates 
the conversion of normal fibroblasts to cancer-associated 
fibroblasts (CAFs) in lung metastases and increased pro-
inflammatory cytokine (IL-6 and IL-8) secretion [99]. In 
HCC patients, lung metastasis was positively correlated 
with serum levels of EV-derived miR-1247-3p. EV protein 
cargo in serum was also shown to aid differential diagno-
sis of intrahepatic cholangiocarcinoma, HCC and primary 
sclerosing cholangitis, which is challenging with current 
non-invasive tools [100]. These studies support the role of 
tumour-derived EV cargo in encouraging a tumour-favour-
able environment for progression and metastasis through 
communication with cancerous and non-cancerous cells, 
and advance the notion that promising biomarker candidates 
linked to oncogenic processes may be detected in circulat-
ing EVs.

Fibrosis

Liver fibrosis is a significant cause of morbidity and strong 
independent risk factor for mortality in chronic liver dis-
eases, especially NAFLD [101]. While effective treatment 
of the precipitating condition may reverse fibrosis in some 
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patients, specific antifibrotic treatment options are scarce 
[1] and patients may advance to cirrhosis and liver failure, 
often necessitating liver transplantation [43]. HSC activa-
tion is the principal event at the cellular level leading to 
ECM deposition and, under persistent profibrogenic con-
ditions, can produce fibrous scar and severely compro-
mise liver function [1, 7]. Fibrosis is a typical progression 
common among multiple chronic liver diseases and can 
be characterised by a number of molecular pathways not 
specifically altered by a particular condition. These may 
be monitored via EV-derived markers as described below; 
thus, in conjunction with disease-specific markers that 
identify the precipitating condition, fibrosis markers may 
be helpful in tracking the severity of this complication.

EVs from HSCs of both quiescent and myofibroblast 
phenotypes form a complex interplay of pro- and anti-
fibrotic EV signalling in the injured liver. One study deter-
mined that HSCs treated with PDGF-BB in vitro released 
EVs enriched with PDGF receptor-alpha (PDGFRα) 
via a mechanism of selective packaging [30]. The EVs 
promoted migration in recipient HSC and liver fibrosis 
in healthy mice, while inhibiting EV export of PDGFRα 
ameliorated fibrosis in carbon tetrachloride (CCL4)-treated 
mice. Patients with liver fibrosis also had increased lev-
els of PDGFRα in serum EV. HSC phenotype is further 
modulated by LSEC-derived EV. Wang et al. [43] showed 
that the EV specifically transfer SK1 and S1P cargo, which 
upregulate AKT phosphorylation and migration. Expres-
sion of each at RNA and protein level was detectable in 
EVs from mice with experimental liver fibrosis and human 
patients with alcoholic fibrosis.

The Hedgehog (Hh) pathway is critical to the wound-
healing response and tissue remodelling in chronic liver 
injury. Hh ligands released in EVs from damaged hepato-
cytes and aHSC, promote proliferation and angiogenesis 
in recipient HSC and endothelial progenitor cells, respec-
tively; and have been detected at increased levels in the 
plasma and bile of rats with fibrosis induced by bile duct 
ligation [48]. Further, discordant miRNA and protein 
cargo in EVs from qHSC and aHSC, either stimulate or 
inhibit fibrosis depending on the phenotype of originating 
and recipient cells. Serum EVs from healthy individuals 
contain “anti-fibrotic” miRNA which decreased CTGF, 
αSMA and collagen gene expression when applied to 
aHSC in vitro and reduced hepatic fibrosis and inflamma-
tion in CCL4-treated mice [1]. Meanwhile, a proteomic 
comparison of qHSC- and aHSC-derived EV revealed 
greater protein content in the latter, associated with 
profibrotic, inflammatory and chemotactic functions [7]. 
Accordingly, the presence of distinct pro- and anti-fibrotic 
EV populations in the liver presents the intriguing possi-
bility to track fibrogenic activity and develop novel anti-
fibrotic therapies.

