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Abstract

Extracellular vesicles (EVs) are membrane derived nanometer-sized vesicles. EVs are released by 

normal, diseased, and transformed cells in vitro and in vivo, and carry lipids, proteins, mRNAs, 

non-coding RNAs, and even DNA out of cells. Transferring biological information via EVs to 

neighboring cells and inter-cellular communication not only maintain physiological functions, but 

also involve in the pathogenesis of several diseases, including cancer. The aim of this review is to 

discuss the emerging role of EVs in viral hepatitis, non-alcoholic or alcoholic liver disease and 

liver cancers. We summarize what is known about exosome biogenesis, and role in liver disease 

progression, and discuss the potential clinical applications of EVs as predictive biomarkers and 

therapeutic modalities.
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1. Introduction

In the past decade, emerging evidences observed the interest in the role of extracellular 

vesicles (EVs), especially exosomes, for intercellular communication. The important role of 

EVs for intercellular transport of trophic materials was first reported in 1980 (Trams et al., 

1981). Since then, increasing evidences in the field of extracellular vesicle research has 

implicated the role of EVs as novel mediators of intercellular communication for both short 

and longer-range signaling events (Raposo and Stoorvogel, 2013; Simons and Raposo, 2009; 

Balaj et al., 2011; Cossetti et al., 2014; Mass et al., 2017).

EVs contain different cytosolic proteins derived from the parent cell. These proteins are 

particularly enriched in integrins, MHC molecules, and cytoskeletal proteins, and also 

express a selection of relatively vesicle-specific proteins often used as EV markers such as 
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the tetraspanins TSG10 or CD63 (Huang-Doran et al., 2017). For EV isolation, these 

markers are used in immune-affinity-based techniques or for assessing the purity of the 

molecules after isolating using other techniques such as ultracentrifugation, density gradient 

separation, and polymer-based precipitation methods.

All EVs bear surface molecules that allow them to be targeted to recipient cells. Once 

attached to a target cell, EVs can induce signaling via receptor-ligand interaction or can be 

internalized by endocytosis and/or phagocytosis or even fuse with the target cell’s membrane 

to deliver their content into its cytosol, thereby modifying the physiological state of the 

recipient cell. EVs can be isolated from many biological fluids, including blood, milk, 

saliva, malignant ascites, amniotic fluid and urine (Thery et al., 2006; Keller et al., 2011; 

Lässer et al., 2011). Cells can secrete different types of EVs that have been classified 

according to their sub-cellular origin (Colombo et al., 2014).

Liver is a multicellular organ and comprised of parenchymal (hepatocytes) and non-

parenchymal cells such as Kupffer cells, hepatic stellate cells, liver endothelial cells and 

intrahepatic lymphocytes including T cells, natural killer T (NKT) cells, and natural killer 

(NK) cells (Crispe, 2009). All these cellular populations need an intercellular 

communication for coordination of their behaviors to function properly. More evidences 

suggested the role of secreted extracellular vesicles in the intracellular signaling within the 

liver, besides autocrine-paracrine and cell-cell contacts.

1.1. Classification of extracellular vesicles

EVs carry a battery of bioactive cargo of soluble and membrane-bound protein, lipids, 

metabolites, DNA, and RNA (mRNA, miRNAs, and other small regulatory RNAs), and 

represent a nonidentical subset of the contents of the parent cell of origin (Tkach & Thery, 

2016; Mass et al., 2017). EVs can be divided into three categories based on the current state 

of knowledge of their biogenesis (Huang-Doran et al, 2017). Discrete biogenesis pathways 

result in subsets of EVs namely: (i) exosomes, (ii) microvesicles, and (iii) apoptotic bodies, 

as schematically depicted in figure 1.

Exosomes are complex (30–150 nm) vesicles formed by the interior budding of endosomal 

membranes to form large multivesicular bodies (MVBs). Exosomes play an important role in 

not only cellular homeostasis, but also in the pathogenesis of major human diseases. More 

evidence suggested that exosomes carry material from one cell to other cell for initiation of 

disease. Further, exosomes have been implicated for a promising source of disease-

associated biomarkers, and may eventually be used as delivery vehicle for targeted 

biological therapies. Extracellular vesicles may be produced by budding from the 

extracellular membrane yielding particles from 100 to 1,000 nm known as microvesicles, 

shedding microvesicles or microparticles. Apoptotic vesicles are formed by large-scale 

plasma membrane blebbing, released during apoptotic cell death and are generally larger 

(100–5,000 nm in diameter) (Van der Pol et al., 2012). Apoptotic bodies are not the focus of 

this review wherein we focus on EVs released under sublethal pathophysiologic conditions. 

