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Abstract
Liver cancer is the third leading cause of cancer-related death worldwide. The most
prominent type of liver cancer is hepatocellular carcinoma (HCC). One of the most
significant factors that contribute to the formation of this cancer is the aberrant microRNA
(miRNA) expression in the liver tissue. miRNA is a small non-coding RNA molecule that
plays vital roles in various biological processes and has been demonstrated to be the
important contributor to the development of liver cancer. miRNA can either act as an
oncogenic miRNA or tumour suppressor miRNA depend either they promote or inhibit
cancer development in liver cell. The understanding on the factors and molecular mechanism
that promote this cancer formation and progression are not completely understood. Thus,
this shortcoming will contribute to a lot of drawbacks to the effectiveness of current therapy.
This review provides the significant correlation of the tumour suppressor miRNAs’ roles in
liver cancer development and describes the potential use of miRNA as biomarker and
therapeutic RNA drug to treat cancer. Thus, the understanding of molecular mechanisms
underlying the initiation and progression of HCC is critical for early diagnosis and
developing a new therapeutic strategy.
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1.0

Introduction

Liver cancer is a cancer that develops
in the liver due to aberrant proliferation of
liver cells and mostly occurs in patients
with existing liver disease or cirrhosis.
According to databases of cancer
worldwide, liver cancer is the third leading
cause of cancer-related death in which it is
the fifth most common cancer in males
while seventh most common cancer in
females (1). Hepatocellular carcinoma
(HCC) is the most prominent type of liver
cancer worldwide which contribute to
high mortality rate (2,3).
The development of this cancer can be
due to various factors. Chronic Hepatitis B
and Hepatitis C infections are the most
common cause of liver cancer, which
account for about 33% to 60% cases
worldwide (2,4,5). Liver cancer that arises
due to genetic factors also can account as
main contributor of the cancer
development (6). Several studies have
shown that the development of HCC also
can be due to mutation that occurs in
SERPINA1, G6PC, SLC37A4, HFE,
HMBS, UROD and FAH genes involved
in human biological process (2,6).
Alterations in genes that are involved in
miRNA regulations can also contribute to
HCC development and progression (7–9).
In the past 5 years, there were clear
evidences that demonstrated microRNAs
vital roles in promoting the formation and
development of liver cancer (10).
The prognosis and diagnosis of this
cancer is still limited and unclear which
contribute to the weakness and inefficient
cancer treatments. High mortality rate
worldwide has been associated with the
inability to detect the disease at early stage
and determine the efficient therapeutic
strategies for the disease (4). Hence,
diagnosis based on signs and symptoms is
important as it could give an accurate
diagnose, clear knowledge and a better
understanding of the disease. However,

the drawback of current inefficient
therapeutic strategies in HCC patients
could cause a failure to create an effective
treatment that specifically inhibit the
tumour cell (3). Therefore, the need for a
safer and more effective treatments is
necessary to provide an accurate
information to overcome the weakness of
the current therapy. Thus, identification
and understanding these miRNAs may
open new opportunity for an accurate
early diagnose to initiate appropriate
treatments.
MicroRNAs have a great potential to
be reliable biomarker, target side and
therapeutic agent to prevent the HCC
development (11). However, the exact
functions of miRNAs involved in
hepatocellular cancer remain poorly
understood and are limited. This review
described the role of miRNA as tumour
suppressor which emphasizing on their
targets and signalling pathways. This
review may provide a refined knowledge
related to the function of tumour
suppressor miRNAs in liver cancer
development and it can be useful for future
research to support the use of miRNA as
potential biomarker and therapeutic agent
in cancer treatment.
2.0

MicroRNA

MicroRNA is a small non-coding
RNA which plays roles in a variety of
biological processes such as biological
processes of the body such as cell growth,
cell migration, cell invasion, proliferation,
differentiation, metabolism and apoptosis
(7–9,13,14). They also one of the main
contributors in cancer development and
progression. A lot of studies have been
demonstrated that microRNAs (miRNAs)
are capable to regulate gene expression
through gene silencing at posttranscriptional process and may have
significant effects on biological processes
(2,12). However, these biological processes
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can also be impaired by the action of
miRNAs. In HCC, miRNA expressions are
reported either upregulated or downregulated
which may promote cancer properties or
prevent the cancerous activity by
maintaining normal cell properties
(14,15).
2.1

pri-miRNA is transcribed by the RNA
polymerase II 8,12. The pri-miRNA
structure consists of 5’ capped and 3’
polyadenylated ends and exist in hairpinlike structure (16-18). Nuclear RNase III
Drosha which forms a complex with DGCR8
protein will cause cleavage of the primiRNA to form precursor miRNA (premiRNA) and it will then be exported into
the cytoplasm by Exportin 5 complex to
finish the miRNA maturation process
(Figure 1) (12,17,19).
Once
inside
the
cytoplasm,
miRNA/miRNA* duplex or miRNA double
bond is formed through the Dicer catalytic
activity (17,18). Helicase enzymes unwind
these strands and only the mature miRNA
strand (miRNA*) becomes active which is
able to cause gene repression by loading
into the Argonaute (Ago) protein (17).
Then, it will be integrated with the RNAinduced silencing complex (RISC)
(12,17). Once loaded into RISC, miRNA
is then capable to regulate gene expression
(12) through the binding to the target
mRNA and interfere translation process
(17,18).

