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1. ABSTRACT

Hepatocellular carcinoma (HCC) is a
rapidly progressing disease that exerts a huge
burden on patients and health care systems.
Rapid progression and difficulty in detecting
early disease are major obstacles in offering
potentially curative treatments. Besides the
lack of effective chemo- or immunotherapy for
advanceddisease, there are currently noreliable
tumor markers or imaging technologies that
can accurately diagnose early HCC or predict
disease progression. Since the discovery of
microRNA (miRNA) and its involvement in
hepatocarcinogenesis, the literature describes
their usefulness as potential new biomarkers
and treatment targets. Some of these miRNAs
can also be found in the systemic circulation.
With advances in detection and sequencing
technologies, an increasing amount of data
demonstrate the possibility of using circulating
miRNAs as biomarkers to improve our current
management of HCC in a less-invasive manner.
This paper will review circulating miRNAs with
a known function in HCC, describing their role
and function in tumorigenesis. This review
discusses their potential use as biomarkers in
conjunction with emerging treatments in the
diagnosis and targeting of this disease.

2. INTRODUCTION

Liver cancer is the 5 most frequently
diagnosed cancer in men worldwide and
the second most frequent cause of cancer
death. Jemal et al. (2011) in their analysis of
global cancer statistics reported an estimated
748,300 new liver cancer cases and 695,900

liver cancer related deaths worldwide in 2008.
(1) Among primary liver cancers, hepatocellular
carcinoma (HCC) represents the major
histological subtype, accounting for 70% to
85% of the total liver cancer burden worldwide,
with a median survival following diagnosis of
just 6-20 months. (2, 3)

The poor outcome can be attributed to
late diagnosis and the aggressive nature of the
disease. HCC is characterized by progressive
development and a high postsurgical
recurrence rate (up to 40% within the first year
and 54% at 5 years). (4-8) Currently, resection
or liver transplantation are the best options for a
potential cure for HCC. Importantly, the overall
survival rate at 5 years after liver transplantation
is approximately 70-75% for a sub-set of
patients based on clinical staging and 40%-65%
for liver resection. (9) For patients who are not
eligible for surgical treatment (>80%), the 5 year
survival drops below 10%. (4)

HCC is currently diagnosed based on
a combination of radiological criteria and serum
alpha-fetoprotein (AFP) level and only rarely with
histological biopsies. (10) AFP is a glycoprotein,
normally produced by the fetal liver and yolk
sac during gestation, the level normalises to
10-20ug/L by 12 months of age. Raised levels
of AFP (100-4000 ug/L depending on gender)
may indicate HCC, but it may also be associated
with liver injury and other malignancies, such
as gastric cancer and tumors of gonadal origin
(both germ and non-germ cell). (11-14) AFP
remains the main tumor marker used today

© 1996-2015



The role of circulating microRNA in hepatocellular carcinoma

despite having been discarded by the American
Association for the Study of Liver Disease for
the surveillance and diagnosis of HCC in their
practice guidelines (AASLD). (15)

Numerous serum tumor markers have
been proposed over the last decade in the hope
to increase diagnostic accuracy. These include
DCP, AFP-L3, VEGF and IGF-1. (16, 17) This
is a reflection of the heterogeneous nature of
the HCC tumors as a result of their diverse
aetiology, which leads to wide variability of
marker expressions. (18, 19) Furthermore,
independently arising HCCs within the
same patient can also show distinctive gene
expression. (20) There is a clear need of a novel
tumor marker which can assist with diagnosis,
prognosis and treatment.

MicroRNA (miRNA) is a group of small
non-coding RNAs, approximately 22 nucleotides
in length that can accurately regulate gene
expression by complementary base pairing
with the target messenger RNAs (mRNAs). (21)
Since their discovery in nematode C. elegans
in 1993, (22) significant research has led to a
better understanding of their function. It has
been estimated by computational analysis that
over 50% of human protein-coding genes are
regulated by miRNAs and that each miRNA
may target hundreds of different targets. (23)
Some miRNAs can work together as a cluster
to accomplish a common function, they often
have a similar sequence and each cluster
usually consists of 2 to 3 (but may exceed 8)
members. (24) Through their ability to regulate
gene expression, mMiIRNA can participate
not only in normal cell homeostasis and
development processes such as cell cycle, cell
growth, proliferation and apoptosis, but can
also act as tumor suppressors and oncogenes,
controlling tumor invasion, metastasis, and drug
resistance. (25, 26) Dysregulated miRNA with
oncogenic potential is often termed Oncomir. (27)

Numerous articles describe the
associationofmiRNAwithhepatocarcinogenesis
and their use as potential markers for all aspects
of HCC management including diagnosis,
differentiating etiology, monitoring disease

progression, treatment response, prognosis
and as novel therapeutic targets. (28, 29) This
is summarized in Table 1. Although most of the
information came from HCC tissue studies,
increasing evidence suggests alterations
were also reflected in patients’ serum miRNA
level (30). Enumerating circulating miRNA
would allow for the possibility of gathering
information during treatment planning prior to
surgery, which would make circulating miRNA
a novel marker that can improve our current
HCC management. This review will focus on
this subgroup of miRNAs.