Recently, a larger size EV population (1–10 μm diameter) was identified from highly 

migratory cancer cells termed oncosomes (Wendler et al., 2016).
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1.2. Biogenesis and cellular release of extracellular vesicles

The process of distinguishing exosomes and microvesicles are based on their biogenesis and 

release into extracellular milieu. However, this process is still not well understood and many 

studies suggest that the mechanisms of exosome biogenesis can be cell specific and 

pathological or physiological condition of the cells, the stimuli triggering their release, and 

the different pathways of EV biogenesis (Van der Pol et al., 2012; Kourembanas, 2015). 

Exosomes are mainly secreted by two different mechanisms, constitutive release via the 

trans-Golgi network and inducible release (Perez-Hernandez et al., 2013, Record et al., 

2014). In the vesicle generation process, the coordination of endosomal sorting complex 

proteins (ESCRTs) plays important roles. ESCRT0 ubiquitinates proteins for MVB delivery 

and recruits ESCRTI to endosomal membrane, which in turn recruits ESCRTII and 

ESCRTIII. Polymeric filaments formation are mediated by ESCRTIII which leads to 

membrane invaginations and eventually results in intraluminal vesicle (ILV) formation 

(Katzmann et al., 2001; Babst et al., 2002; Wollert et al., 2009; Tamai et al., 2010; Kowal et 

al., 2014). The presence of ESCRT components in exosomes was identified using high 

throughput protein analysis methods. Downregulation of key components of ESCRT system 

abrogates ILV formation and release of exosomes (Tamai et al., 2010).

Exosome release is also controlled by Rab guanosine triphosphatases. For example, Rab11 

associates with vesicles derived from the trans-Golgi network, promoting MVB formation 

and subsequent plasma membrane fusion (Hirsova et al., 2016). We observed that 

knockdown of Rab27a inhibits generation of intracellular and extracellular infectious 

hepatitis C virus particles (Shrivastava et al., 2015). Further, silencing of Rab27a decreases 

exosome release in the culture supernatant without altering the exosome protein content 

(Ostrowski et al., 2010; Shrivastava et al., 2015). The process of biogenesis and exosome 

secretion is described elsewhere (Kowal et al., 2014; Hirsova et al., 2016; Mass et al., 2017) 

and summarized in figure 2.

Methods of exosomes isolation are summarized below. Culture supernatants from control or 

virus infected hepatocytes were collected and centrifuged at 300 x g at 4 °C for 5 min. 

Without disturbing the cell pellet, supernatants were transferred to new tube. Supernatants 

then sequentially centrifuged at 2,000 x g for 10 min at 4 °C, 26,500 x g for 30 min at 4 °C 

followed by at 110,000 x g for 90 min at 4 °C. After discarding the supernatant, and the 

exosome pellet was washed two times with PBS by centrifugation at 110,000 x g for 60 min 

at 4 °C. The final pellet was suspended in PBS to 1/10 of the original volume of culture 

supernatant for analysis. Alternatively, culture supernatants were centrifuged at 3,000 x g at 

4 °C for 15 min. ExoQuick reagent from System Bioscience (Palo Alto, CA) at a ratio of 5:1 

was added, mixed well and incubated overnight at 4 °C. Mixer was centrifuged at 2,000 x g 

for 30 min at 4 °C. Residual supernatant was removed and pellet was suspended in PBS for 

analysis. Other methods are discussed in a rodent review (Szabo and Momen-Heravi, 2017). 

The size distribution of exosomes was checked by dynamic light scattering (DLS) using a 

Zetasizer Nano (Malvern Instruments).
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Extracellular vesicles alterations in liver diseases

EVs have been the topic of great interest in recent years in medical research. In particular, 

EVs are of great interest in liver pathology because they regulate cell-cell communications 

and a number of pathophysiological events in various types of cells via horizontal transfer of 

their cargo which can be transferred from donor cells to recipient cells and can activate or 

regulate cell activities such as protein expression, cell proliferation and differentiation or 

antiviral responses.