Biogenesis of miRNA

Understanding the microRNA biogenesis
is important as all types of miRNA have
the potential to be developed as
therapeutic target. There are several stages
involved in the biogenesis of miRNA from
nucleus to the cytoplasm. MicroRNA
biogenesis starts from the transcription of
primary miRNA (pri-miRNA) and
undergoes several processes until the
formation of mature miRNA which may
act on the target mRNA as illustrated in
Fig. 1 16. Two main catalytic enzymes
that mediate the maturation of pri-miRNA
are located in the nucleus (i.e. Drosha) and
cytoplasm (i.e. Dicer) (3).

Dicer
5`

transcription

5`

3`

Pre-miRNA
5`

5`

3`

3`
Mature
5` miRNA

3`

3`
Ex-5

5`
5`

Pri-miRNA

3`
Drosha

RISC
3`

Nucleus
Cytoplasm

5`
RISC

mRNA
AAAAAAA

3`

5`
3`

Figure 1: MicroRNA biogenesis pathway (16)
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3.0

MicroRNAs in cancer
development

Calin et al. reported that more than
half of miRNA-encoded genes were
located in cancer associated genomic
regions(3). Studies have shown miRNA
expression is dysregulated in human
cancer through various mechanisms,
including multi copy number or deletion of
miRNA sequences, abnormal production of
miRNAs, dysregulated epigenetic changes
such as abnormal methylation modification
in miRNA genes and defects during
miRNA biogenesis (18). MicroRNA
contributes to the HCC development by
perturbing several signalling pathways in
liver such as E-calcium-dependant adhesion
(E-cadherin), MNNG HOS transforming
gene (MET), v-AKT murine thymoma
viral oncogene homolog (Akt), Wnt/βcatenin and others(2). Some researches
demonstrated that the changes of key
enzymes in the biogenesis of miRNA lead

to the progression of HCC (20,21).
Moreover, the decreased of these enzyme
expressions lead to the formation of
cancer cell (22).
In addition, some studies had
discovered that patients with chronic
hepatitis infection (HBV/HCV) can also
be associated with the dysregulation of
miRNA expression which could lead to
progression of liver cancer (12). In HBVrelated HCC, genes that are involved in
the critical signalling pathway can be the
potential targets of the miRNA (23).
Pathways associated with the mechanism
of HBV-caused HCC is illustrated in the
Figure 2. Various transcription factors can
alter the normal expression of miRNA
which is capable to regulate the initiation
of the cancer. For example, c-Myc is the
transcription factor that is mostly
upregulated in cancer development and
closely associated with the miRNA
activities (18).

Figure 2: Schematic presentation on how HBV-cause HCC with relation to the MiR224 function.
HBV causes a reduction of the autophagy (normal physiological process) activity in the body such
as reduced expression of ATG5 and BECN1 protein. Reduce autophagy activity causes upregulation
of oncogenic MiR224 which will mature through being loaded into the RISC complex and act on the
target mRNA (SMAD4). Thus, the suppression of translation of the SMAD4, then allows the
formation of tumour and cell migration (24).
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4.0

Type of miRNA involved in liver
cancer

MicroRNA can act either as oncogenic
miRNA or tumour suppressor miRNA in
the liver cancer progression (4). In
general, oncogenic miRNAs promote
cancer cell development while tumour
suppressor miRNA inhibits tumour
progression. The initiation and progression of
malignancy are mostly due to the
interaction of miRNAs with oncogenes
and tumour suppressor network (25). Thus, it
is important to know the role of miRNAs
in proliferation or apoptosis of the cancer
cell.
4.1

Oncogenic miRNA

MicroRNA can act as oncogenic
miRNA by promoting the overexpression
of
several
oncogenes
or
by
downregulating tumour suppressor genes
in the body (2). Most of the cases, the
oncogenes are overexpressed which is
able to promote cancer initiation.
Oncogenic microRNA suppression leads
to the inhibition of tumour proliferation
due to the return of normal surveillance
activity by tumour suppressive genes (17,25).
4.2