3. SEARCH STRATEGY

The literature search involved all
relevant published peer reviewed articles
from PubMed, Ovid, and Medline in English
language until July 2013. The search terms were
combinations of “hepatocellular carcinoma/
hepatomalliver cancer/liver neoplasm” plus
one of the following “microRNA”, “serum
microRNA”, “circulating microRNA”, “diagnosis”,
“prognosis” and “recurrence”. Only articles that
have discussed the use of miRNA as markers
of HCC were included. We subsequently found
104 articles that fit these criteria.

4. CIRCULATING MIRNA

Circulating miRNA in liver disease was
first demonstrated by Wang et al., using an
acetaminophen overdose-induced liver injury
mouse model. The authors found a group
of miRNAs (e.g. miR-122, miR-192 among
many others) that showed dose- and exposure
duration-dependent changes in their plasma
level, which paralleled changes in serum
aminotransferases (AST) level. (31) Zhang
et al., subsequently found that circulating
miR-122 would rise before AST in patients
developing liver injury from HBV infection and
furthermore, circulating miR-122 level was
disease severity-dependent and correlated
with histological stages. (32)

MiRNA is remarkably stable in
the systemic circulation as they can avoid
ribonucleases by forming lipid or lipoprotein
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Table 1. Summary of aberrantly expressed circulating miRNA in HCC
miRNA Expression Study Significance
changes sample
(reference)
miR-1 Up (51) 50 Healthy Liver (HL) Hepatitis B related HCC (HBV-HCC) Significantly
55 HBV-HCC upregulated from control. (p<0.0001)
miR-15b  [Up (91) 30 HL Distinguish HCC from NC with a sensitivity of 98.3%,
153 HCC (141 HBV) specificity of 15.3% and AUC" of 0.485.
30 HBV carriers Level decrease post resection P=0.0637
miR-16 Down (120) 71 HL, Significant association with HCC (HCC versus NC,
105 HCC (20 HBV, 66 HCV), HCC versus CLD, CLD versusNC, all P<0.01),
107 Chronic liver disease (CLD) (8 HBV, 59 HCV) combine with AFP improves accuracy.
miR-18a  [Up (50) 60 HL Discriminate HBV- HCC from healthy controls with
101 HBV-HCC AUC 0.881, sensitivity 86.1%, specificity 75%.
30 HBV chronic hepatitis or cirrhosis HBV-HCC from HBYV cirrhosis or chronic hepatitis
AUC 0.775, sensitivity 77.2%, specificity 70%
miR-21 Up (105) 89 HL, 101 HCC (76 HBV-HCC), 48 CH (all HBV+ve) |Significantly elevated in HCC (p<0.0001)
miR-21 Up (86) 20 HL, 46 HCC (30 HBV-HCC) Elevated in HCC
miR-21 Up (70) 68 HL Significantly upregulated HBV-HCC versus
204 HBV-HCC Healthy+CBH+HBV-Cirrhotic group. P<0.001
75 Chronic HBV AUC to distinguish HBV-HCC from all those other
60 HBV-Cirrhosis groups combined is 0.626
miR-21 Up (94) 30 HL Distinguish HBV-HCC from healthy+HBV group with
29 HBV sensitivity 89.47%, specificity 71.19%, AUC 0.865
57 HBV-HCC Level decrease post resection (p=0.0648)
miR-25 Up (51) 50 HL Significantly upregulated from control. (p<0.0001)
55 HBV-HCC When miR-25 and let-7f were tested together
with miR-375, it increased the AUC to
0.9967+/- 0.015 (specificity 99.1%; sensitivity
99.1%)
miR-26a  |Down (70) 68 HL Significantly downregulated when compared to
204 HBV-HCC Healthy+CBH+HBV-Cirrhotic group. P<0.001
75 Chronic HBV AUC to distinguish HBV-HCC from all those other
60 HBV-Cirrhosis groups combined is 0.665
miR-27a  |Down (70) 68 HL Significantly downregulated when compared to
204 HBV-HCC Healthy+CBH+HBV-Cirrhotic group. P<0.001
75 Chronic HBV AUC to distinguish HBV-HCC from all those other
60 HBV-Cirrhosis groups combined is 0.638
miR-92a  [Down (52) 10 HL, 10 HCC (3HBV, 5 HCV, 2 non-b, non-c) Decreased compare to HL (p=0.022)
Decreases post-resection (p=0.082)
miR-92a [Up (51) 50 HL Significantly elevated in HBV-HCC P<0.0001
55 HBV-HCC
miR-122  [Up (105) 89 HL, 101 HCC (76 HBV-HCC), 48 CH (all HBV+ve) |Significantly elevated in HCC. P<0.0001