1.3. The role of extracellular vesicles in viral hepatitis

Extracellular vesicles, especially exosomes, are involved in viral spread, immune regulation 

and antiviral response during viral infection (Chahar et al., 2015; Kouwaki et al., 2017). EVs 

are important players in the pathogenesis of viral hepatitis, including viral spread, antiviral 

innate immune response, and initiation of disease progression. Hepatitis A virus (HAV) is a 

hepatotropic positive-strand RNA virus. HAV infection occurs sporadically and in epidemics 

worldwide, and causes moderate to severe acute liver inflammation but is unable to establish 

persistent infection. It has been shown that exosomally packaged virions, termed eHAV, are 

responsible for plasmacytoid dendritic cell (pDC) activation and spread of infection (Feng et 

al., 2013). eHAVs may be egressed via an exosome-like mechanism involving endosomal 

budding of HAV capsids into MVBs (McKnight et al., 2017)

Hepatitis B virus (HBV) infection is one of the major causes of hepatocellular carcinoma. 

Interferon-α (IFN-α) induced antiviral response can be spread from liver nonparenchymal 

cells (LNPCs) to HBV-infected hepatocytes via exosomes (Li et al., 2013). Exosomes 

isolated from chronic hepatitis B (CHB) patients’ sera contained HBV viral components, 

which induces active HBV infection in naive hepatocytes and also into NK cells (Yang et al., 

2017). Exposure to HBV in NK cells causes NK-cell dysfunction, and impairment of innate 

immune response.

Hepatitis C virus (HCV), a blood borne human pathogen, is a major player for end-stage 

liver disease. EVs, especially exosomes, isolated from HCV infected hepatocytes transmit 

HCV infection in vitro to naive human hepatoma cells and establishing a productive 

infection (Ramakrishnaiah et al., 2013; Longatti et al., 2015; Shrivastava et al., 2015). 

Exosomes isolated from HCV-infected patients’ sera contain HCV RNA and elevated levels 

of Ago2 and HSP90 proteins helping viral receptor-mediated transmission to hepatocytes 

(Bukong et al., 2014). Liver-resident plasmacytoid dendritic cells (pDCs) produce type I 

interferon when exposed to exosomes isolated from infected hepatocytes (Dreux et al., 

2012). Exosomes isolated from liver endothelial cells stimulated by either type I or III IFNs 

can suppress HCV replication in infected hepatocytes (Giugliano et al., 2015).

Hepatitis E virus (HEV) causes acute and chronic hepatitis in humans. HEV particles are 

transferred and released through the MVBs (Nagashima et al., 2014). Treatment of exosome 

blocker or silencing Rab27A or Hrs significantly decreases HEV particles released from the 

cells.
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Circulating EVs are heterogeneous and derived from diverse cell types. Therefore, it is 

possible that immune cell derived EVs from patients with chronic hepatitis C could be 

differentiated from patients with nonalcoholic steatohepatitis (NASH) and may be used as 

markers (Kornek M et al, 2012). These findings suggest that both viral infection and 

antiviral response are mediated by cell-cell communication through exosomes depending on 

the type of pathogen and target cells. Thus, exosomes can be exploited as candidate for 

antiviral or vaccine (Devhare and Ray, 2017). Further, identification and delivery of specific 

antiviral molecules through EVs is a potential therapeutic strategy for chronic hepatitis B 

and C.

1.4. The role of extracellular vesicles in non-alcoholic steatohepatitis

Hepatocyte cellular dysfunction and death induced by lipids and macrophage-associated 

inflammation are characteristics of NASH. Lipid induced EVs derived from hepatocytes 

contain tumor necrosis factor-related apoptosis-inducing ligand and induce inflammatory 

phenotype in mouse bone marrow-derived macrophages (Hirsova et al., 2016). EVs are 

released from hepatocytes in response to lipotoxic fatty acids and internalized by stellate 

cells leading to their fibrogenic activation (Ban et al., 2016). Lipotoxic hepatocytes also 

release ceramide enriched EVs which activates macrophage chemotaxis, a potential 

mechanism for the recruitment of macrophages to the liver under lipotoxic conditions 

(Kakazu et al., 2016). EVs released from lipotoxic hepatocytes activate hepatic stellate cells 