Tumour suppressor miRNA

Downregulation of oncogene may be
caused by the overexpression of tumour
suppressor miRNA and could in turn lead
to suppression of the tumorigenesis (2,3)
For example, expression of miR-199a as
tumour suppressor miRNA leads to the
inhibition of oncogene c-Met regulation,
the vital oncogene in proliferation of liver
cancer cells. However, these tumour
suppressor miRNAs are lowly expressed
in cancer cells, thus, allowing the
upregulation of the oncogene network to
promote liver cancer. Figure 3 illustrates
the significant tumour suppressor miRNAs
that are involved in the initiation of liver

cancer (2). For example, in Figure 3, miR101 can cause inhibition of the Met,
RABSA, ATG4D, STMN1, VEGF, c-Fos
and ABCA1 which lead to suppression of
the tumour cell and promotion of cell
apoptosis. This shows that several pathways
that can be controlled by one active
miRNA.
5.0

Selected tumour suppressor
miRNA in liver cancer

This subtopic is reviewing the
significant tumour suppressor miRNAs
and elaborated their signalling pathways
to show their inverse roles in liver cancer.
5.1

MicroRNA-29a

Mir-29a is one of the members from
the MiR-29 family and present in the
different forms i.e. miR-29b and miR29c
(29). These miRNA family members have
similar seed region sequence but exhibit
different functions in the regulation of
target genes (26). Hence, this gives
evidence that they are not identical to each
other (26). It has been shown that this
miRNA expression was downregulated in
liver cancer (2,27). Recent study has
demonstrated that miR-29a acted as
tumour suppressor to inhibit the growth
and migration of liver cancer cells (28).
There are several cancer-related genes that
can be regulated by miR-29a to inhibit
tumorigenesis. Osteonectin (SPARC) is one
of the miR-29a target genes in HCC (27).
When miR-29a is downregulated in the
cells, SPACR will be activated via the
activation of AKT/mTOR signalling
pathway (27,30). AKT/mTOR is involved
in the regulation of cell cycle progression.
AKT activation is vital and essential in the
regulation of tumour cell growth which
acts as cell cycle inducer (30). Cell cycle,
proliferation and apoptosis could be
regulated through the mTOR signalling
pathway (27,31). Thus, the proliferation of
17
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the cancer cell can be controlled by
increasing the expression of miRNA-29a
which will have promising effect on the
AKT/mTOR pathway. A previous study
has found there was a notably high level of
SPARC expression in HCC cells as
compared to the normal liver cells (30).
This indicates that SPARC is one of the
contributors in the cancer progression.
Silencing SPARC expression in the HCC
can be achieved through the overexpression
of miR-29a via AKT inhibition. SPARC
contains two binding sites at 3’ untranslated
region (3’UTR) for the binding of miR29a which may inhibit SPARC production
(30). However, this miRNA is
downregulated in liver cancer cell, thus,
incapable to inhibit SPARC activity.
Another miR-29a target is CLDN1
which encodes for claudin1. Claudin is a
tight junction protein that is capable to

regulate the solute movement and is
responsible to promote cancer cells
migration and metastasis (32). CLDN1
acts as an oncogene in HCC that is
activated
through
the
epithelialmesenchymal transition (EMT) process (33),
thus promoting liver cancer metastasis
(34). The activation of EMT by CLDN1 is
via the expression of the EMT-regulating
transcription factors Slug and Zeb1 and
potentially increase the cancer cell
invasiveness (32). Thus, inhibition of
CLDN1 may reduce Zeb1 and Slug
expression, and the EMT pathway will not
be stimulated, thus, prevent its functions.
In HCC, the level of CLDN1 expression is
higher in comparison to the normal liver
cells. On the other hand, the overexpression
of miR-29a causes downregulation of the
CLDN1 activity through the binding to
3’UTR of CLDN1 (33).

Tumor Suppressor miRNAs
miR-29, miR-101, miR-122, miR-145, miR-195, miR-214, miR-370, miR-375
miR-101