AUC 0.93 to diagnose CH from control, AUC 0.79 to
diagnose HBV-HCC from CH, if other cause for liver
injury has been excluded.
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Table 1. Contd...
miRNA Expression Study Significance
changes sample
(reference)
miR-122  [Up (115) 24 HL Significantly upregulated in chronic HCV
38 Chronic HCV with normal ALT hepatitis (p<0.001)
64 Chronic HCV with elevated ALT Discrimination chronic HCV infection from
HL (p=0.026) AUC 0.97
miR-122  [Down (70) 68 HL Significantly downregulated when compared to
204 HBV-HCC Healthy+CBH+HBV-Cirrhotic group. P<0.062
75 Chronic HBV AUC to distinguish HBV-HCC from all those other
60 HBV-Cirrhosis groups combined is 0.553
miR-122  [Down (87) 85HL Significantly upregulated compare to healthy. P<0.001
85 HCC (75 are HBV-HCC) Diagnose HCC, AUC 0.707, sensitivity 70.6%,
specificity 67.1%. (no superior to AFP)
When combined with AFP, AUC 0.943, sensitivity
87.1%, specificity 98.8%
miR-130b [Up (94) 30 HL Distinguish HCC from healthy AUC 0.913, sensitivity
153 HCC patients (141 HBV+ve) of 87.7%, specificity of 81.4%.
30 HBV carriers When combined with miR-15b, AUC 0.981, sensitivity
of 98.3%, specificity of 91.5%.
Level decrease post resection p=0.0158
miR-183  [Up (94) 30 HL Significantly elevated in HBV-HCC. Distinguish
153 HCC patients (141 HBV+ve) HBV-HCC from healthy+HBV group with sensitivity
30 HBV carriers 57.89%, specificity 69.49%, AUC 0.661
Level decrease post resection P=0.0084
miR-192  [Up (115) 24 HL Significantly upregulated in chronic HCV
38 Chronic HCV with normal ALT hepatitis (p<0.001)
64 Chronic HCV with elevated ALT
miR-192 | Up (70) 68 HL Significantly upregulated in HBV-HCC when
204 HBV-HCC compared to Healthy+CBH+HBV-Cirrhotic group.
75 Chronic HBV P=0.016
60 HBV-Cirrhosis Distinguish HBV-HCC from all those groups
combined, AUC 0.569
miR-195  [Down (120) 71 HL, 105 HCC (20 HBV, 66 HCV), 107 CLD (8 HBV, | Significantly downregulated in HCC compared to
59 HCV) HL (p<0.01)
HCC v.s. CLD (p=0.04)
CLD v.s. normal (p<0.01)
miR-199a |Down (120) 71 HL, 105 HCC (20HBV, 66HCV), 107 CLD (8HBV, |Significantly downregulated in HCC compared to
59HCV) healthy control (p<0.01), HCC v.s. CLD (p<0.01)
CLD v.s. normal (p<0.01)
miR-206 |Up (51) 50 HL Significantly upregulated in HBV-HCC compared to
55 HBV-HCC control. (p<0.0001)
miR-221  [Up (86) 20 HL, 46 HCC (30 HBV-HCC, 16 others) Elevated in 35/46 HCC, correlates with HCC

stage and prognosis (5 year overall survival rate
is significantly lower in patients with high miR-221
expression, P<0.05.)
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Table 1. Contd...
miRNA Expression Study Significance
changes sample
(reference)
miR-221 Up (87) 85HL Level is higher in the HCC group but it is not
85 HCC (75 are HBV-HCC) statistically significant (p=0.225).
miR-222  |Up (86) 20 HL, 46 HCC (30 HBV-HCC, 16 others) Elevated in HCC
miR-223  |Up (51) 160 HL Significantly elevated in all HBV related liver groups
135 HBV (both chronic and asymptomatic) compared to HL. P<0.0001
48 HCV HCV v.s. control P=0.0043
65 HBV-HCC
miR-223  |Up (105) 89 HL, 101 HCC (76 HBV-HCC), 48 CH (all HBV+ve) |Distinguish HCC from HL P<0.0001.
miR-223 | Down (70) 68 HL Significantly downregulated in HBV-HCC when
204 HBV-HCC compared to HL+CBH+HBV-Cirrhotic group. P<0.001
75 Chronic HBV AUC to distinguish HBV-HCC from all those groups
60 HBV-Cirrhosis combined is 0.643
miR-224  |Up (86) 20 HL, 46 HCC (30 HBV-HCC, 16 others) Elevated in HCC
miR-375 [Up (51) 50 HL HBV-HCC significantly upregulated from
55 HBV-HCC HL (p<0.0001)
Distinguish HBV-HCC from HL
AUC 0.96 (specificity of 96%; sensitivity of 100%)
When miR-25 and let-7f were tested together
with miR-375, it increased the AUC to
0.9967+/- 0.015 (specificity 99.1%; sensitivity 99.1%)
miR-500 [Up (95) 10 HCC (unspecfied aetiology) Levels increased in 3/10 HCC patients, significantly
reduced within 6 months post-HCC resection.
miR-801 |Up (70) 68 HL Significantly upregulated when compared to
204 HBV-HCC HL+CBH+HBV-Cirrhotic group. P<0.001
75 Chronic HBV AUC to distinguish HBV-HCC from all those other
60 HBV-Cirrhosis groups combined is 0.629
miR-885 [Up (93) 24 HL, 46 HCC (33 HBV-HCC), 26 Liver The data demonstrated that patients with HCC, LC or
(-5p) cirrhosis (LC) (20 HBV), 26 chronic HBV CHB had significantly (P<0.0001) higher serum levels
of miR-885-5p than HL
Let-7f Up (51) 50 HL HBV-HCC significantly upregulated from
55 HBV-HCC HL. (p<0.0001)
Distinguish HBV-HCC from HL when combined with
miR-25 and -375, AUC=0.9967
Specificity 99.1%, sensitivity 97.9%
miR-21, Up (-21,-192) |68 HL Panel consists of miR-21, -26a, -27a, -122, -192, -223,
-26a, -27a, | Down for the  |204 HBV-HCC can diagnose HBV-HCC with an AUC of 0.888,
-122,-192, [rest (70) 75 Chronic HBV regardless of the BCLC stages.
-223 60 HBV-Cirrhosis Can also differentiate HBV-HCC from

HL (AUC=0.941), chronic hepatitis B (AUC=0.842),
and cirrhosis (AUC=0.884).