(HSCs) (Povero et al., 2015). MiR-128-3p carried via EVs suppresses proliferator-activated 

receptor-γ (PPAR-γ), a critical modulator of stellate cell activation. Patients with non-

alcoholic fatty liver disease (NAFLD) or NASH secrete increased levels of microvesicles 

derived from macrophages and natural killer T cells (Kornek et al., 2012). Involvement of 

circulating EVs in the innate immune response with steatosis suggests their role in the 

progression from early NAFLD to NASH. NAFLD is implicated as a major driver of hepatic 

fibrosis. This is important from physiological perspective because encapsulation of certain 

molecules can prevent enzymatic degradation, especially in an unpredictable disease 

environment. On the other hand, these protected molecules may lead to stimulate 

inflammatory cells, resulting in exacerbation of tissue injury.

1.5. The role of extracellular vesicles in alcoholic hepatitis

EVs play a role in alcoholic hepatitis. Both hepatocyte-derived and monocyte-derived EVs 

have been suggested to regulate macrophage phenotype, resulting in inflammation in 

alcoholic hepatitis. Human monocytes exposed to ethanol release significant amounts of 

exosomes and these exosomes can stimulate naïve monocytes to polarize and differentiate 

into M2-macrophages. Monocytes exposed to alcohol also secrete exosomes containing 

increased levels of miR-27a leading to increased cytokine secretion, followed by activation 

and polarization of other monocytes (Saha et al., 2015 and 2016). EVs derived from ethanol 

exposed hepatocytes carry proteins for macrophage activation. CD40 ligand carried through 

EV cargo promotes macrophage activation in experimental models of alcoholic hepatitis 

(Verma et al., 2016). These findings suggest that cells under disease conditions secrete 

elevated level of EVs or exosomes containing unique molecules, and trigger various 

pathophysiological events. Several studies suggested that EVs are increased in patients with 

alcoholic hepatitis and even in patients consuming excess ethanol (Momen-Heravi et al., 
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2015; Saha et al., 2016). Indeed, further studies are necessary to understand whether number 

of EVs or molecules carried via EVs can serve as a diagnostic and/or prognostic biomarker 

for alcoholic hepatitis.

1.6. The role of extracellular vesicles in liver fibrosis

Hepatic fibrosis occurs from deregulation of wound healing with the accumulation of 

extracellular matrix (ECM), including collagen Type I, leading to scar formation. Different 

cell types in the liver make a network and relate to hepatic fibrogenesis regulation (Guo and 

Friedman, 2007). Hepatic stellate cells (HSCs) are involved in the pathogenesis of liver 

fibrosis. EVs carry several molecules, suggesting their role in cell-to-cell communication, 

and support the idea that exosomes might constitute an exquisite mechanism for local and 

systemic intercellular transfer not only of proteins but also of genetic information in the 

form of RNA. Exosomes mediated intercellular shuttling of miR-214 was reported to 

regulate connective tissue growth factor 2 (CCN2) dependent fibrogenesis in HSCs (Chen et 

al., 2014). CCN2 is over-expressed during liver fibrosis (Huang and Brigstock, 2012), 

carried by exosomes within HSCs and promotes fibrogenic activation (Charrier et al., 2014). 

Liver cell derived microparticles are shown to have angiogenic properties on liver 

endothelial cells (Witek et al., 2009; Povero et al., 2013). Recently, we evaluated exosome 

mediated intercellular communication between HCV infected hepatocytes and hepatic 

stellate cells (Devhare et al., 2017). We observed that the miR-19a carried through the 

exosomes from HCV-infected hepatocytes activates HSC by modulating SOCS-STAT3-

TGFβ1 signaling axis (Fig. 3).

Endothelial cell-derived exosomes regulate pathological HSC activation by triggering 

sphingosine 1-phosphate dependent migration (Wang et al., 2015), suggesting paracrine 

crosstalk between endothelial cell and HSC. Therefore, EVs may be key mediators in 

fibrosis by enhancing HSC activation.

