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Review Article
Exosomes as potent regulators of HCC malignancy and 
potential bio-tools in clinical application
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Abstract: Exosomes are small membranous vesicles about 30~100 nm in diameter and formed from inward bud-
ding of the limiting membrane of multi-vesicular bodies (MVB). Exosomes are secreted by most cell types (including 
hepatocellular carcinoma cells) into the extracellular environment and can be isolated from various body fluids. 
Exosomes have broad biological function through delivering contained molecules to the target cells. Although lim-
ited studies on hepatocellular carcinoma (HCC) exosomes, increasing observations suggest that exosomes are 
important in HCC metastatic and prognosis, and exosomes are potential new molecular biomarkers for diagnosis 
and prognosis of HCC. In this review, we briefly summarize the latest findings on HCC exosomes, and their potential 
functions for novel diagnostic and therapeutic approaches of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most prevalent tumors worldwide and it has 
high rate of metastasis and poor prognosis. 
HCC is the leading cause of cancer-related 
deaths in many Asian countries and is the third 
most frequent cause of cancer deaths world-
wide [1, 2]. There were more than half a million 
deaths per year. Although surgical resection, 
transarterial chemo embolization (TACE) and 
liver transplantation may be effective thera-
peutic approaches of this disease, many 
patients are not eligible due to the advanced 
stage at diagnosis or insufficient liver function 
in the setting of cirrhosis [3, 4]. Therefore, the 
identification of sensitive and specific biomark-
ers for detection of HCC or recurrence is urgent-
ly needed.

Exosomes are small membranous vesicles 
about 30~100 nm in diameter and formed 
from inward budding of the limiting membrane 
of multi-vesicular bodies (MVB). Exosomes are 
secreted into the extracellular environment by 
most cell types and can be isolated from vari-

ous body fluids such as serum, urine, and malig-
nant ascites [5-7]. Exosomes were firstly found 
in adult mammal reticulocyte; most prokaryotic 
and eukaryotic cells release exosomes, includ-
ing cancer cells such as liver, lung, breast, ovar-
ian, and melanoma [8]. Exosomes have broad 
biological function [9-11]. Different cellular exo-
somes contain a different set of molecules (pro-
teins, mRNAs and miRNAs) which may reveal 
genetic information of their parent cells [12]. 
Exosomes play physiological roles through 
delivering these molecules to the target cells 
and they are important supporter for the trans-
port of various biological molecules [9, 10]. 
Previous studies found that exosomes may be 
involved in tumor cells communication, migra-
tion, tumor angiogenesis [10, 13]. Liver cells 
are exosome-releasing cells as well as targets 
for exosomes derived from cells of other organs. 
Although limited studies on HCC exosomes, 
increasing observations suggest that exosomes 
are important in HCC metastatic and prognosis, 
and exosomes are potential new molecular bio-
markers for diagnosis and prognosis of HCC, 
moreover, exosomes are new potential treat-
ment of HCC else. In this review, we briefly sum-
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marize the latest findings on HCC exosomes, 
and their functions and significance for novel 
diagnostic and therapeutic approaches of HCC.

Composition and functions of exosomes

Morphological studies showed that exosomes 
belongs to multivesicular body (MVB), exo-
somes are small membranous vesicles (30-
100 nm) and wrapped by bilayer lipid mem-
brane [14]. MVBs fuse with the plasma 
membrane and release these microvesicles in 
an exocytic manner into biological fluids such 
as blood, urine, in vivo [9-11].