Analysis of circulating tissue‑specific EV 
biomarkers

The studies described thus far indicate the potential for 
biomarkers with mechanistic links to chronic liver pathol-
ogy to be released in EVs and detected in the circulation 
(Fig. 3). However, the EVs harbouring these molecules 
of interest account for a relatively small proportion of the 
complex circulating mixture of vesicles, which are also 
derived from multiple other cells and organs. In plasma, 
platelets are a major source of EVs (originating up to 
90%), followed by other haematopoietic or endothelial 
cell types [102, 103]. While the reported proportion of 
hepatocyte-derived EVs in circulation varies widely [3, 
33], this may be as small as a fraction of a percent. Since 
conventional methods separate vesicles from other blood 
components based on physical properties, producing bulk 
isolates of heterogenous composition, the background 
noise from non-hepatic EVs may preclude the sensitive 
detection of disease-related changes. This is likely to 
be particularly apparent in the diagnosis of early-stage 
patients [104]. Evidently, the inability to efficiently iso-
late relevant subpopulations of EVs containing candidate 
biomarkers represents a major barrier to their clinical 
translation. Immunoaffinity capture fits within a broader 
framework of EV sample collection and analysis for blood-
based biomarker contexts. The methodology can be sum-
marised in a generic workflow (Fig. 4) that incorporates 
best practice (as reviewed by Useckaite, et. al. [105]) and 
recommendations for characterisation and reporting [27, 
106]. While the review of common isolation methods is 
beyond the present scope and described in detail elsewhere 
[102, 107], the following section will discuss the applica-
tion of immunoaffinity-based capture methods to detect 
cell- or tissue-specific EVs and analyse their cargo in the 
context of chronic liver diseases. Supplemented by emerg-
ing technologies, we envision this to serve as a foundation 
for the implementation of informed and actionable bio-
marker strategies with broader relevance to any condition 
or application. Studies described in this section are also 
listed in Table 2 under Cargo detected in circulating EVs 
for the particular disease.

Technologies to assess tissue‑specific EVs

Given the biogenesis pathway and cell of origin influence 
surface protein expression on EVs, the isolation of par-
ticular subpopulations can be achieved by immunoaffinity 
capture (IAC) [108]. IAC is based on the interactions of 
EV surface molecules with antibodies, most commonly 
against tetraspanins, that are covalently linked to a fixed 
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phase, such as magnetic or non-magnetic beads, plastic or 
silica plates, porous monolithic microtips or microfluidic 
devices [102]. Compared to conventional isolation meth-
ods, the use of antibodies permits the extraction of highly 
pure and specific EVs, lending itself to customisation 
against EV markers of interest [107, 108]. For instance, 
ASGR and CYP2E1 are known membrane-localised EV 
constituents with high specificity for EVs of hepatocyte 
origin, and have been applied for the selective analysis 
of hepatocyte-derived biomarkers for liver disease in vivo 
[109]. However, targeting specific EV populations inher-
ently reduces yield. Efficient recovery by IAC depends 
on the availability of antibodies with sufficient specificity 
and stability. The high cost of antibodies also limits scal-
ing of capture protocols to large sample volumes [107]. 
Though some techniques can be performed directly from 
biofluids, IAC is usually preceded by global EV enrich-
ment. Variability between different global isolation meth-
ods with respect to subtype enrichment and cargo [110], 
underscores the importance of confirming compatibility of 
a chosen method with downstream analyses. Despite pre-
sent limitations, emerging immunoaffinity-based technolo-
gies show promise to improve clinical biomarker analyses 
in a robust, timely and cost-effective manner.

Immunobead‑ or plate‑based capture

The most common approach to selectively isolate EV sub-
types involves incubation of EVs with antibodies conju-
gated to magnetic beads or on plates [111]. EVs positive 
for cell- or disease-specific surface markers can then be 
selectively removed from the mixture by magnetic forces 
or immobilisation on the plate surface. This may also be 
used to improve the purity of samples, pre-enriched by 
precipitation or ultracentrifugation, by targeting tetraspa-
nins [107]. The method is compatible with downstream 
analyses, including polymerase chain reaction (PCR), for 
direct quantification of molecular cargo [111], however, 
tight covalent bonds make the elution of bead- or plate-
bound EVs challenging. Use of low pH buffers can release 
intact EVs but may interfere with subsequent investiga-
tions of functional activity [108]. Nonetheless, for diag-
nostic purposes, pull-down of specific EV samples pre-
sents the opportunity to comprehensively interrogate cargo 
across multi-omics platforms and identify disease-specific 
molecular signatures. Immunoprecipitation of cell-specific 
EVs from biofluids has been applied in biomarker discov-
ery by a select number of groups, in the context of neu-
ronal pathology [112–115], cerebrovascular disease [116], 
transplant rejection [117], melanoma [118] and prostate 
cancer [119]. These reports consistently support the notion 
that EVs preferentially enriched for tissue origin are most 