1.7. The role of extracellular vesicles in hepatocellular carcinoma

Emerging body of literature suggested the role of EVs in progression of hepatocellular 

carcinoma (HCC). For example, exosomes secreted from HCC cells contain a variety of 

miRNAs, which modulated the transforming growth factor β activated kinase-1 (TAK1) 

pathway in the other recipient HCC cells. As a result, anchorage independent growth of 

HCC cell lines is increased dramatically with HCC cell-derived exosomes (Kogure et al., 

2011). HCC cell-derived exosomes also promoted the cell growth, migration, and invasion 

of HCC cells and had the ability to shuttle miRNAs to recipient cells (Wei et al., 2015). 

Exosomes derived from HCC cell lines stimulated recipient hepatocytes to secrete matrix 

metalloproteinase-2 and -9 that facilitated the invasion of HCC cells (He et al., 2015), 

suggesting their participation in tumor microenvironment. Furthermore a key regulator of 

exosome biogenesis, Vps4A, is downregulated in HCC tissues, which is associated with 

tumor progression and metastasis (Wei et al., 2015). This study showed that Vps4A utilizes 

exosomes as mediators to regulate the secretion and uptake of tumor suppressor miRNAs in 

hepatoma cells; unveiling a new mechanism of HCC development. Several non-coding 

RNAs such as, miRNAs and lncRNAs are involved in HCC process. Selected exosomal 

miRNAs (e.g., miR-584, miR-517c, miR-378, miR-520f, miR142-5p, miR-451, miR-518d, 
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miR-215, miR-376a, miR-133b, and miR-367 are released from HCC cell lines and HCC 

developed in rodents (Santangelo et al., 2017). A few lncRNAs such as VLDLR, ROR, and 

TUC339 are found in circulating EVs. Exosomes released by CD90+ liver cancer stem like 

cells promote angiogenic phenotype and cell-to-cell adhesion (Conigliaro et al., 2015). 

Furthermore, the authors suggested the lncRNA H19, carried via exosomes, as a possible 

mediator of angiogenic effects. Therefore, these studies suggested an important role of EVs 

in the development of HCC. We have summarized the possible role of non-coding RNAs in 

liver diseases in Table 1.

1.8. Extracellular vesicles as Biomarkers

HCC is a silent disease and identification of a potential diagnostic biomarker is a thrust area 

of research in the field. Since EVs carry unique molecules such as proteins, mRNAs and 

miRNAs, the potential of EVs to use as a biomarker is quite high. Moreover, blood EVs can 

serve as a “liquid biopsy” and is minimally invasive, and can reduce the use of invasive liver 

biopsy for diagnosis of liver disease severity.

Expression profile of miRNAs in serum exosomes between patients with and without HCC 

recurrence after liver transplantation found that miR-718 is significantly decreased in 

exosomes of patients with HCC recurrence (Sugimachi et al., 2015). MiR-21 was found to 

be enriched in serum exosomes from patients with HCC which may serve as a potential 

biomarker for HCC diagnosis (Wang et al., 2014). Another study demonstrated the higher 

levels of serum exosomal miR-18a, miR-221, miR-222 and miR-224 and lower levels of 

miR-101, miR-106b, miR-122 and miR-195 in patients with HCC, suggesting the potential 

role of serum exosomal microRNAs as novel serological biomarkers for HCC (Sohn et al., 

2015). We also have demonstrated the role of exosomal miR-19a in fibrogenic activation of 

HSCs as well as the higher expression of serum derived exosomal miR-19a and miR-20a in 

patients with HCV mediated liver fibrosis (Shrivastava et al., 2013; Devhare et al., 2017) 

implicating their role as predictive biomarkers of HCV mediated liver disease. The 

expression profile of miRNAs in circulating vesicles of fibrotic patients with early stage of 

HBV and HCV induced liver fibrosis suggested the potential use of these vesicle-associated 

miRNAs as markers for early stages of liver fibrosis (Lambrecht et al., 2017).

Hepatocyte derived EVs contain mRNAs (Herrera et al., 2010) and liver specific mRNAs are 

found in bloodstream of galactosamine-induced liver damage in animal models. For 

detecting liver damage, amplification and quantification of these nucleic acids in blood 

samples have proved to be more sensitive than traditional transaminase activity 

quantification (Wetmore et al., 2010). The effect of CCl4-injured hepatocytes on the 

differentiation of the non-adherent fraction of bone marrow-derived mononuclear cells was 

investigated. Hepatocyte-like characteristics were observed in the non-adherent bone 

marrow-derived mononuclear cells after 24h of co-culture with injured hepatocytes. 

