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Abstract
Hepatocellular carcinoma is one of the most common malignant tumors worldwide and the fourth leading cause
of cancer-related deaths. The prognosis of hepatocellular carcinoma patients is extremely poor due to the occult
onset and high metastasis of hepatocellular carcinoma. Therefore, biomarkers with high specificity and sensitivity
are of great importance in early screening, diagnosis prognosis, and treatment of hepatocellular carcinoma patients.
Exosomes are tiny vesicles secreted by various types of cells, which can serve as mediators of intercellular communication to regulate the tumor microenvironment, and play a key role in the occurrence, development, prognosis, monitor and treatment of hepatocellular carcinoma. As microRNA deliverer, exosomes are involved in multiple life activities
by regulating target genes of recipient cells such as proliferation, invasion, metastasis and apoptosis of cancer cells. In
this review, we summarized the composition, active mechanism and function of exosomal microRNAs in hepatocellular carcinoma, and elaborated on their potential application value of early diagnosis and treatment in hepatocellular
carcinoma.
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Introduction
Hepatocellular carcinoma (HCC), the main form of primary liver cancer, is the sixth most common malignant
tumor in the world and the fourth leading cause of cancer-related deaths globally [1, 2]. Due to its occult onset,
the high degree of malignancy and poor prognosis, HCC
is a serious threat to human’s physical and mental health
HCC is considered the major cause of death in patients
with cirrhosis, and its morbidity is estimated to increase
in the future [3, 4]. Most hepatocyte cases (80 %) occur in
sub-Saharan Africa and East Asia, where the major risk
factors are chronic hepatitis B infection and exposure to
aflatoxin B1 [5].
The development of HCC is a complex multi-step
process including persistent inflammatory damage and
hepatocyte necrosis and regeneration associated with
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fiber deposition. The occurrence of HCC is the result
of both epigenetic modification and the accumulation
of somatic genomes mutation, which explains its great
molecular heterogeneity [6]. Seeking reliable biomarkers
for screening and diagnosis of hepatocellular carcinoma
has important clinical application value [7]. Serum tumor
markers are effective for HCC surveillance and early
diagnosis because of the less-invasive, objective, and
repeatable assessment. Alpha-fetoprotein the most commonly used serologic test item, but in retrospective casecontrol studies, even with the most effective threshold
(10–20 ng/mL), the reported sensitivity was around 60 %
and specificity was only 80 % [8, 9].The main treatment
options for HCC are surgical resection, transplantation,
ablation, transarterial chemoembolization [10–12], and
drug therapy such as sorafenib [13, 14], levatinib [15],
and regorafenib [16]. They are all tyrosine kinase inhibitors. In recent years, extensive studies on the biochemical properties and biological functions of exosomes have
been conducted, and both in vitro and in vivo experiments have confirmed that exosomes may play a vital role
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in the occurrence, development, diagnosis and treatment
of HCC, which can provide new insights for a comprehensive understanding of HCC [17].
Exosomes are nanovesicles with a diameter of
50–150 nm secreted from different cell types into the
extracellular environment by fusion with the cell membrane [18]. They contain proteins and various genetic
materials, including mRNA, microRNA, and other ncRNAs [19]. They are involved in intercellular communication and microenvironment regulation by mediating
signal pathways in recipient cells and thus play a crucial
role in chemical resistance, angiogenesis [20], epithelialmesenchymal transition (EMT) [21] and metastasis of
tumors [22]. On the one hand, tumor cells affect neighbor cells through exosomes and establish a tumorigenic
microenvironment. On the other hand, matrix cells (such
as stellate cells and mesenchymal stem cells) and immune
cells may interfere with tumor cells to promote or prevent tumorigenesis through exosomes [23].
MicroRNAs are a class of conservative small noncoding RNAs of 17-24nt in length. By complementary
base pairing with target mRNA, they lead RNA-induced
silencing complex (RISC) to degrade mRNA or cut off
its translation, inhibiting protein expression, and thus
involved in post-transcriptional control [24, 25]. MicroRNA proved to be involved in many biological activities, including cell proliferation, cell differentiation, cell
migration, disease initiation and progression [26–29].
Lotvall et al. first proposed the “exosome shuttle RNA
(esRNA)” hypothesis in 2007, confirming that exosomes
from mouse mast cells contain mRNAs and microRNAs
which can be delivered into human mast cells and function in recipient cells [30]. The imbalance of exosomal
microRNA expression can accelerate disease progression
and affect the pathophysiological status of tumor and
its abnormal expression is closely related to the occurrence and development of tumor [31, 32]. The latest studies found that microRNAs mediated by exosomes also
play a crucial role in the occurrence and development
of liver cancer [33]. Considering that liver biopsy is the
gold standard for monitoring and evaluating liver disease
but with a risk of bleeding and infection, less-invasive
diagnostic tools are urgently needed [34]. Therefore, the
detection of serum exosomal microRNA for early diagnosis and prognosis prediction of HCC becomes attractive. In addition, compared with cell therapy, cell-free
exosome therapy has lower immunogenicity with stable
contents and is easy to store and mass produce, preventing many risks and difficulties. Cell-free exosome therapy
represents a promising new treatment method [35, 36].
The previously published reviews mostly focused on the
related functional mechanisms of exosomes in HCC[17,
37–39]. In this review, we summarized the expression
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changes and the functions of exosomal microRNAs in
HCC. We also discussed the changes of exosomal microRNA/signaling pathway. Finally, we further discussed the
clinical application values of exosomal microRNAs as
biomarkers for HCC.