TAUC: area under the operating characteristic curve, where 1 is a perfect test.
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complexes (such as apoptotic bodies,
microvesicles, and exosomes), these
complexes can withstand extreme pH and
temperature, remaining relatively stable for
detection ex vivo (i.e. formalin fixed tissue).
(30, 33, 34) Circulating miRNA can be
detected with RT-PCR, microarray and next-
generation sequencing. RT-PCR is the most
common technique that utilizes a stem-loop
primer binding to the mature miRNA during the
reverse transcription step to amplify the desired
miRNA. Chen et al., found that miRNA RT-PCR
can distinguish single nucleotide differences
between related miRNAs. (35) The stability of
circulating miRNA allows reliable enumeration,
which is vital as a novel diagnostic biomarker.

Study of the circulating miRNA is not
complete without understanding their role
in liver tissue. There are numerous studies
which have attempted to correlate aberrant
miRNA expression with various roles in
hepatocarcinogenesis. Many used microarray
to compare mIiRNA expression between
HCC tissues to their adjacent normal tissues,
any aberrantly expressed miRNAs would be
confirmed with gqRT-PCR and analysed for
statistical significance. Various in silico and
in vitro methods would then be employed to
identify possible targets of those miRNAs. As a
result, several hundreds of tissue miRNAs and
their potential targets have been shown to play
a role in hepatocarcinogenesis. (36, 37) These
tissue study findings will be summarised as
we study their corresponding alterations in the
circulation (serum) in more than 20 important
miRNAs below.

4.1. miR-18a
4.1.1. Tissue

MiR-18a is a member of the miR-17-92
cluster, which consists of miR-17-5p,
miR-17-3p, miR-18a, miR-19a, miR-20a,
miR-19b, and miR-92-1. This cluster is
one of the best characterized oncogenic
miRNA clusters and has been designated as
Oncomir-1. (27) Over-expression of this cluster
has been linked to hepatocarcinogenesis
and many other cancers. (27, 38-41) MiR-
18a was found to be significantly upregulated

in both HCV and HBV-related HCC. (42-45)
Connolly et al., demonstrated that by knocking
down the miR-17-92 cluster, the HepG2 cell
line showed reduction in proliferation and
anchorage-independent growth. (43) Wu
et al., identified in gastric cancer that miR-
18a could suppress PIAS3 (Protein Inhibitor
of Activated Signal Transducer and Activator
of Transcription 3), which resulted in elevated
STAT3 (Signal Transducer and Activator of
Transcription 3) levels and their downstream
transcriptional targets, namely the inhibitors of
apoptosis Survivin, Bcl-xL and c-Myc. (46)

One report demonstrated that the
estrogen receptor 1 (ESR1) gene, which
encodes estrogen receptor alpha (ERa), was
potentially a target of miR-18a as increased
miR-18a level was associated with ERa
suppression. (45) Given that the miR-18a level
was significantly higher in female HCC tissue
compared to males, the authors hypothesised
that estrogen might have a potential protective
role against HCC. (45) However, this does not
fully explainwhy HCC is more prevalentin males
given there are other reports demonstrating
that estrogen can promote liver regeneration
and growth, and has been found to promote
hepatocarcinogenesis and tumor progression
in vitro and in animal models. (47-49)

4.1.2. Serum

Serum miR-18a level was found to
be significantly elevated in HBV-related HCC
patients when compared to healthy controls
and patients with HBV-related chronic hepatitis
or cirrhosis. (50) The serum level of miR-18a
could be used to discriminate HBV-related HCC
from healthy controls with an area under the
operating characteristic curve (AUC) of 0.881
with 86.1% sensitivity and 75% specificity. This
demonstrated the potential diagnostic role of
serum miR-18a in clinical practice. (50)

4.2. miR-92a
4.2.1. Tissue

MiR-92a is also a member of the
miR-17-92 family. Connolly et al., (43) and
Li et al, (51) showed that miR-92a was
significantly overexpressed in HBV-related
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HCC tissues compared to HBV-infected liver, or
normal adjacent liver tissues. This is supported
by Shigoka et al., using in situ hybridization on
a small group of HCC tumors (45% HCV and
27% HBV-related) and found strong miR-92a
staining in most HCC cells with no staining
in the surrounding normal tissues. The same
group further demonstrated anti-miR-92a
antagomir, an engineered oligonucleotide
which can block miR-92a, transfected HCC
cell lines had a decreased proliferation rate
compared to control. (52) Several potential
miR-92a targets have been verified or predicted
in other tumors such as FAN, DKK3, NOX4 and
AURKA, however, more studies are required to
assert their roles in hepatocarcinogenesis. (53)

4.2.2. Serum

Li et al., showed that in a group of 55
HBV-related HCC patients, serum miR-92a
levels were significantly elevated compared
to healthy controls. (50) However, Shigoka’s
group analysed blood from 10 HCC patients (of
unspecified aetiology) and found their circulating
miR-92a level to be significantly decreased
compared to healthy control, contradicting
their own HCC tissue findings. (52) The reason
for the discrepancy between the studies is
unknown. Studies with large cohorts of patients
using a standardised reference are required
to evaluate the potential clinical role of serum
miR-92a.