Microvesicles derived from differentiated cells revealed the presence of hepatocyte-specific 

mRNAs, including albumin, coagulation factor V, alpha-fetoprotein, and cytokeratin 18, 

suggesting a possible role in the induction of cell plasticity (Simon et al., 2015). Circulating 

miRNAs in serum exosomes have potential as novel biomarkers for predicting HCC 

recurrence.
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Recently, lncRNAs are found to be upregulated in HCC patient sera. lncRNA PVT1 and 

uc002mbe.2 showed potential as a diagnostic marker for HCC (Yu et al., 2016). These 

lncRNAs display association with clinical parameters including tumor size, Barcelona Clinic 

Liver Cancer (BCLC) stage, and serum bilirubin. Together, this information suggested that 

further work is needed to establish EVs as a potential diagnostic biomarker for liver disease.

1.9. Extracellular vesicles role in therapeutic approaches

Emerging studies demonstrated the importance of EVs in disease progression, suggesting 

they can be potential target for therapeutic intervention. EV-mediated pathological processes 

can be interrupted by inhibiting EV release, specific cargo carried by the vesicles or 

modulating the EV-target cell interaction. For example, inhibition of multiple proteins from 

the RAB guanosine triphosphatase family can prevent EV release. The effect of EVs can be 

disrupted by inhibiting a specific signaling molecule into EVs. Mixed lineage kinase 3 

inhibitors can prevent a lipotoxicity-induced enrichment of C-X-C motif ligand 10 

(CXCL10) in hepatocyte-derived EVs and decrease immune cell infiltration of the liver 

during NASH (Ibrahim et al., 2016). Blocking specific EV components or their interacting 

counterparts on the acceptor cells can inhibit the interaction between EV and target cell. 

Blockade of the fibronectin-integrin interaction attenuates exosome-induced HSC AKT 

phosphorylation and migration (Wang et al., 2015).

There are several advantages using EV-based therapy. EVs show low immunogenicity, 

toxicity and are stable in tissues and in circulation. EVs, especially exosomes, are used for 

anti-tumor vaccine delivery in clinical trials in non-small cell lung cancer patients (Lener et 

al., 2015). EVs can also be used as a vehicle for drug delivery. Both unmodified and 

engineered EVs can deliver nucleic acids, proteins, lipids, peptides, and chemotherapeutics 

to the target cells (Hirsova et al., 2016). Tumor-derived exosomes potently carry HCC 

antigens are reported to elicit a strong DC-mediated immune response for educating HCC 

microenvironment and tumor suppression in preclinical model (Rao et al., 2016). Together 

this information suggests that EVs have a great translational potential as a therapeutics or 

delivery vehicles for targeted therapy.

2. Summary and future prospects

Recent years have witnessed a renewed research interest in EVs, especially exosomes, and 

advances in our understanding of their assembly, release, and uptake and also the functions. 

Since EVs carry several molecules such as, DNA, protein, miRNAs, mRNAs, lncRNAs, they 

help in intra-cellular as well as inter-cellular communication. For liver cancer, early 

diagnosis is extremely important. It is conceivable that EVs carry specific elements (like 

distinct noncoding RNAs- miRNAs and lncRNAs) which can be considered as predictive 

biomarker. We and others have shown that HCV can release via exosomes and blocking 

exosome release can lower the HCV titer in cell culture system (Ramakrishnaiah et al., 

2013; Shrivastava et al., 2015). EVs isolated from HCV infected hepatocytes carry 

noncoding RNAs which activates hepatic stellate cells towards fibrosis (Devhare et al., 

2017). Emerging evidences suggest that EVs secreted from tumor cells either promote 

antitumor immune responses for tumor growth or attenuates anti-tumor immunity. The role 
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of other liver diseases such as liver injury or cholangiopathies are discussed elsewhere 

(Hirsova et al., 2016). There are several outstanding challenges and questions remain for 