Changes in the expression of microRNA in HCC
exosomes
More and more studies have shown that the expression
of exosomal microRNAs is closely related to the progression of HCC, and can even be used to distinguish tumors
of different grades. As early as 2014, Wang et al. detected
the expression of exo-miR-21 in serums of patients with
HCC or chronic hepatitis B, and evaluated its potential
for early detection of HCC. Researchers found that the
expression level of exo-miR-21 in patients with HCC was
significantly higher than that in patients with chronic
hepatitis B or healthy persons, and had a higher diagnostic sensitivity [40]. Another research used microRNA
deep sequencing to screen differentially expressed microRNAs in HCC and cirrhosis, and then utilized qPCR to
verify candidate microRNAs in an independent verification cohort. They found that the expression of exomiR-122, exo-miR-148a and exo-miR-1246 in serum of
HCC was significantly higher than that of liver cirrhosis
and normal control group, and the combination of exosomal microRNA and alpha-fetoprotein (AFP) produces
better diagnostic performance than AFP in distinguishing the receiver operating curve of HCC and liver cirrhosis. It suggested that exosomal microRNAs or their
combination with traditional biomarkers may become
promising markers for the screening and diagnosis of
HCC[41]. In addition, in the study of Lin et al.[42], the
significantly increased levels of 19 microRNAs in serum
of HCC patients were first identified, and then miR-210
was found to be secreted by HCC cells via exosomes.
In the study of Sohn et al.[43], serum exosome microRNAs were extracted from the serum using the exosome
RNA isolation kit, and microRNA expression levels
were quantified by real-time PCR. The serum levels of
miR-18a, miR-221, miR-222 and miR-224 in exosomes
of HCC patients were significantly higher than those in
chronic hepatitis B patients. The increase or decrease
of exosomal microRNAs may reflect the progression of
HCC or be related to the pathophysiology of liver cancer
cells. In addition, because microRNAs are encapsulated
by exosomes, they have high stability and are not easily
affected by the external environment, making them of
high application value in the clinical diagnosis of HCC.
Therefore, with the in-depth study of the functions of differential microRNAs in these exosomes and the understanding of valuable information about exosomes-related
HCC, the application value of differentially expressed
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exosomal microRNAs will be further determined, in
order to establish an strong foundation for being potential diagnosis and prognostic markers of HCC.