4.3. miR-26a
4.3.1. Tissue

MiR-26a is a tumor suppressor and
its expression in HCC tissue is found to be
significantly downregulated compared to
adjacentnormal liver. Kota et al., found that miR-
26a is able to induce G1 cell arrest by directly
suppressing cyclin D2 and cyclin E2 in vitro.
In a murine HCC model, mice transfected
with adeno-associated virus carrying miR-
26a showed inhibition of cancer proliferation,
induction of tumor-specific apoptosis and a
dramatic delay in disease progression. (54)

MiR-26a expression can be an
indicator of disease severity with significantly
downregulated miR-26a expression found

in HCCs with vascular/lymphatic invasion or
intrahepatic metastasis. (49, 55) Downregulated
miR-26a is also associated with higher
TNM stage, higher likelihood of recurrence,
metastasis and shorter overall survival. (55, 56)

Many studies suggest miR-26a is
involved in complex interactions between
estrogen, estrogen-receptor alpha (ERa),
interleukin-6 (IL-6) and transcription factor
STAT3 (signal transducer and activator of
transcription 3) associated gene. (49, 55)

Chen et al., found that oestradiol (E2)
promotes HCC tumor growth in a similar way
as it promotes breast cancer via the E2 to ERa
pathway. (49) MiR-26a is able to significantly
downregulate ERa and hence prevents
the promoter effect of E2 on HCC cells.
Women normally have a significantly higher
expression of miR-26a in their hepatocytes,
which may explain their significantly better
prognosis and lower incidences of HCC
compared to men. (57-60)

IL-6 is a multifunctional cytokine
largely involved with hepatocyte and systemic
inflammation. It has been found to be able to
promote tumor growth and invasion in many
types of tumors including HCC. (61-66) Serum
and tissue levels of IL-6 increase with chronic
liver inflammation and HCC, and it is inversely
related to miR-26a expression. (55, 67, 68) Yang
et al., discovered that IL-6 is a target of miR-26a
and knocking down IL-6 or transfecting cells
with miR-26a can suppress HCC progression.
(56) Interestingly, estrogen can also suppress
IL-6 production by Kupffer cells. (65)

IL-6 can also lead to cancer formation
through the IL-6-STAT 3 signaling pathway. (69)
STAT 3 belongs to the STAT protein family,
which is a cytoplasmic protein that can be
activated by cytokines and act as a transcription
factor in the nucleus to control cell growth and
apoptosis. Yang et al., demonstrated that they
were able to downregulate many of the IL-6/
STAT 3 target genes by upregulating miR-26a
expression. (56)
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4.3.2. Serum

The serum level of miR-26a echoes
the changes to their tissue level. Zhou et al.,
compared a large cohort of patients’ serum,
and found that miR-26a is significantly
downregulated in patients with HBV related
HCC when compared to healthy control and
patients with chronic HBV infection with or
without cirrhosis. The serum miRNA-26a level
is able to distinguish HBV-HCC from the other
groups with an AUC of 0.665. (70)

4.4. miR-221

4.4.1. Tissue

Upregulation  of miR-221 had
previously been found in various tumor types
such as glioblastoma, (71) bladder cancer, (72)
papillary thyroid tumor (73) and pancreatic
cancers. (74) Gramantieri et al., used miRNA
microarrays to compare a collection of cirrhosis-
associated HCC tissues, to their corresponding
non-malignant cirrhotic tissues. They found
miR-221 to be upregulated in 83% of HCC
samples when compared to their matched
cirrhotic tissues. (75)

MiR-221 overexpression can promote
malignant cell proliferation by inhibiting the
cyclin-dependent kinase inhibitors, CDKN1B/
p27, (76-79) CDKN1C/p57, (80) and protein
c-kit. (81) It also inhibits apoptosis by down
regulating the pro-apoptotic protein Bmf. (82)
In HCC, downregulation of both CDKN1B/p27
and CDKN1C/p57 has been associated with
more aggressive and advanced tumor stage,
poorer prognosis and shorter disease-free
survival. (83-85) This is likely to be a result
of miR-221 interacting with their respective
mRNAs, which leads to downregulation of
CDKN1B/p27 and CDKN1C/p57 and hence
promotes cells entering S-phase of the cell
cycle and subsequent tumor growth. (80)