Exosomes contain a set of unique miRNAs, 
mRNAs, and proteins which may reveal genetic 
information of their parent cells [12]. Most of 
exosomes have the same evolutionary con-
served protein molecules, such as heat shock 
proteins (HSP), CD63 and transmembrane pro-
tein et al., they are the most typical conserved 
protein in exosomes [15]. Meanwhile, Exosomes 
can also carry cell signal pathway protein such 
as Wnt-β-catenin [16], interleukin [17], tumor 
antigen and immune suppressive protein FasL, 
Trail and TGF-β. Exosomes derived from differ-
ent cellular types can participate in diverse bio-
logical processes, including the mechanism of 
nonclassical secretory protein (HSP70, TCTP), 
regulation of immune response, signal trans-
mission between cells, transport of RNA and 
protein [15, 18].

fibers, and then exosomes promote tumor 
metastasis [19]. mRNA and miRNA contained 
in exosomes could regulate tumor development 
in plenty of pathways since entering the target 
cells. Glioma exosomes mRNA was translated 
and expressed after entering the cells, it stimu-
late cell proliferation and promote the growth of 
tumor [20]. Exosomes derived from metastatic 
gastric cancer cells release let-7 family miRNA, 
these miRNA can suppress antagonist of their 
target genes and transfer signals caused by 
tumor metastasis [21]. To date, the studies on 
the potential involvement of exosomes is limit-
ed to the metastasis of HCC. Previous studies 
have shown that the human hepatoma cell line, 
Hep3B, releases exosomes containing a 
specific subset of miRNAs that are taken up by 
an hepatocellular carcinoma cell line, HepG2, 
resulting in inhibition of transforming growth 
factor b activated kinase-1 (TAK1), loss of 
which has been implicated in hepatocarcino-
genesis [22].

It is well-known that the tumor microenviron-
ment can promote the metastatic cascade and 
that intercellular communication is necessary 
for this to occur. Exosomes as an important car-
rier in tumor microenvironment, they promote 
angiogenesis, invasion, and proliferation in 
recipient cells to support tumor growth and a 
prometastatic phenotype. Previous studies 
have shown that tumor and stromal cells can 
regulate the invasiveness of cancer cells 
through exosome-mediated delivery of protein 

Figure 1. Functional contribution of exosomes during the EMT and MET process 
in HCC progression and metastasis.

Exosomes in HCC metas-
tasis

Exosomes are remova- 
ble and RNAs, protein con-
tained in exosomes exten-
sively involved in regulat-
ing tumor invasion and 
metastasis, for example, 
exosomes secreted by 
tumor cells can promote 
the tumor circulartory me-
tastasis through their spe-
cific contents (such as 
TGF-β). It can also promo-
te fibroblasts differentiate 
into myofibroblasts,reduce 
the production of type I  
collagen and up-regulate 
degradation of collagen 
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Table 1. Exosome and exosomal cargo as biomarkers or therapeutics of HCC
Sample type Exosome or exosomal cargo Outcome Reference

HCC patients with LT Serum miR-718 Biomarker for HCC recurrence and prognosis [52]
HCC/Hepattis B patients Serum miR-221, miR191, miR-181a and miR-26a Biomarker for early-stage HCC diagnosis [53]
HCC rats Serum Exosome Biomarker for early-stage HCC diagnosis [54]
HCC patients Serum miR-21 Biomarker for HCC diagnosis [55]
HCC patients Serum miR-27b-3p, miR-92a-3p Targets of HCC therapy [56]
HCC cell lines Cell culture medium Exosome miRNA transfer and contribute to HCC metastases [57]
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and miRNA [15, 23, 24]. Various cytokines, 
growth factors, adhesion molecules and extra-
cellular matrix protein secreted by tumor cells 
which can mediate intercellular communication 
in tumor microenvironment, and these mole-
cules provide suitable environment for the sur-
vival and growth of cancer cells. Recent 
researches suggested that exosomes as an 
important carrier in tumor microenvironment 
maybe an effective way that these molecules 
enter into the microenvironment, and then they 
promote immune suppression, angiogenesis 
and formation of microenvironment before 
tumor metastasis. Rana et al. found that tumor 
exosomes educate selected host tissues 
toward a prometastatic phenotype [23]. Large 
oncosomes in human prostate cancer tissues 
and in the circulation of mice with metastatic 
disease, which can activate the tumor cells, 
endothelial cells and fibroblasts cells. These 
results suggested that exosomes are involved 
in tumor metastasis and promote the develop-
ment of tumor [24].