The changes of exosomal microRNA/signaling
pathway
Exosomal microRNA participates in the pathological
process of multiple tumors, including HCC, playing an
extremely important role in the environmental regulation of HCC generation and development. In the past few
years, more and more articles have suggested that there
are many dysfunctions of signal pathways in the generation and development of primary hepatic carcinoma
(PHC). However, the regulation effect and mechanism
of these signal pathways involved in PHC occurring and
developing have not been completely clarified, remaining to be further discussed. The following content is
a review of the influence of exosomal microRNAs in
the occurrence of PHC and of some essential relevant
molecular pathways and mechanisms. Exosomal microRNA is regarded as a promising biomarker for diagnosis,
prediction, prognosis, and real-time monitoring of the
therapeutic reaction of PHC. A further understanding of
exosomes in HCC will bring a breakthrough change in
the diagnosis and treatment of HCC in the future.
Phosphatidylinositide 3‑kinase (PI3K)/serine/threonine
kinase (akt) signaling

PI3K catalyzes the formation of phosphatidylinositol-4-phosphate
and
phosphatidylinositol4,5-bisphosphate(PIP2) [44]. Growth factor and hormone
may trigger the event of phosphorylation, which in turn
regulates cell growth, cell cycle entry, cell migration, and
cell survival [45, 46]. The downstream signaling of PI3K
is mediated through Akt, which plays a key role in the
regulation of cell apoptosis by pro-apoptotic proteins
such as caspase-9 and Bad [47]. Akt, also known as PKB
or Rac, is essential for controlling survival and apoptosis
[48–50]. This protein kinase is activated by insulin and
a variety of growth and survival factors, and can inhibit
apoptosis, thereby promoting cell survival [51]. In addition to its role in cell survival and glycogen synthesis, Akt
is involved in cell cycle regulation by negatively regulating the cyclin-dependent kinase inhibitors p27 Kip1
[52] and p21 Waf1/Cip1 [53]. The PI3K/Akt pathway is
considered to be a molecular “crutch” for cells to escape
death [54], and contributes to progression in different
types of cancers by regulating proliferation, apoptosis,
angiogenesis, EMT, and autophagy [55, 56]. A large number of research indicates that microRNA plays an important role in the occurrence, development, metastasis and
treatment of HCC through the phosphatase and tensin
homolog(PTEN)/PI3K/Akt pathway [57]. In the study of
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Xiao Fu et al. exo-miR-32-5p is transmitted from drugresistant cells to sensitive cells through exosomes [58]. It
activates the PI3K/Akt pathway and induces multidrug
resistance by regulating angiogenesis and EMT. Another
research shows that the exo-miR-23a released by endoplasmic reticulum stressed HCC cells regulates Programmed Cell Death-Ligand 1 (PD-L1) expression and
inhibits T cell function through PTEN-Akt pathway [59].
PI3K/AKT pathway is one of the most important signal
transduction pathways related to the control and growth
of HCC [60]. Nowadays, the development of PI3K inhibitors for the treatment of cancer has been limited by the
dose and targets the challenge of adverse reactions [61].
As a result, continuing to perfect the views on how various PI3K enzymes work in HCC will provide new opportunities for therapeutic intervention in HCC and other
diseases.
Mitogen‑activated protein kinases (MAPKs)/extracellular
regulated protein kinases (ERK) in growth and
differentiation