miR-307

miR-214
RABSA

Met

STMN1
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HDGF

ERK2
ATG4D

COX-2

EZH2

Twist

VEGF

TGFR1

CTNNB1

UN284

FoxO3a
RetA/p65

ABCA1

Apoptosis
Tumor Suppression
Activation

Inhibition

Leading

Figure 3: Example of a schematic diagram of tumour suppressive miRNA with its associated
target pathway. MiR-29, miR-101, miR-145, miR-375, miR-370, miR-214, miR-122 and
miR-195 can perform as tumour suppressor through the activation and inhibition of several
gene pathways. For example, MiR-214 inhibits several oncogene pathways including
HDGF, EZH2 etc., while MiR-370 activates of the FoxO3a and inhibits UN284 which give
signal to tumour suppression and apoptosis (2).
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The downregulation of this target will
result in the suppression of the HCC
progression. CLDN1 is expressed in
several human cancers whereby its
expression level varies according to
cancer cell types. For instance, in cervical
cancer, CLDN1 was overexpressed and
lead to invasion and migration of cancer
while it was downregulated in lung cancer
(35,36).
Furthermore, insulin-like growth
factor 1 receptor (IGF-1R) can also be
regulated by miR-29a in HCC. IGF-1R is
a receptor tyrosine kinase that involved in
the
growth,
differentiation
and
development of cells (37). It functions as
an oncogene in the development of cancer
(29,38). IGF-1R is actively expressed in
liver cancer and its expression is inversely
correlated with the expression of miR-29a.
Overexpression of miR-29a inhibited the
activity of IGF-1R and suppressed the cell
growth. Previous studies have demonstrated
that inhibition of IGF-1R increased the
production of chemokine ligand 5 (CCL5)
(37). Hence, the elevation level of CCL5
indicates the overexpression of mir-29a
(29). CCL5 is a chemoattractant for
CD8+ T lymphocytes which will be
recruited and accumulated in the HCC
lesions (29,39). Thus, synergic effect of
miR-29a and CCL5 will prevent further
development of cancer cells (29).
MiR-29a is regulated by xeroderma
pigmentosum D (XPD), a subunit of DNA
repair or transcription factor II H (TFIIH)
to suppress proliferation and migration of
HCC cell (40). XPD facilitates the DNA
unwinding during the nucleotide repair
and acts as tumour suppressor gene (40,
41). When there is a damage in the DNA,
XPD will unwind the nucleotide at the
damage site through the activation of
helicase activity. Liver is an organ that
contributes to many metabolic functions in
the body and is liable to carcinogenesis
that often leads to DNA damage. XPD’s
ability to repair the damage is reduced in

HCC because it was reported to be
downregulated in HCC patients 40. The
action of XPD in DNA repair is
compensated with the p53 pathway in
which it will induce the damaged DNA to
undergo apoptosis when XPD is mutated
(42). However, in the liver cancer patient,
this XPD pathway is suspected to be
downregulated. A study found that the
expression of miR-29a is positively
correlated with the expression of XPD
(43). Both are downregulated in the
patient with liver cancer. XPD acts as
tumour suppressor gene in HCC. Hence,
XPD can suppress cancer proliferation and
migration through the overexpression of
miR-29a. Moreover, the level of XPD is
low in HepG2 cell line which
subsequently promotes cancer cell
proliferation (43).
Moreover, alpha-fetoprotein (AFP)
expression is significantly high in HCC
and is suspected to have a negative
correlation with miR-29a expression. AFP
is a protein that is mostly elevated during
embryogenesis which plays role as a
transporter
for
several
metabolic
substances, natural killer cell inhibitors
and, most importantly in the cell
proliferation and tumour growth (44). The
level of AFP is reduced as an individual
grows older but in HCC patients, the level
of AFP is often elevated (45). AFP is
believed to perform as a transport protein
and biomarker for liver cancer. Previous
researches described the influence of cMYC and AFP to facilitate cancer
properties. In the presence of AFP, the
binding of c-MYC to the miR-29a may
occur and downregulates the miR-29a
expression leading to the development of
cancer (Fig. 4) (2,44). Hence, miR-29a
downregulation leads to cancer cell
proliferation and increase expression of
AFP which will subsequently increase cMYC binding to miR-29a.
Multiple target genes can be regulated
by a single type of miRNA and one specific
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target gene can be suppressed by many
types of miRNAs (27). For example, miR29a can target several proteins including
SPARC, CLDN1, IGF-1R and others.
Meanwhile, SPARC also can be targeted
by other miRNAs such as miR-211 in

prostate cancer. Hence, various signalling
pathways will be involved through the
regulation of miRNA. Table 2
summarised miR-29a’s targets in liver
cancer.

1

Figure 4 : Schematic diagram on how c-MYC repress miR-29a expression and lead
to tumour progression (44).
Table 2: Summary of miR-29a’s targets in liver cancer.
Target protein
Osteonectin
(SPARC)
CLDN1
(oncogenes)

Expression in Function
References
cancer
Upregulated
Regulated cell cycle progression
27,30
through the AKT/mTOR pathway.
Upregulated

Promote cancer cell invasiveness
through activation of EMT.

32,33

Insulin-like
Upregulated
growth factor 1
receptor (IGF-1R)

Promote cell growth, development
and differentiation.

37

XPD
(subunit Downregulated Help DNA unwinding to repair
transcription
damaged DNA.
factor II H)
Inhibit
cancer
through
the
overexpression of miR-29a and
increase XPD expression.