EVs. Isolation and purification of EVs especially exosomes are coming to an agreement, 

however due to diverse size of these molecules, it should be rigorously monitored to avoid 

over-interpreting tantalizing observations. Uncovering the role of EVs for cell-cell 

communication may deliver new tools to further improve therapeutics and diagnosis.
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Figure 1. Classification of extracellular vesicles according to the mechanism of generation
Exosomes are generated intracellularly from multivesicular bodies. Microvesicles are 

produced by budding from the extracellular membrane. Apoptotic vesicles are released upon 

cell fragmentation during apoptotic cell death. Representative sizes are shown at the bottom.
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Figure 2. Schematic representation of exosome biogenesis by eukaryotic cells
Exosomes are formed as ILVs by budding into early endosomes and MVBs. Several 

molecules are involved in the biogenesis of ILVs, such as the ESCRT machinery, lipids (such 

as ceramide) and the tetraspanins. The fate of MVBs can be either fusion with lysosomes or 

fusion with the PM, which allows the release of their content to the extracellular milieu. 

Several RAB proteins (RAB11, RAB27 and RAB35) have been shown to be involved in the 

transport of MVBs to the PM and in exosome secretion. Other types of secreted vesicles bud 

directly from the plasma membrane, and are often called microvesicles.
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Figure 3. Schematic representation showing role of exosomes in HCV mediated liver disease
Exosomes released from HCV infected hepatocytes carry microRNA including miR-19a 

(Exo-miR-19a). Exo-miR-19a enters in quiescent hepatic stellate cells for fibrogenic 

activation. Circulatory miR-19a, miR-20a and miR-92a were upregulated in HCV-infected 

fibrosis patients’ sera.
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Table 1

Extracellular vesicles associated non-coding RNAs in liver disease

Non-coding RNA based 
biomarkers [expression]

Biological samples Species Type of liver disease Reference

Micro-RNA (miR)

miR19a [↑] Serum and cell line Human HCV infected patient and liver 
fibrosis

Devhare PB, 2017

miR 122 [↑] Serum Human, mice Alcohol induced hepatitis, viral 
hepatitis, HCC

Yu X, 2016; Szabo G, 
2017; Maji S, 2017

miR 122, miR 155 [↑] Serum mice Alcohol induced hepatitis Bala S, 2012;

miR 718 [↓] Serum Human HCC Szabo G, 2017; Sugimachi 
K, 2015

miR21 [↑] Serum Human HCC, Hepatoblastoma Szabo G, 2017; Liu W, 
2016; Wang H, 2014

miRNA-34a, miRNA-34b and 
miRNA-34c [↓]

Serum Human Hepatoblastoma Jiao C, 2017

miR214 [↑] Serum Mice Liver fibrosis Szabo G, 2017;

miRNA-192, miRNA-122, and 
miRNA-30a [↑]

Serum Mice, human Alcohol induced hepatitis, fatty liver 
disease

Momen-Heravi F, 2015; 
Maji S, 2017; Povero D, 
2014

miR 122, miR134, miR424-3p, 
miR629-5p [↑]

Serum Human HCV hepatitis Zhang S, 2015;

miR 198 [↓] Serum Human HCC Yu X, 2016

miR-939, miR- 595, and miR- 
519d

Serum Human differentially expressed in cirrhotic 
patients with and without HCC

Fornari F, 2015

miR-18a, miR- 221, miR-222, 
and miR-224 [↑]

Serum Human High in patients with chronic 
hepatitis B virus (HBV)- related 
HCC than in those with either HBV 
alone or liver cirrhosis

Sohn W, 2015

miR-101, miR-106b, miR-122, 
and miR-195

Serum Human low in patients with HCC than in 
patients with HBV

Sohn W, 2015

miR320 [↓] Xenograft tumor Mice HCC Zhang Z, 2017

miR-519d, miR- 21, miR-221 
and miR-1228 [differential 
expression]

Serum Human Cirrhotic patients with and without 
HCC

Fornari F, 2015

miR-18a, miR-221, miR-222 
and miR-224 [↑]

Serum Human HCC Sohn W, 2015

miR-221, let-7a, and miR-26a Serum Human HCC Li Y, 2015

Long-non coding RNA (lncRNA)

lncRNA-ROR [↑] Tumor Human HCC Takahashi K, 2014; 
Takahashi K, 2014

lncRNA- VLDLR [↑] Tumor Human HCC Takahashi K, 2014

lncRNA- TUC339 [↑] Tumor Human HCC Kogure T, 2013

lncRNA H19 [↑] CD90+ cancer cells Human HCC Conigliaro A, 2015
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