MAPKs are a family of widely conserved serine/threonine
protein kinases involved in multiple cellular processes,
such as cell proliferation, differentiation, motility and
death [62]. P44 / 42 MAPK (ERK1 / 2), mitogen-activated
protein kinase 9 (SAPK)/c-Jun N-terminal kinase (JNK)
and p38 MAPK play a key role in protein kinase cascade,
and protein kinase cascade plays a significant role in regulating cell growth and differentiation and controlling
cell response to cytokines and stress [63]. P44/42 MAPK
(ERK1/2) signal transduction pathway can be activated
in response to a variety of extracellular stimuli (including mitogens, growth factors and cytokines) [64–66], and
it is an important target for cancer diagnosis and treatment [67]. Some studies have shown that exo-miR-320a
suppress HCC cell proliferation, migration and metastasis by inhibiting the activation of MAPK pathway, which
can induce EMT and upregulate the expression of cyclindependent kinase 2 (CDK2) and matrix metallopeptidase 2 (MMP2) [68]. In other studies, overexpression
of exo-miR-9-3p reduces the viability and proliferation
of HCC cells, as well as the expression of ERK1/2 [69].
In vitro and in vivo, HCC cell-derived exo-miR-665 can
promote the proliferation of hepatoma cells and upregulate the protein expression level of MAPK/ERK pathway
[70]. In the study of Li Xiong et al., mast cells can inhibit
the ERK1/2 pathway by transferring the exo-miR-490
into HCC cells, thereby inhibiting the metastasis of HCC
cells [71]. Activation of the MAPK signaling pathway is a
common event in tumor progression and metastasis [72].
These studies can provide new insights into the regulatory mechanism of HCC in the MAPK signaling pathway
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and identify potential ways of the therapeutic intervention for the disease.
Inhibition of apoptosis

Apoptosis is a form of programmed cell death, which
can remove damaged cells in an ordered and effective
way, such as Cell with DNA damage or during development [73]. Apoptosis can be triggered by intracellular
signals such as genotoxic stress, or by extracellular signals, such as the binding of the ligands to the cell surface
death receptors [73]. One of the most important signals
of cancer is the dysregulation of death mechanism in
apoptotic cells [74]. Dysregulation in apoptosis not only
relates to the occurrence and development of cancer,
but also induces tumor resistance to the treatment [75].
Recently, some studies have shown that exosomal microRNA can regulate the occurrence and development of
HCC via apoptosis. Studies have shown that exosomes
from cancer stem cells in HCC can upregulate Bax (BCL2
associated X, apoptosis regulator), p53 and Bcl2 (BCL2
apoptosis regulator), thereby reducing tumor growth,
progression and metastasis [76]. Researches by Jing Yang
et al. proved that exo-miR-638 overexpression inhibits
HCC proliferation by reducing viability, reducing colony
formation, inducing apoptosis, leading cell cycle arrest in
the G1 phase and reducing the ability of migration and
invasion [77]. Exo-miR-451a, as a tumor suppressor, was
also found to induce apoptosis both in HCC cell lines and
human umbilical vein endothelial cells (HUVECs) [78].
Most anticancer drugs used in nowadays clinical oncology use apoptosis signaling pathway to trigger off the
death of cancer cells [79]. Therefore, defects in the death
pathway can lead to drug resistance, which can restrict
the effectiveness of treatment [80]. A better understanding of exosomal microRNA regulation to apoptotic cell
death signaling pathways may improve the efficacy of
cancer treatment and bypass resistance [81].

The role of exosomal microRNAs in the HCC
microenvironment
Tumor development and metastasis