40,41

Alpha-fetoprotein
(AFP)

2,44

Upregulated

Metabolic transporter and biomarkers
for liver cancer.
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5.2

MicroRNA-145

Several studies had demonstrated that
miR-145 is downregulated in liver
malignant and acts as tumour suppressor
(2,46). The expression of miR-145 in
HCC was reported to be linked with the
regulation of insulin-like growth factor
(IGF) mediator which is insulin receptor
substrate-1 (IRS-1) (47). IRS-1 is a protein
involved in the signal transmission
pathways of insulin and IGF, and capable
to mediate the growth of cancer. Previous
studies had shown that IRS-1 was
overexpressed in the liver cancer (47,48).
It is a potential target for miR-145 which
have an inverse correlation to each other.
The signal transmitted by the IRS-1 will
further activate the IGF/AKT and MAPK
pathways (47,49). These pathways
contribute to the vital role of miRNA in
oncogenesis. In HCC, the phosphorylation
of AKT is high and effective to induce
cellular proliferation and prevent
apoptosis (47). FOXO1 is a downstream
target of AKT that is capable to promote
cell apoptosis by specific gene activation
(46,49). Hence, the increased expression
of miR-145 causes downregulation of
IRS-1 expression and inactivation of AKT
pathway. This will lead to an increase in
FOXO1 activity and inhibits cancer cell
proliferation and cell division.
Histone deacetylase 2 (HDAC2) was
foreseen to be solely targeted by miR-145.
HDAC2 is an enzyme that is involved in
the regulation of various protein
expression through the removal of the
acetyl group and it associates with the
cancer proliferation (49). HDAC2 was
found to be abundantly expressed in the
HCC patient which indicated the growth
of the tumour cell (2,46). The abnormal
regulation of HDAC2 induces HCC
development via stimulation of cyclin D1,
CDK2 and CDK4 (46,49). These are the
crucial component that involved in the cell

cycle progression. MiR-145 is believed to
be a negative regulator in HCC
proliferation and has opposite relationship
with HDAC2. Restored expression of
miR-145 will reduce HDAC2 regulation
and inhibit its oncogenic activity in HCC
tumorigenesis (46). Disruption of HDAC2
activity contributes to the antiproliferation effect in the liver cancer. The
summary of miR-145’s targets in the liver
cancer were presented in Table 3.
5.3

MicroRNA-122

MicroRNA 122 shows an incredibly
significant effect on the proliferation of
liver cancer. MiR-122 is downregulated in
liver cancer while it is normally expressed
in the normal liver cells (3,50,51). Cyclin
G1 can be targeted by miR-122 to prevent
cancer progression (50). High expression
of the miR-122 caused a reduction in the
cyclin G1 activity. Cyclin G1 acts as a
promoter for the cell cycle progression (3).
The reduction in cyclin G1 activity via the
overexpression of miR-122 led to the
inhibition of aberrant cell proliferation.
Cyclin G1 acts as proto-oncogene on
healthy cell and becomes oncogene in
HCC development (21). High cyclin G1
expression will downregulate the
expression of miR-122 hence increase the
occurrence of the tumour. Regulation of
p53 protein is controlled by cyclin G1.
P53 is a protein that is capable of
controlling cell mitosis and induce cell
apoptosis. MiR-122 has a repression effect
on the p53 protein thus reducing the
transcriptional activity of the p53 (51,52).
Cyclin G1 is suppressed by the
overexpression of miR-122, thus, restores
the negative regulation of the p53 at the
same time. On the other hand, low miR122 expression in HepG2 and Hep3B
promotes the invasion and growth of the
liver tumour (53).
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Table 3: Summary of miR-145’s targets in liver cancer.
Target

Expression in
cancer
Insulin
receptor Upregulated
substrate-1 (IRS-1)
Histone deacetylase Upregulated
2 (HDAC2)

IGF-1R is a regulatory mediator in the
signalling pathway of cancer which
regulates several cellular processes in the
body includes homeostasis, differentiation,
proliferation and metabolism of cells
(52,54). IGF-1R is a complex that
comprises the binding of IGF-1 to the
transmembrane receptor tyrosine kinase
(RTK) (54). MiR-122 downregulation
causes an increase in the IGF-1R
expression in cancer cells and many
studies have reported high amount of IGF1R in the cancer cell lines. The activation
of IGF-1R promotes the proliferation of
tumour through the activation of the AKT
pathway (55). In HepG2 and Huh-7 cell
lines, the abundant secretion of IGF-1R is
able to suppress the expression of miR122 (56). Hence, cancer cell proliferation
could be inhibited by suppression of IGF1R activity that will the restoration of the
apoptosis activity.
Wnt/β-catenin is believed to be the
most prominent target for miR-122.
Wnt/β-catenin is vital in the regulation of
various processes including cell migration,
differentiation and proliferation. In HCC
patients, Wnt/β-catenin signalling pathway
is frequently upregulated while the
expression of miR-122 is downregulated
and this contributes to the cancer
progression (57). The regulation of
multidrug resistance efflux pump (MDR1)
expression is controlled by the Wnt/βcatenin pathway and both are crucial in
promoting tumour development. Wnt/β-

Function
Signalling pathways of
insulin and promote cell
growth.
Regulate protein expression
that is associated with cancer
proliferation.