informative of disease and thus enhance sensitivity and 
specificity of biomarker analyses. We recently isolated 
hepatocyte-derived EVs by anti-ASGR1 immunoprecip-
itation for the study of DMET induction by rifampicin 
and in pregnancy [53] and to compare the performance of 
miRNA biomarkers for NAFLD in unfractionated plasma, 
global circulating EVs and liver-specific EVs [68]. Only 
in applying the selective isolation technique, was a strong 
significant trend observed in biomarker expression with 
disease severity in NAFLD patients; thereby providing the 
first evidence for the utility of tissue-specific EV isolation 
techniques to improve diagnostic performance in chronic 
liver disease.

Flow cytometry

Flow cytometry is a powerful technique that can be applied 
to the enumeration and sizing of EVs from biofluids and 
phenotyping of specific subpopulations [120]. Particles in 
suspension are passed through a laser beam and measured 
based on light scatter and fluorescent emission. Conven-
tional flow cytometers were designed for measuring single 
cells, thus the limit of detection is substantially larger than 
the typical EV size distribution (between 200 and 500 nm 
depending on the instrument) [121]. Although modern 
developments in high-resolution flow cytometry have 
seen increased sensitivity towards lower limits (~ 100 nm), 
this still misses a significant portion of smaller EVs, as 
revealed by complementary techniques, such as nanopar-
ticle tracking analysis (NTA) [122]. Alternatively, larger 
complexes can be formed using immunobeads to detect 
the smaller range of EVs. This is useful for detecting EV 
subtypes based on surface composition but provides no 
direct insight into vesicle size [121]. Multiplexed flow 
cytometry approaches allow the high-throughput analysis 
of multiple markers of interest [110, 123]; however, like 
other immunolabelling approaches (e.g. Fluorescent NTA 
and immunogold-label EM), cargo detection is restricted 
to surface expression.

In chronic liver disease, such as NAFLD, flow cytometry 
approaches uphold the potential for cell-specific circulating 
EVs to diagnose and track progression. In a diet-induced 
mouse model of NASH, Li et al. [33] followed changes 
in circulating EVs derived from hepatocytes (ASGR1 + , 
CYP2E1 +), macrophages (Galectin 3 +), neutrophils (Ly-
6G/6C +) and platelets (CD61 +). Hepatocyte-specific EV 
levels were significantly elevated over the course of feed-
ing, occurring prior to histological evidence of inflamma-
tion and correlated with NAFLD activity score and features 
of NASH, including lobular inflammation and ballooning. 
Similarly, macrophage- and neutrophil-derived EVs were 
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increased and strongly associated with hepatic inflammation 
and fibrosis.