Because of the high metastasis rate and high recurrence rate, the long-term survival rate of HCC patients
is relatively low [82]. Tumor metastasis is a multi-step
process, including invasion through the distal part of
the circulatory system, vascular infiltration, and colonization [83]. Studies reveal that exosomes can create an
immunosuppressive environment through signal transduction between stromal cells and tumor cells, thus
affecting the progression of tumor [84]. Both exosomal microRNA from cancer cells and adjacent stromal
cells can promote the formation of the metastatic niche
[85–90]. Researches show that the loss of exo-miR-320a
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in the exosomes derived from cancer-associated fibroblasts (CAFs) in HCC can stimulate downstream ERK
activation of receptor cells (hepatocytes), which results
in lung metastasis [68]. Similarly, exo-miR-1247-3p in
exosomes released by CAF can promote lung metastasis
of HCC [91]. Other studies have found that macrophages
can promote the invasion of hepatoma cells by secreting exosomes containing exo-miR-92a-2-5p [92]. Adipocytes can also secrete exo-miR-23a/b and transport them
to cancer cells through exosomes, thereby promoting
the growth and migration of HCC cells [93]. Exosomes
released by cancer cells can also affect the proliferation
and metastasis of tumors. Some researchers suggest that
exo-miR-21 and exo-miR-10b in the exosomes of HCC
induced by acidic microenvironment, can promote the
propagation and metastasis of cancer cells. So they may
be used as prognostic molecular markers and therapeutic
targets of HCC [94]. These results indicate that microRNAs in exosomes can be transferred to target cells in the
microenvironment of HCC, regulate the process of lung
cancer cells, and construct a tumorigenic microenvironment, which leads to cancer metastasis.
Angiogenesis

The growth and metastasis of tumors require new blood
vessels to supplement oxygen and nutrients, so tumors
can activate angiogenesis, allowing blood vessels to germinate from adjacent tissues into the tumor [95]. Angiogenesis is necessary for cancer growth and metastasis,
and is regulated by a variety of molecules. Active angiogenesis is the cause of rapid tumor growth, early metastasis, and low survival rate [96]. Previous reports have
shown that exo-miR-21, exo-miR-26a, exo-miR-122, exomiR-146a, exo-miR-155 and exo-miR-182 are associated
with HCC angiogenesis and prognosis [57, 97–102]. The
exo-miR-210 secreted by HCC cells can be transferred
to endothelial cells to promote tumor angiogenesis by
targeting SMAD4 and STAT6 [42]. Other studies have
shown that exo-miR-200b-3p from liver cells inhibit the
expression of endothelial transcription factor ERG, and
the reduction of exo-miR-200b-3p in cancer cells promotes the blood vessels of liver cancer tissues by enhancing the expression of endothelial ERG generate [103]. In
conclusion, these results support exosomal microRNA
as a novel pro-angiogenesis mechanism that can regulate
vascular remodeling in the tumor microenvironment by
directional transfer between tumor cells and endothelial
cells, thereby promoting tumor angiogenesis.
EMT (epithelial‐mesenchymal transition)

EMT is a morphogenic process that results in the loss of
intercellular adhesion, the loss of epithelioid characteristics, and the acquisition of mesenchymal phenotype,
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which is conducive to the migration and invasiveness
of tumor cells [104]. EMT is the first step in cancer distant metastasis [105]. Interestingly, recent studies have
shown that exosomes are involved in the EMT process
[106, 107]. Some studies have shown that CAF mediated
HCC tumor progression may be related to the loss of
anti-tumor exo-miR-320a in CAF exosomes [68]. It can
induce EMT and upregulate the expression of CDK2 and
MMP2, thus promoting cell proliferation and metastasis.
Increasing the release of stromal cell-derived exo-miR320a may be a potential therapeutic option for HCC.
These results suggest that tumor-derived exogenous
microRNAs are important mediators of EMT and can
transform tumor cells into more aggressive phenotypes.
Drug resistance