References
47,48

46

catenin binds directly to the MDR1
promoter and induces transcription (57). It
was reported that the downregulation of
miR-122 can cause the activation of
Wnt/β-catenin
thus
affecting
the
expression of MDR1 (58). However, the
increased of miR-122 may repress Wnt/βcatenin signalling pathway and contributes to
the inhibition of HCC cell proliferation
and induce apoptosis. Hence, this will give
the evidence that miR-122 functions as
tumour suppressor gene in HCC
development (58).
Glucose-6-phosphate dehydrogenase
(G6PD) can also be a target for miR-122
binding. It has been shown that miR-122
overexpression caused downregulation of
G6PD activity (59). G6PD has an inverse
relationship with the expression of miR122. G6PD is an enzyme that could be
activated in the tumour cell which helps
nucleotide precursor generation and lipid
synthesis (60). Increased G6PD level was
observed in the liver cancer patients and
this suggested due to the downregulation
of miR-122 expression level (59). MiR122 can bind to the G6PD at three different
sites in which two of them are validated as
functional sites. The binding will cause
repression of the G6PD activity and could
possibly prevent cancer cell growth (59).
Hence, increased miR-122 expression
inhibits G6PD pathway and mediates the
suppression of liver tumour. The summary
of miR-122’s target genes in liver cancer
were presented in Table 4.
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Table 4: Summary of miR-122’s targets in liver cancer
Target
Cyclin-G1

Expression in Function
References
liver cancer
Upregulated
Promote cell cycle proliferation
3,21,51,52

Insulin-like growth Upregulated
factor 1 receptor
(IGF-1R)

Regulate
several
cellular
processes such as proliferation
and differentiation of cell cycle.

52,54,55

Wnt/β-catenin

Upregulated

Regulation of cell migration,
differentiation and proliferation.

57,58

G6PD

Upregulated

Generate precursor nucleotide
and lipid synthesis.

59,60

5.4

MicroRNA-199

The microRNA 199 and its family
have been shown to play significant roles
as tumour suppressor miRNAs in liver
cells. MiR-199a and miR-199b have been
demonstrated to have notable functions in
regulating liver cancer development. One
of the targets of miR-199 is CD44, an
important glycoprotein that is responsible
in the cell adhesion, migration and cell
interaction (61). The overexpression of
CD44 will mediate the tumour initiation
and metastasis. On the other hand, Gao et
al. 2015 described the increase expression
of miR-199 will able to cause
downregulation of CD44, thus preventing
cancer initiation and subsequent metastatic
process (62). Hence, the level of miR-199
in the human body could potentially be
developed as biomarker to predict liver
cancer progression.
In HCC, miR-199a is the most
significant subtype of miR-199 and it
exhibits low expression which contributes
to the aberrant proliferation of liver cells
(61). The downregulation of this miRNA
also demonstrates a high recurrence rate of
the cancer cell especially after the surgery.
Study from Chao-Hung H et al. (61) had
shown that MET, mammalian Target of

Rifampicin (mTOR) and hypoxiainducible factor (HIF) are the vital targets
of miR-199a in cancer progression (63).
Increased expression of miR-199a will
interfere with the G1 phase of cell cycle in
which it may retard the cell growth and
production of various enzymes and protein
(63) related to cell proliferation. Hence,
the cell is unable to continue growing as
several cellular components were
unavailable.
High miR-199a expression also
capable of mitigating the cancer cells’
invasive properties (61). Tumour cells
have the capability to metastasize all over
the body. They can invade the secondary
organs which will contribute to the severe
complications to the patient. Hence, miR199a could potentially be developed as
therapeutic agent to prevent liver cancer
cells to metastasize to other parts of the
body. Furthermore, two active isoforms of
miR-199a, miR-199a-5p and miR-199a3p, have been demonstrated to play
important function in liver cancer
initiation as shown in Figure 5 (64). miR199a-3p targets Notch1 and E-Cadherin in
liver cells and there is a negative correlation
between miR-199a-3p activities on Notch1
or E-Cadherin. In addition, in vitro models
demonstrated that miR-199a-3p regulates
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E-Cadherin expression through Notch1
direct targeting (64). Low expression of ECadherin reduces its adhesive activity and
may promote cancer metastasis. However,
as reported by Petrova et al. (65) sometimes
E-Cadherin remains highly expressed on
some distal metastases. This in turn
promotes the dissociation of the cancer
cells and increase the migratory and
invasiveness properties to intravasate into
the circulatory system. Hence, as
suggested by Giovannini et al. (64), the
restoration of miR-199a-3p may have
significant contribution in the complex
network of interaction and may inhibit the
cancer aggressiveness.
Meanwhile, miR-199a-3p has been
highly shown to be downregulated in HCC
patients and becomes worse over time due
to lack of prognosis (66). Upregulation of
mTOR gene in HCC demonstrated low
miR-199a-3p expression has a great
influence on the proliferation and invasive
properties of cancer cells as shown in Fig.
564,66. The activation of mTOR pathways
has been shown to cause the progression
of liver tumour to be more aggressive as
well as shorten the survival rates of patients
with HCC (67). Hence, the restoration of this
miRNA in the cell could repress mTOR
pathways and prevent cancer invasiveness.
Moreover, miR-199a-3p has been
revealed to be the most significant isoform