Povero et al. [3] also investigated changes in circulating 
hepatocyte-derived EVs, bearing ASGR1 and bile acyl-coen-
zyme A synthetase (SLC27A5), in human NASH patients 
with and without cirrhosis. SLC27A5 is a key enzyme in 
fatty acid uptake and synthesis. While greater expression 
is observed in steatotic hepatocytes, down-regulation has 
been associated with progression to cirrhosis due to loss of 
fat and functional parenchyma. In serum, SLC27A5 + EVs 
increased up to fourfold in NASH compared to healthy 
controls then decreased slightly in cirrhotic NASH. Mean-
while, ASGR1 + EV levels increased with disease severity, 
at almost twofold in pre-cirrhotic NASH and threefold in cir-
rhotic patients, compared to healthy controls. Liver-specific 
EV numbers exhibited strong correlations with features of 
NASH, including fibrosis stage, as well as various clinically 
relevant scores, such as FibroTest, Enhanced Liver Fibrosis 
(ELF) test and NAFLD Fibrosis Score (NFS). In addition, 
hepatocyte-derived EVs could predict clinically signifi-
cant portal hypertension (hepatic venous pressure gradi-
ent [HVPG] ≥ 10 mmHg) in cirrhotic NASH patients with 
sensitivity of 92% and specificity of 75% (area under the 
receiver operating characteristic curve [AUROC] = 0.79), 
identifying the cut-off as ≥ 668 EVs/µl serum. Proteomic 
profiling also revealed several differentially expressed pro-
teins that could distinguish advanced NASH from healthy 
controls (AUROC = 0.77) and pre-cirrhotic from cirrhotic 
NASH (AUROC = 0.80). Considering this analysis was per-
formed on global circulating EVs and in late-stage NAFLD 
cohorts, the potential benefit of selectively analysing hepat-
ocyte-derived EV protein cargo may be explored in simple 
steatosis or early NASH development.

It is noted that the above studies by and employed 
nanoscale flow cytometry with detection thresholds 
set to count EVs in the range of 110–1000 nm [33] and 
200–1000 nm [3], respectively. Although limited to the 
larger EV range, earlier reports utilising conventional flow 
cytometers have also shown compelling results in support 
of tissue-specific EV biomarkers for chronic liver disease. 
Specifically, the profiling of immune cell-derived EVs dis-
criminated patients with NAFL, NASH and HCV infection 
and healthy controls, and paralleled the extent of hepatic 
inflammation. Chronic HCV patients had greater circulat-
ing CD4 + and CD8 + T cell-derived EVs, while NAFLD 
patients had more EVs from invariant natural killer T cells 
and CD14 + macrophages. AUROC values ranged from 
0.652 to 0.999 for various cohort pairs [124]. Later work 
demonstrated that the combination of surface markers, 
Annexin V, EpCAM, ASGR1 and CD133, could be used 
to identify tumour-associated EVs in circulation and distin-
guish between liver cancers (HCC and cholangiocarcinoma) 
and tumour-free cirrhosis [125]. Similarly, EVs expressing 
hepatocyte paraffin 1 (HepPar1) were found in great abun-
dance in the circulation of patients with HCC, compared 
to virtually undetectable levels in tumour-free cirrhosis and 
healthy controls, and were proposed as an early marker of 
recurrence [126].

Microfluidic devices

Recent innovations in microfluidic hardware have driven the 
development of compact chip-like devices for the detection 
and isolation of EVs from biofluids. Microfluidic devices 
sort particles through a network of microchannels of var-
ying diameter, ranging from tens to hundreds of microns 

Fig. 3   Extracellular vesicle liquid biopsy for chronic liver diseases. Figure was created using BioRender.com
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[102, 121]. Vesicle isolation is achieved either by actively 
applying electric, magnetic or acoustic forces, or in a pas-
sive manner, depending on immunoaffinity interactions and 
size exclusion [127]. In IA-based devices, antibody-func-
tionalised surfaces immobilise target EVs flowing through 
the chip, to separate highly specific, pure vesicle subtypes. 
For example, the ExoChip device contains anti-CD63 to 

selectively capture exosomal small EV and has been applied 
for biomarker discovery in pancreatic cancer patients [128]. 
Progress in the design of these devices continue to improve 
sensitivity, reduce non-specific interactions and enhance 
capture efficiency by increasing surface area and mixing 
[127].

Fig. 4   Generic workflow for the sample collection and analysis of extracellular vesicle-derived biomarkers. Figure was created using BioRender.
com
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Key advantages of IA microfluidic chips include rapid 
processing time and low sample volume, requiring as little 
as ten microliters of plasma but taking up to a few hundred 
microliters [86]. It is noted that reducing sample input may 
be detrimental to downstream analyses, whereby biomarker 
yield in smaller volumes is insufficient for diagnostic pur-
poses [102]. Despite their current complexity and cost, the 
development of integrated on-chip analysis of EV cargo 
positions microfluidic devices as promising novel tools for 
point of care testing (POCT) [129]. Captured EVs may be 
lysed by chemical (e.g. Triton X-100) or physical (e.g. elec-
trical) means, and intraluminal nucleic acid amplified and 
analysed on-chip by quantitative PCR. Protein cargo may 
be detected by ELISA or released for off-chip proteomics 
[121, 127].