Moreover, exosomes can also regulate hepato-
cellular carcinoma metastasis by promoting 
angiogenesis and epithelial-mesenchymal- 
transition (EMT) (Figure 1). EMT is a process 
whereby epithelial cells undergo a shift in plas-
ticity and acquire the ability to disseminate, 
invade, and cause metastasis [25]. The protein 
composition of exosomes has been analyzed 
extensively, inducers of EMT have been found 
in association with exosomes including TGF-β 
[26], TNFα, IL-6, TSG101, AKT, ILK1, β-catenin 
[27, 28], hepatoma-derived growth factor, 
casein kinase II (CK2), annexin A2 [29], and 
matrix metalloproteinases [30]. In addition, a 
growing number of miRNAs have been impli-
cated in the regulation of EMT-related pathways 
in cancer [31], miR15a could be transported 
from bone marrow-derived mesenchymal cells 
via exosomes to promote multiple myeloma 
(MM) cell invasion [32]. In the last decade, 
experimental evidence has come to light defin-
ing exosomes induced plasticity in recipient 
cells as EMT, however, it’s not clear the role of 
exosomes in HCC metastasis through EMT 
pathway, it is the direction of our future 
research.

HCC exosomes as diagnostic and prognostic 
biomarkers

Currently, exosomes from urine and other body 
fluids (saliva) are considered as noninvasive 

sources of molecular biomarkers for early 
detection and prognosis of various diseases, 
including HCC [33], Parkinson’s disease [34], 
and other tumors. This approach is based on 
the observations that exosomes present in 
blood and urine contain specific proteins, 
mRNAs and miRNAs derived from multiple 
organs, including liver, and that the exosomal 
cargo may be associated with progression of 
HCC [35, 36] (Table 1). Exosomal miR-21 may 
serve as a potential biomarker for HCC diagno-
sis, and sensitivity of detection using serum 
miR-21 is much lower than using exosomal. It 
suggests that miR-21 in exosomes is one of 
effective diagnostic markers of HCC [37]. In 
addition, miRNA in exosomes as a diagnostic 
marker of HCC has been applied in clinic and 
achieved some results. miR-718 showed signifi-
cantly different expression in the serum exo-
somes of HCC cases with recurrence after liver 
transplantation compared with those without 
recurrence, HOXB8 as a potential target gene 
of miR-718, and its upregulation was associat-
ed with poor prognosis. These results indicate 
that circulating miRNAs in serum exosomes 
have potential as novel biomarkers for predict-
ing HCC recurrence [38].

In addition, miR-92a is markedly down-regulat-
ed in HCC, and the change is associated with 
cancer development and progression [39]. 
miRNA expression profile significantly varies 
when a blood sample is processed into either 
serum or plasma. And the relative amount of 
exosomal miR-92a is significantly decreased in 
the plasma of HCC patients compared with 
healthy donors. Although the pathophysiologi-
cal significance of the decrease of miR-92a in 
HCC patient’s plasma is still unknown, deregu-
lation of miR-92a expression in cells and plas-
ma is implicated in the development of HCC, 
and the level of exosomal miR-92a in plasma is 
considered as a potential diagnostic marker of 
HCC [40, 41]. 

In a word, although exosomes as diagnostic 
and prognostic biomarkers of HCC is still in the 
initial stage, present research results indicate 
that the method may have a wide application 
prospect with the development of extraction 
and analysis technology of exosomes.