Chemotherapeutic drugs such as 5-Fluorouracil, oxaliplatin, and gemcitabine are the conventional treatment for advanced HCC patients, but the therapeutic
effect is disappointing[108–110]. Multidrug resistance
has become the main obstacle in HCC treatment [111].
Therefore, it is important to understand the mechanism
of multidrug resistance and explore new treatment targets to overcome multidrug resistance. Cancer resistance can be regulated by exosomes containing mRNA,
microRNA and other ncRNAs. It has been confirmed
that exo-miR-32-5p, which is transmitted by the exosome
of drug-resistant cells, activates PI3k/Akt pathway, and
leads to multiple resistance of HCC through promoting
angiogenesis and EMT [58]. Another studies have shown
that the down-regulated exo-miR-744 can promote the
proliferation of HepG2 cells and inhibit the chemical sensitivity of HepG2 cells to sorafeni [112]. The occurrence
of cisplatin resistance is one of the main causes of high
mortality in patients with liver cancer [113]. It has been
found that exo-miR-199a-3p can restore the cisplatinsensitivity in HCC, and may play a role in the treatment
of cisplatin refractory HCC in the future [113]. Therefore,
exocrine microRNA can induce or block the resistance of
HCC, which plays an important role in the treatment of
liver cancer.
Immune reaction

As the main mediator of intercellular communication and immune function, the immunological
activity of exosomes affects the immune regulation
mechanism, including the regulation of antigen presentation, immune activation, immunosuppression,
immune surveillance, and intercellular communication
[114]. As an inflammation-related tumor, the immunosuppressive microenvironment of HCC can promote immune tolerance and escape through a variety
of mechanisms. It has been confirmed that exosomal
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microRNA is involved in the regulation of various
immune responses. The study by Peng-Fei Zhang et al.
proved that HCC-derived exosomal circUHRF1 upregulate the expression of exo-miR-449c-5p target gene
TIM-3 in NK cells by degrading miR-449c-5p, thereby
promoting immune escape and anti-PD1 immunotherapy resistance in HCC [115]. In another related study,
NK92 cells with miR-92b overexpressed by transfection
with Hep3B-derived exosomes that overexpressed miR92b significantly inhibited the expression of CD69 in
NK92 cells. In addition, the down-regulation of CD69 in
NK92 cells affected its cytotoxic effect on Hep3B cells.
These results have also been verified in primary NK cells
and mouse lymphoma YAC-1 cells, fully demonstrating
that the effect of circulating exosomes on the development of liver cancer is partly through the inhibition
of NK cell CD69 by liver cancer-derived exo-miR-92b
[116]. The study of Liu et al. proved that the endoplasmic reticulum-stressed HCC cells release exosomes to
up-regulate the expression of PD-L1 in macrophages,
and then inhibit T cell function through the miR-23aPTEN-Akt pathway [59]. Therefore, exosomal microRNA is involved in various reactions in the immune
process of liver cancer, and further understanding of the
biological function of exosomal microRNA in liver cancer immune regulation, especially the molecular mechanism involving the interaction of immune cells, maybe
tumor-related immunity. The phenomenon of suppression and therapeutic intervention (including immune
recognition during malignancy) provides important
insights.