Recently, Sun et al. [32] designed an EV purification sys-
tem, called EV Click Chips, to isolate HCC-derived EVs 
directly from 500 µl of plasma, via surface expression of 
ASGR1, EpCAM and CD147. Expression of 10 HCC-spe-
cific mRNA transcripts, analysed by digital droplet PCR in 
the captured EVs, gave exceptional diagnostic performance 
across several cohorts. Specifically, HCC was distinguished 
from all non-cancer (AUROC = 0.87) and from other pri-
mary malignancies (AUROC = 0.95) and early HCC detec-
tion could be achieved amongst at-risk cirrhosis patients of 
viral hepatitis, ALD or NASH aetiology (AUROC = 0.93), 
outperforming serum AFP (AUROC = 0.69). While the 
application of microfluidic devices is mainly at the proof-
of-concept stage [111], longitudinal follow-up and valida-
tion in larger cohorts may soon see this novel non-invasive 
tool implemented in clinical settings for early diagnosis and 
patient monitoring.

Nano-plasmonic enhanced scattering assay.
Nano-plasmonic enhanced scattering assay (nPES) is a 

novel IAC technology that can isolate and quantify target 
EVs using capture and detection antibodies [104]. The assay, 
initially developed for tumour-derived EV from pancreatic 
cancer patients [130], was shown to considerably reduce 
cost, sample volume and analysis time and improved sen-
sitivity compared to ELISA [104]. Similar to microfluidic 
devices, nPES is attractive for POCT given the assay con-
sumes as little as 1–5 µl and can be performed directly from 
biofluids [13].

One research group recently developed a novel nPES 
assay to quantify hepatocyte-specific EVs as biomarkers 
for AH diagnosis [13] and for NAFLD resolution in obese 
patients undergoing weight loss surgery [109]. EV cap-
ture was achieved through ASGR2 or CYP2E1 and con-
firmed by CD63 positivity; and the capacity for circulating 
hepatocyte-specific EV levels to differentiate patients from 
controls was demonstrated in each cohort. Interestingly, 
hepatocyte-EVs correlated with steatosis and inflammation 

in NAFLD. The findings by Nakao and co-workers are in 
line with an earlier study that showed a 68% reduction in 
circulating hepatocyte-EVs (ASGR1 + , HepPar1 +) after 
bariatric surgery; however, the use of flow cytometry lim-
ited vesicle detection to those within 200–900 nm diameter 
[131].

Finally, lipidomic analysis revealed differential sphin-
golipid cargo in global EVs that was integrated in multi-
variable logistic regression models with MELD score and 
log global EV count to predict 90-day mortality in AH 
(AUC = 0.91) [13]; and with body mass index and small 
EV (110,000×g UC pellet) count to identify NAFLD 
(AUC = 0.80) [109]. Given the shortfalls of global EV analy-
sis, further development and validation of nPES and other 
technologies to selectively analyse molecular signatures in 
cell-specific EVs may advance clinical translation of predic-
tive models such as these.

Concluding remarks

EVs mediate a vast array of complex biological functions, 
related to the maintenance of liver homeostasis as well as 
the initiation and progression of liver diseases. A multiplic-
ity of reports underpins the mechanistic link between EV-
mediated cellular crosstalk and pathogenic processes that 
translate to differential expression in EV-based biomarkers 
across human patients and healthy subjects. The stability and 
accessibility of EV in peripheral blood are among attractive 
characteristics that compel their application as minimally 
invasive biomarkers. In the field of chronic liver disease, 
such tools for diagnosis and tracking of disease status and 
response to therapeutic intervention is in critical demand. 
The advancement of platforms designed to specifically 
isolate and analyse EVs, derived from cells or tissues rel-
evant to the condition of interest, may greatly enhance the 
sensitivity and reproducibility of circulating EV biomarker 
analyses. It is our overarching view that clinical use will be 
supported by the development of these technologies and a 
holistic approach to evaluating disease-specific EV signa-
tures of composite molecular species.
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