Exosomes as novel therapeutics for HCC

Nowadays, despite a wide range of combined 
therapies are involved in the treatment of HCC, 
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the efficacy of these methods and the progno-
sis of patients with HCC in late stage is still 
extremely poor. The 5-year overall survival rate 
of stage 3 and stage 4 HCC is less than 20% 
though chemotherapy and TACE could result in 
transiently regression of tumor. At present new 
treatment for different cancers (including HCC) 
based on tumor exosomes research has been 
making remarkable strides. Aucher A et al. uti-
lized human macrophages transfer microRNAs 
(miRNAs) to hepato-carcinoma cells (HCCs) in a 
manner that required intercellular contact and 
involved gap junctions, they found that transfer 
of these miRNAs influenced post-transcription-
al regulation of proteins in HCCs, including 
decreased expression of reporter proteins and 
endogenously expressed stathmin-1 and insu-
lin-like growth factor-1 receptor. Importantly, 
transfer of miRNAs from macrophages func-
tionally inhibited proliferation of these hepato-
carcinoma cells. These data indicated that 
intercellular transfer of miRNA from immune 
cells could serve as a new defense against 
tumor growth [42].

Based on observations that exosomes released 
by tumor cells (including HCC) under stress con-
dition contain HSPs that can improve tumor 
immunogenicity and induce NKT cell anti-tumor 
responses, the potential use of HSP-bearing 
exosomes for immunotherapy of HCC was pro-
posed [43]. Ma B et al. demonstrated that 
murine bone marrow stromal cells pulsed with 
homologous tumor-derived exosomes inhabit 
proliferation of liver cancer cells, they suggest-
ed that exosomes have the potential to be used 
for therapy of HCC in future [44]. Xiao W et al. 
showed that the epigenetic drug MS-275 modi-
fied exosomes enhance the cytotoxic effect of 
NK cells significantly through upregulating the 
expression of MICA, MICB and HSP70. MS-275 
may function as potential tumor vaccines 
against liver cancer [45]. The exosomes elicited 
CTL-specific cytotoxicity was enhanced by cis-
platin, the therapy of cisplatin combined with 
exosomes had significant synergistic effect 
against tumor. The mechanism of synergistic 
effect includes enhancement of CTL activity 
[46].

Exosomes derived from human adult liver stem 
cells (HLSC) inhibited the growth and stimulate 
apoptosis of primary HCC cells in vitro by deliv-

ering antitumor miRNAs [47]. Herrera MB et al. 
found that MVs derived from HLSC induced in 
vitro proliferation and apoptosis resistance of 
human and rat hepatocytes. When adminis-
tered in vivo, MVs accelerated the morphologi-
cal and functional recovery of liver in a model of 
70% hepatectomy in rats, in addition, they 
found the expression of human AGO2 mRNA 
and protein in the liver of hepatectomized rats 
treated with MVs [48]. Vps4A as a key regulator 
of exosome biogenesis was frequently down-
regulated in HCC tissues, the reduction of 
Vps4A in HCC tissues was associated with 
tumor progression and metastasis. Vps4A may 
be a tumor suppressor and utilize exosomes as 
mediators to regulate the secretion and uptake 
of miRNAs in hepatoma cells [49]. Moreover, 
exosomes can also directly induced tumor cell 
apoptosis. Ristorcelli E et al. found that interac-
tions of exosomal nanoparticles with target 
cells hampered the functioning of the Notch-1 
survival pathway and activated the apoptotic 
pathway, which determines tumoral cell growth 
[50, 51].

Conclusions

Exosomes play an important role in the devel-
opment and progression of HCC. To date, stud-
ies on liver exosomes are limited and most 
studies stemmed from cytology experiment. 
Previous studies suggested that exosomes as a 
carrier in tumor microenvironment play an 
important role in the development and progres-
sion of HCC, it is also a potential and effective 
biomarker for the diagnosis and prognosis of 

HCC. miRNA secreted by HCC exosomes can 
induce a variety of biological functions, it may 
be a new direction for HCC targeted therapy 
through inactivation of oncogenic miRNA. On 
the other hand, although the progress of exo-
somes research is exciting, many problems 
remain to be further elucidated, for example, 
role of exosomes in the EMT pathway of HCC 
metastasis and mechanism of exosomes 
between HCC and the target cells remains to be 
further studied.
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