Clinical applications of exosomal microRNA
Exosome microRNAs can serve as the biomarkers for
the diagnosis and prognosis of HCC. Liquid biopsy,
as an emerging cancer detection technology, has many
characteristics such as less-invasiveness, sensitivity
and dynamics compared with traditional tissue biopsy.
Exosomal microRNAs may represent interesting liquid
biopsy markers in cancer, because they can be loaded
into the exosomes of tumor cells at a higher level, have
high stability and are not easily affected by the external environment. In the modern medical arena, exosomal microRNAs play a critical role in the screening,
diagnosis and prognosis of cancer, especially HCC. As
early as 2015, Sohn et al. used fluorescent quantitative
PCR to detect the expression levels of serum exosomal
microRNAs in patients with chronic hepatitis B, liver
cirrhosis and HCC, and found that the serum levels
of exo-miR-18a, exo-miR-221, exo-miR-222 and exomiR-224 in patients with HCC were significantly higher
than those of patients with chronic hepatitis B or liver
cirrhosis. In addition, the serum levels of exo-miR-101,
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exo-miR-106b, exo-miR-122 and exo-miR-195 in
patients with HCC were lower than those in patients
with chronic hepatitis B. This study shows that serum
exosomal microRNAs can be used as new biomarkers for
the screening and diagnosis of HCC [43]. Some researchers have further sequenced and analyzed the exosomal
microRNAs of human liver cancer cells and normal liver
epithelial cells, and evaluated the clinical application
value of differential microRNAs. It was found that serum
exo-miR-10b-5p showed up to 91.1 % sensitivity and
75 % specificity, and the area under the curve reached
0.932 in this study. It is a promising biomarker for early
detection of HCC. Kaplan-Meier analysis showed that
compared with patients with low serum exo-miR-215-5p
expression, patients with serum exo-miR-215-5p overexpression had significantly reduced disease-free survival.
At the same time, the expression level of exo-miR215-5p gradually increases with the development of the
tumor stage and can be used as a prognostic biomarker
for HCC [117]. Another study has found that compared
with patients with liver cirrhosis, the expression levels of
exo-miR-21 and exo-miR-96 in HCC patients’ exosomes
and plasma were significantly increased, and the expression level of exo-miR-122 was significantly reduced. In
different populations, exo-miR-122, exo-miR-21 and
exo-miR-96 are much more accurate than plasma microRNAs and AFP levels in the diagnosis of HCC, and are
promising biomarkers for early detection of HCC [118].
Furthermore, tumor recurrence is generally one of the
main reasons for the higher mortality of HCC. In recent
years, some exosomal microRNAs have been identified
as recurrence-specific biomarkers, especially in patients
with HCC. Compared with patients without recurrence, exo-miR-92b was more expressed in patients with
recurrence after surgery, and can be used as an important indicator for predicting the risk of HCC recurrence
[116]. It can be seen that exosomal microRNAs have
good application prospects as markers for the screening,
diagnosis and prognosis monitoring.
Exosomal microRNAs have important clinical application values in the diagnosis and prognosis monitoring of
HCC, but there are some limitations at present. The first
limitation is the extraction of exosomes. There are many
ways to purify exosomes at present, but there are big
differences in the quantity and quality of the extracted
exosomes. The currently accepted method for extracting exosomes is ultracentrifugation, but this method
lacks uniform operating standards and takes a long
time. In addition, commercial kits on the market for
isolating exosomes are very expensive. Therefore, it is
necessary to establish a low-cost and time-saving purification method for exosomes. Secondly, different studies
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on the same exosomal microRNA may draw different
conclusions in terms of HCC diagnosis and prognosis
assessment. The difference in conclusions is mainly due
to the small number of research subjects included in
the study and the large individual differences between
the research subjects, which leads to inconsistent test
results. Therefore, it is necessary to fully consider the
various influencing factors of the research object, and
further expand the sample size to detect HCC samples
at different stages, so as to improve the reliability of
serum exosomal microRNA determination results, and
make it truly a stable, accurate and effective biomarker
for early screening diagnosis and prognosis monitoring
of HCC.
The microRNA in exosomes can play an important role
in the progression of HCC, however, it rarely translates
into therapeutic applications [119]. Since microRNA has
a wide range of roles in proliferation, inflammation, and
metabolism, it can be considered a powerful therapeutic opportunity in various cancers. Related studies have
shown that microRNA-based therapies have been successfully tested, and this type of molecule is preferentially
delivered to the liver [120–122]. Based on the important
role of exosomal microRNA in the development of liver
cancer, Liang JY et al.’s study showed that nanoparticles
loaded with siRNA help to inhibit tumor cell migration
and the effect the tumorogenic function of exosomes on
normal liver cells [123]. By eliminating the oncogenic
microRNA in malicious vesicles, a new tumor treatment
method can be found. With the improvement of identification, isolation and purification technology, exosomes
will be widely used in the clinical treatment of liver
cancer.