4.4.2. Serum

Li et al., compared serum miR-221
expression between 46 HCC patients (30 are
HBV-related HCC) and 20 healthy controls. In
76% of HCC patients’ serum the miR-221 level
was upregulated at least 2-fold (average 4.8

fold increase). When separated into high and
low expression groups based on average fold
change of 4.8, the authors found that a high level
of miR-221 expression is significantly correlated
with cirrhosis, a larger tumor size (=5cm) and a
more advanced tumor stage. Furthermore, high
levels of miR-221 expression were associated
with significantly lower overall survival and were
an independent factor in predicting the overall
survival in HCC patients. (86)

Luo et al, compared the serum
miR-221 levels in 85 HCC patients (75 are
HBV-related HCC) with 85 healthy controls,
and found that although miR-221 level was
higher in the HCC group, the difference was not
statistically significant. (87)

4.5. miR-224
4.5.1. Tissue

miR-224 is one of the better-
understood miRNAs in HCC and many other
cancers. It has been associated with a variety
of carcinogenic processes including cell
differentiation, transcription, apoptosis, growth
and proliferation. (88)

Ladeiro et al., (89) and Murakami
et al., (37) showed in their cohorts with similar
numbers of HBV and HCV-related HCC
patients that tissue miR-224 in the cancer is
significantly upregulated compared to adjacent
normal liver. (37, 89) The upregulation of
miR-224 in HepG2 cell line promotes cell
proliferation, invasion and migration. (90) When
the HCC cell line THLE-3 was transfected with
a miR-224 inhibitor, its API-5 expression was
significantly increased and showed protection
against UV-induced apoptosis. (91)

In contrast, in in vivo assays in the
same study showed that by transfecting a
colorectal cell line with low endogenous miR-
224 expression, with miR-224 precursor, cells
had significantly increased apoptotic rate as a
result of miR-224’s inhibition of the apoptosis
inhibitor 5 (API-5) gene.

Interestingly, miR-224 could also
significantly promote cell proliferation, in
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combination with its ability of promoting
apoptosis, the net result was a fairly constant
number of viable cells compared to control but
decreased cell viability. (91) The Myc oncogene
is another regulator that has been demonstrated
to have this seemingly contradictory role in
a cell. (92) It is possible that miR-224, like
Myc, can promote cell competition by eliciting
surrounding cell apoptosis while promoting
tumor cell proliferation and results in a net
clonal expansion of the tumor.

4.5.2. Serum

Serum miR-224 have been shown
to be elevated in HCC and cirrhotic patients
compared to healthy control. (93, 94) However,
its level was very low and Gui et al., found that
although patients with chronic cirrhosis had a
significantly higher level compared to healthy
control, there was no statistically significance
between HCC patients and healthy control. (93)

4.6. miR-500
4.6.1. Tissue

Using miRNA microarray technology
studying the global miRNA expression of
different stages of neonatal mouse livers,
Yamamoto et al, found that miR-500 is
a potential oncofetal miRNA. Its level is
normally high in fetal liver and subsequently
downregulated during developmental process,
however, its expression can significantly
increase with cirrhosis and HCC, but not in
chronic hepatitis, when compared to adjacent
normal tissues. (95)

4.6.2. Serum

Yamamoto et al., further tested 10
patients’ serum and found that 3 of the patients
had a significantly higher level of miR-500
expression. All 3 patients’ level returns back to
normal after surgical resection. More studies
need to be done on larger cohorts to establish
the sensitivity, specificity and roles of miR-500
in HCC.

4.7. miR-885-5p
4.71. Tissue

Downregulation of tissue miR-885-5p
levels have been shown to be significantly

correlated with HCC recurrence (>50% of
the patient samples are HCV positive, only
7.5% are HBV positive) within 3 years after
liver transplantation. (96) However, we have
limited understanding of miR-885-5p’s role in
hepatocarcinogenesis. One study discovered
that miR-885-5p’s downregulation is associated
with primary neuroblastoma and that miR-
885-5p can activate the cell cycle regulator
p53, inhibit cyclin-dependent kinase 2 (CDK2)
and the mini-chromosome maintenance protein
5 (MCM5). (97)

4.7.2. Serum

Gui et al. showed that the serum level
of miR-885-5p is significantly upregulated
in patients with chronic HBV infection, HBV-
related HCC and liver cirrhosis compared
to healthy adults. However, no significant
differences were seen between the 3 groups
of patients. Serum miR-885-85p yielded
a diagnostic accuracy AUC of 0.904, with
90.53% sensitivity and 79.17% specificity, in
distinguishing patients with HBV related liver
pathologies from healthy adults. (93) This study
has demonstrated that serum miR-885-5p level
can help distinguishing healthy adults from
patients with HBV related liver pathologies.