of miR-199 in cancer initiation. Besides its
activity on the mTOR gene, there are
several other genes that are shown to be
associated with this miRNA in promoting
tumour growth. The phosphorylation of
exportin-5 by Extracellular signal-related
kinase (ERK) prevents the translocation of
the miRNA into the cytoplasm leads to the
low miR-199a regulation (68). Its
downregulation can enhance tumour cell
growth through increased expression of
hypoxia inducible factor-1 alpha subunit
(HIF1A) and p12 activated kinase 4
(PAK4) protein (66). HIF-1A is involved
in the cancer progression and it has high
possibility to promote disease recurrent
and reduce patient’s survival rate (69–71).
HIF-1A activity is highly induced under
the hypoxia condition in which it represses
the adaptive ability of histone demethylase
in preserving the cell homeostasis (69).
Hence, in HCC patients, their ability to
compensate the hypoxic stress is corrupted.
Meanwhile, PAK4 has shown a significant
elevated level in HCC that is suspected to
be the main contributors to the tumour
proliferation, invasive and poor survival
rates (72,73). Hence, the use of miR-199
as biomarker and therapeutic RNA-based
drug in liver cancer can be beneficial. The
summary of miR-199 and its related target
gene is presented in Table 5.

miR-199a-5p
Liver
Pre-miR-199a
5`

5`

E-Cadherin
mRNA
E-Cadherin mRNA
AAAAAAA

3`

3`

E-Cadherin
Protein
C-Met

Invasion
Migration
EMT
Metastasis

Notch1

miR-199a-3p
Activation

Inhibition

mTOR

Proliferation

Leading

Figure 5: Two active subgroups of miR-199a and their interaction with the different target
genes. MiR-199a-5p has ability to enhance expression of E-Cadherin in mitigate cancer
metastasis. MiR-199a-3p shows to inhibit mTOR gene in reduce the proliferation of liver
cancer (64).
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Table 5: Summary of miR-199 and its subtype's target in liver cancer
miR-199
subtypes

Target

Expression in liver
cancer

Function

miR-199

CD44

Upregulated

Mediate tumour initiation
and metastasis through the
cell adhesion and cell
interaction.

61,62

miR-199a5p

E-Cadherin

Downregulated

Cell invasion to the other
surrounding tissue and cell
metastasis

59,60,64,65

miR-199a3p

Mammalian
target of
Rifampicin
(mTOR)

Upregulated

Tumour cell progression,
metastasis and low survival
rate

63,64,66,67

Hypoxiainducible factor
1 alpha (HIF1A)

Upregulated

Promote cancer recurrent and
reduce survival rate
Prevent cell homeostasis

63,66,69–71

p12 activated
kinase 4
(PAK4)

Upregulated

Tumour proliferation,
metastasis and poor survival
rate

66,72,73

5.5

References

Let 7

Lethal-7 or known as let 7 was the first
miRNA discovered to be downregulated
in liver cancer. It is a tumour suppressor
miRNA that has the ability to suppress the
growth of liver cancer through various
mechanisms (74). The loss of let 7 activity
or downregulation in let 7 expression
contributes to the suppression of liver
cancer-associated oncogenes. Let 7 can
target many genes that involve in
regulating cell cycle, differentiation,
migration and invasion. The aberrant
regulation of let 7 can be affected by the
genetic alterations and perturbation in
processing mechanisms (miRNA processing

mechanism) which contributes to the
aggressive progression of liver cancer 74 .
The association of let 7 in development
of HCC is known to associate with the
inflammatory responses and most of
inflammatory mediators and pathways can
modulate tumorigenesis. One of the
significant inflammatory pathways that
play crucial roles in liver cancer is signal
transducer and activator of transcription 3
(STAT3) signalling pathway (75). The
activation of this pathway is responsible to
initiate the inflammatory responses which
result in the development of liver cancer.
High expression of let 7 in the liver cells
can suppress STAT3 activity, thereby
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impedes the cell growth and inflammatoryassociated genes. The elevated level of
STAT3 in HCC has been demonstrated in
various studies. This gene acts as an
oncogene where it mediates tumour
proliferation and invasion through the
activation of interleukin-6 (IL-6) and
epidermal growth factor (EGF) (76). Thus,
the use of let 7 to control the aberrant cell
inflammation can be a promising therapeutic
intervention in preventing further cancer
progression.
Furthermore, the expression of the
RAS gene is correlated with the let 7
mutation. RAS protein is responsible for
causing hyper-proliferation of cancer (77).
The abnormal expression of let 7 may
result in the activation of the RAS gene
and leads to progression and invasion of
tumour cell (75). Additionally, RAS protein
has abundant types of isomers and each of
them associates with mutations in different
cells (78). Therefore, let 7 expression could
facilitate the downregulation of the target
gene in order to prevent further
complication of cancer cell. Hence, the
use of let 7 as a therapeutic agent can be a
promising strategy in the future.
Moreover, let 7b has shown a
remarkable
association
with
the
progression of HCC. Quantitative-PCR
(qPCR) showed let 7b expression was
highly downregulated in HCC which
contributed to the tumorigenesis. The
mechanism underlying cancer proliferation is
through the upregulation of Wnt/β-catenin
and c-Myc genes (79). Wnt/β-catenin gene
is an oncogene that is responsible for
enhancing cancer proliferation and
migration (75,79). The abnormal Wnt/βcatenin activity is noticeable in HCC
patients. The overexpression of let 7b in
healthy people prevents and blocks the
Wnt/β-catenin activation in regard to
prevent cancer development. Thus, qPCR
result supports the use of let-7b as
potential biomarker in HCC patients as its
remarkable role in cancer development