Conclusions
Exosomal microRNA participates in the pathological
process of many tumors including HCC, and plays an
extremely important role in the environmental regulation of the occurrence and development of HCC. Therefore, exosomal microRNA is a promising biomarker for
primary lung cancer diagnosis, prediction, prognosis,
and real-time monitoring of treatment response. This
review summarizes the role and possible mechanisms
of exosomes in liver cancer (Table 1; Fig. 1), and shows
the potential clinical applications of exosomes in disease
detection and treatment (Table 2). However, the detailed
mechanism of exosomes in the invasion and metastasis
of liver cancer is not fully understood, which hinders its
application in the diagnosis and treatment of liver cancer.
A deeper understanding of exosomes in liver cancer will
provide future diagnosis and treatment of liver cancer.
Bring breakthrough changes.
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Table 1 Exosomal microRNA detected in HCC and clinical relevance
Exosomal MicroRNA Parental cells

Recipient cells

Expression level in
HCC

Target

miR-210

HCC cells

Endothelial cells

Upregulated

SMAD4, STAT6 Promote tumor angio- [42]
genesis

miR-744

HepG2 cells

Downregulated

PAX2

miR-21, miR-10b

HCC cells

Upregulated in Acidic
Microenvironment

miR-1247-3p

High-metastatic HCC
cells

Fibroblasts

miR-451a

Downregulated

Potential Mechanism References

Inhibit HepG2 cell
proliferation and
promotes the
chemosensitivity
of HepG2 cells to
sorafenib

[112]

Promote cancer cell
proliferation and
metastasis

[94]

B4GALT3

Activate β1-integrinNF-κB signaling
in fibroblasts and
promote cancer
progression

[91]

LPIN1

Promote apoptosis in [78]
HCC and endothelial
cells

miR-23a-3p

ER-stressed HCC cells

Macrophages

PTEN

Regulate PD-L1
expression through
the PTEN-PI3K/AKT
pathway and help
tumor cells escape
from antitumor
immunity

miR-32-5p

Multidrug-resistant cell Sensitive cell (Bel7402) Upregulated
(Bel/5-FU)

PTEN

Activate the PI3K/Akt [58]
pathway to further
induce multidrug
resistance by modulating angiogenesis
and EMT

miR-92b

HCC cells

Natural killer (NK) cells

Upregulated

miR-320a

Stromal cells

HCC cells

Downregulated

PBX3

Inhibit tumor progres- [68]
sion by suppressing
the activation of the
MAPK pathway

miR-638

HCC cells

HCC cells, human
umbilical vein
endothelial cells
(HUVECs)

Downregulated

SP1

Repress HCC cell
[77]
proliferation by
decreasing viability
and colony formation, and decreased
abilities of migration
and invasion.

miR-200b-3p

HCC cells

Endothelial cells

Downregulated

Promote the downregulation of CD69
and NK cell-mediated cytotoxicity

Suppress endothelial
ERG expression

[59]

[116]

[103]
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Fig. 1 The role of exosomal microRNAs in the HCC microenvironment

Table 2 Exosomal microRNA as diagnostic and prognostic biomarkers in HCC
Exosomal microRNA as biomarkers

Biofluid

Clinical significance

References

exo-miR-215-5p

Serum

Overexpression predicts poor disease-free survival in
patients with HCC

[117]

miR-10b-5p

Serum

Potential biomarker for early-stage HCC

[117]

miR-18a, miR-221, miR-222, miR-224, miR-101, miR106b, miR-122, miR195

Serum

Novel serological biomarkers for HCC

[43]

miR-122, miR-148a and AFP

Serum

Distinguish early HCC from liver cirrhosis

[41]

miR-122

Serum

Distinguish HCC from normal control

[41]

miR-9-3p

Serum

A therapeutic target for HCC

[69]

miR-665

Serum

A novel minimally invasive biomarker for HCC diagnosis
and prognosis

[70]

miR-21

Serum

A potential biomarker for HCC diagnosis.

[40]
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Abbreviations
HCC: Hepatocellular carcinoma; EMT: Epithelial-mesenchymal transition; RISC:
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