4.8. miR-15b, -130b
4.8.1. Tissue

In silico analysis of the HCC miRNA
microarray database in National Centre for
Biotechnology Information Gene Expression
Omnibus, including information from both HBV
and HCV infected HCC, found that miR-15b is
significantly upregulated in HCC tissues. (98)
Comparing a cohort of 96 pairs of HBV-related
HCC tissues and their adjacent normal tissue,
Liu et al., found that miR-15b and miR-130b
were significantly upregulated in HCC tissue
in high copy number (>100 copies/10pg input
RNA). This remained true for HCC with low AFP
secretion (<400ng/ml). (94)

CD133+ HCC cells had been found
to possess stem cell-like properties such
as self-renewal and differentiation into non-
hepatocyte-like, angiomyogenic like lineages.
Furthermore, they have greater ability to

© 1996-2015



The role of circulating microRNA in hepatocellular carcinoma

initiate tumors in vivo and shown to be more
resistant to chemotherapy. (99-102) Ma et al.,
demonstrated that miR-130b was significantly
overexpressed in CD133+ HCC cell lines
when compared to CD133- cells. CD133-
HCC cell lines showed a greater potential
for self-renewal, superior resistance to
chemotherapy and enhanced tumorigenicity
via the Akt/PKB and Bcl-2 pathways when
they were transduced with miR-130b. (102)
When antagonising miR-130b was transfected
into CD133+ HCC cells, the opposite effects
were observed. (102)

The potential roles of miR-15b in
hepatocarcinogenesis are less understood.
One study found that fibrotic liver tissues had
significantly lower miR-15b level when compared
to normal liver tissues. It demonstrated that miR-
15b could target Bcl-2 and Caspase signalling
pathways to induce apoptosis in rat hepatic
stellate cells (HSCs). When miR-15b expression is
downregulated, the increased Bcl-2 and Caspase
signalling can promote HSCs proliferation and
inordinate extracellular matrix production, which
can lead to liver fibrosis. (103)

4.8.2. Serum

Liu et al. conducted a comprehensive
study on serum miR-15b and miR-130b in a
cohort of mainly HBV-related HCC patients.
They discovered that serum miR-15b level was
able to distinguish HCC from healthy patients
with a sensitivity of 98.3%, specificity of 15.3%
and AUC of 0.485. Serum level of miR-130b
gave a sensitivity of 87.7%, specificity of
81.4% and an AUC of 0.913. However, when
both were used together, they were able to
distinguish HCC patients from healthy controls
with a sensitivity of 98.3%, specificity of 91.5%
and an AUC of 0.981. This diagnostic accuracy
remains fairly constant when tested in groups
of patients with a normal level of AFP (<20ng/
ml) and patients with early stage HCC (TNM
[ or I). (94) This study had demonstrated the
usefulness of serum mIRNA in diagnosing
HBV-related HCC compared to traditional
AFP measurement and the potential of serum
miRNA in clinical practice. (94)
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4.9. miR-21
4.9.1. Tissue

Numerous studies have established
that miR-21 expression is significantly

upregulated in HCC compared to their adjacent
normal tissue. (89, 94, 104) Liu et al., studied
the miR-21 expression in HBV related HCC
patients and found their increased expression
remained true in patients with low AFP levels
(<400ng/ml). (94) Meng et al. used miRNA
microarrays and found that HCC tissues
(unspecified underlying aetiology) and its cell
lines overexpressed miR-21. Increased miR-21
expression in tumor cell lines, by transfection
with precursor miR-21, is associated with
increased tumor cell invasion, migration and
proliferation. (104) Connolly et al., further
discovered that miR-21 is over expressed
in 100% of HBV associated HCC samples
(n=19) and that knocking down miR-21
was associated with a 50% reduction in cell
proliferation. (43) MiR-21 is likely to be involved
in HCC tumorigenesis by its inhibitory effect
on phosphatase and tensin homolog tumor
suppressor (PTEN). It has been observed that
PTEN level rises when miR-21 is inhibited and
tumor cell progression is delayed. (104)

4.9.2. Serum

The serum level of miR-21 was
significantly upregulated in HCC patients and
decreased post HCC resection, although not
statistically significant. (94, 105) Using miR-21
as a diagnostic marker for HCC yielded a
specificity of 89.5%, sensitivity of 71.2% and
an AUC of 0.865. (94)

4.10. miR-223
4.10.1. Tissue

MiR-223 was downregulated in HCC
compared to normal liver tissues irrespective
of underlying viral association. (106) It was
found to be a likely suppressor of Stathmin1
(STMN1), which is a key microtubule-regulatory
protein that controls cellular proliferation and
cell cycle. STMN1 over-expression has been
shown to correlate significantly with HCC
vascular invasion, high tumor grades and early
recurrences. (107) Wong et al. found that they
could significantly reduce HCC cell viability by
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knocking down STMN1 or by transfecting cells
with miR-223 (p<0.01). (106)

4.10.2. Serum

Li et al., (37)and Xu et al., (41) studied
the serum miR-223 expression in a large
cohort of mainly HBV infected patients and
found that it is significantly elevated in patients
HBV-positive HCC when compared to healthy
adults. (51, 105) When serum level of miR-223
was measured with miR-23b, -423, -375, -23a,
and -342-3p, they were able to accurately
distinguish patients HBV-positive HCC from
healthy adults with an AUC of 0.999. (51)