(79). The ability of let 7b in suppressing
the expression of Wnt/β-catenin is
extremely useful to be used for early
diagnosis and prognosis of liver cancer
avoid further complication.
The summary regarding let 7 target
genes in regulating cancer development is
shown in the Table 6. According to the
most relevant previous studies, it can be
deduced that the tumour suppressor
miRNAs are lowly expressed in cancer
cells and inversely inhibit liver cancer
development by targeting several oncogenes
and stimulating tumour suppressor genes.
These targets could be either upregulated
or downregulated in cancer development.
The review on the related pathways of
these miRNAs could help future researchers
to conduct research in developing new
intervention for liver cancer.
6.0

Future prospective on the roles of
miRNA in liver cancer

6.1

MicroRNAs involvement in the
diagnosis and prognosis of liver
cancer

Identifying miRNAs that could serve
as robust diagnostic biomarkers is crucial
because the prevalence and death rate for
this cancer is rapidly increased over time.
miRNA exhibits tissue specificity, thus,
can provide better biological markers as
compared to the other related HCC
biomarkers (2,80–82). In most cases, the
tumour were detected at the advanced
stage due to the lack of efficient diagnostic
biomarkers which will result in poor
survival rate (3,82). Therefore, early
diagnosis of liver cancer can be achieved
by using miRNA as a biomarker and the
tumour aggressiveness can be overcame at
the early treatments.
Hence, it is remarkably effective to use
miRNAs as diagnostic biomarker for liver
cancer to improve healthcare management
(2,81).
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Table 6: Summary of let-7's targets in liver cancer.
Target

Function

STAT3

Expression in liver
cancer
Upregulated

RAS gene

Upregulated

Hyper-proliferation of cancer

Wnt/β-catenin Upregulated

6.2

References

Initiate inflammatory
response, thus, promote
cancer proliferation

Exaggerated cancer
proliferation and migration

miRNA as a promising therapeutic
agent for treatment of liver cancer

Most cancer cases are detected at the
advanced stages, thus make it difficult to
provide an effective therapy to prevent
cancer metastasis. The therapy such as
liver transplantation, radiotherapy and
radiosurgery are the only options for the
advanced tumour metastasis (2). Exploring
the new miRNA target genes as the new
potential therapeutic targets can be a
useful approach to provide a promising
strategy for the cancer treatment
(2,3,77,81). The use of miRNA as an
anticancer bullet has attracted a lot of
attentions since it has high specificity
towards the targeted genes involved in
cancer
development.
Hence,
the
functional studies of diverse miRNA roles
in liver cancer is essential as it could
provide knowledge to develop a novel
potential strategy for the cancer treatment
(3,83,84).
There are many ways on how to make
use of miRNA knowledge in establishing
potential therapy for liver cancer. miRNA
biogenesis pathway and any related
signalling pathways which response to
miRNA activities can be used as potential
therapeutic targets (2,77). Furthermore,

74–76

75,77,78

75,79

miRNA itself can be used as a therapeutic
agent by introducing exogenous mimic
siRNA or expression vector to give
continuous effect in liver cancer cell
(77,83). Hence, better treatment outcomes
can be achieved through miRNA specific
binding (2,83,84).
Since a high recurrence rate of liver
cancer had been recorded to be attributed
to the high morbidity and mortality,
therefore the innovative and effective of
therapeutics strategies are essential to
overcome this big problem. As thoroughly
explained above, with an appropriate
optimisation, miRNA could be a powerful
therapeutic target for liver cancer.
7.0

Conclusion

In this review, we discussed and
summarised the latest findings on the roles
of tumour suppressor miRNAs and their
respected target genes in promoting liver
cancer development. This review article
further highlighted the significant roles of
miRNA in the progression of liver cancer
which can be utilised as potential
biomarkers for the early detection. Moreover,
the advantages of these miRNA in
controlling cancer may convinced researchers
to explore it as RNA-based drugs or
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miRNA-based anticancer agents for
therapeutic purposes to reduce the incidence
and death rate for this cancer.

7.
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