4.11. miR-122
4.11.1. Tissue

MiR-122 is a liver specific miRNA
and it is significantly downregulated in HCC
tissues. (108, 109) All common HCC cell
lines, which none were from patients with
HCV infection, also showed downregulation
of miR-122. (110) A significant reduction of
miR-122 expression has been associated with
advanced tumor with intrahepatic metastasis.
Tsai et al., demonstrated that miR-122 can
suppress angiogenesis by regulating ADAM17,
a disintegrin and metalloprotease involved
in regulating cell adhesion, migration and
metastasis. (111) MiR-122 can also regulate
ADAM10, Serum Response Factor (SRF),
Insulin-like growth factor 1 receptor (IGF1R),
and cyclin G1; their deregulation has been
linked to tumorigenesis. (112, 113) Bai et al.,
demonstrated that increasing expression of
miR-122 in HCC cell lines could sensitise cells
to be more susceptible to Sorafenib. (112)
Clinically, the level of miR-122 expression
was highly heterogeneous in HCC samples.
HCC patients with low tissue level of miR-122
had a significantly lower overall survival, (114)
and Coulouarn et al., showed that in patients
with HBV-related HCC, suppression of tissue
miR-122 could be correlated with increased
tumor size, grade and metastatic properties.
(114) Varnholt et al., looked at the HCC tissues
from patients with underlying HCV infection
and found that miR-122 level was significantly
increased rather than decreased compared to
healthy controls.

4.11.2. Serum

Luo et al., compared serum from 85
HCC patients (75 are HBV-related HCC) with 85
matched healthy adults and found that the serum
miR-122 level was significantly downregulated in
HCC patients, however, it alone was not superior
to AFP for HCC diagnosis. (87) In patients with
chronic HCV hepatitis and non-alcoholic fatty
liver disease, serum miR-122 was significantly
upregulated. (115, 116) It is hence possible that
miR-122 expression is aetiology dependent;
being downregulated in HBV-related HCC and
upregulated in HCV related HCC.

In contrast, Xu et al, found that
serum miR-122 was significantly upregulated
in a cohort of mainly HBV-related HCC
patients. (105) Along with serum miR-21 and
miR-223, which were also upregulated, the 3
miRNAs showed a greater increase in patients
with chronic hepatitis B and chronic cirrhosis,
to a greater degree than in patients with HCC.
The author postulated that serum miR-122 and
-223 level reflected hepatocyte injury rather
than malighancy and because miRNAs were
very stable in the circulation, their levels could
accumulate with time. (105) This notion was
supported by two other papers, which found
miR-122 among several other miRNA levels to
be upregulated with liver injury. (31, 117)

4.12. miR-16
4.12.1. Tissue

MiR-16 has been found to reduce
the expression levels of cyclin D1 (CD1)
and lead to cell cycle arrest and subsequent
apoptosis. (118) The miR-16 expression is
downregulated in hepatic satellite cells, an
important mediator causing liver fibrosis. (119)
Qu et al., further discovered that both HCC
(mixed aetiology, 66 HCV, 20 HBV, 19 others)
and chronic liver disease patients have
significantly lower levels of serum miR-16
compared to healthy individuals. The level in
HCC patients is further significantly lower than
that in patients with chronic liver disease.

4.12.2. Serum
When serum miR-16 levels were used
as a diagnostic tool for HCC, it had a sensitivity
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of 79.1% (HCC <3mm), 66.1% (HCC >3mm)
and a specificity of 88.8%. However, when
combined with AFP, AFP-L3, and DCP levels, its
sensitivity increased to 88.4% (<3mm), 93.5%
(>3mm) at a small expense of specificity to
78.5%. (120) Gui et al., found conflicting results
in a group of predominantly HBV-related HCC
patients. They found that the serum miR-16 level
was actually significantly elevated rather than
suppressed. One possible explanation was the
different patient demographics, one population
had predominantly HCV-related HCC, whilst the
other population had predominant HBV-related
HCC (Qu et al., Gui et al. respectively). (93)

4.13. miR-195, -199a
4.13.1. Tissue

The expression of miR-195 and
miR-199a were found to be significantly
downregulated in HCC tissues. (37, 75, 121)
Like miR-16, both miR-195 and miR-199a
are cell cycle suppressors that can suppress
HCC tumor growth in vivo. Xu et al., found
that miR-195 may block the G1/S transition by
repressing tumor suppressor retinoblastoma/
E2F signalling through targeting CD1, cyclin-
dependent kinase 6 (CDK6), and transcription
factor E2F3 (121). Fornari et al., found that miR-
199a could lead to G1 phase cell cycle arrest
by targeting mammalian target of rapamycin
(mTOR) and c-MET. (122)

4.13.2. Serum

Like miR-16, serum levels of miR-195
and miR-199a were found to be significantly
lower in HCC patients when compared to
healthy individuals and patients with chronicliver
disease. Although serum miR-199a alone had
limited HCC diagnostic sensitivity (sensitivity of
less than 57%), when coupled with the miR-16,
AFP, AFP-L3 and DCP combination described
above, sensitivity increased further to 93% for
small HCC (<3mm), and 95.2% for HCC >3mm
and a specificity of 72.9%. (120)

4.14. miR--27a, -192, -801
4.14.1. Tissue

MiR-192 is overexpressed in HepG2
cell line, which is a HCC cell line generated

from a HBV patient. MiR-192 can repress gene
ERCC3 and ERCC4 expression, both of which
play a key role in the DNA nucleotide excision
repair system. Impairment of this system can
lead to carcinogenesis. (123) However, more
research is needed to compare miR-192
expression between HCC and healthy tissues.
We also know very little about miR-27a and
miR-801 in tissue.

4.14.2. Serum

Zhou et al, used microarray and
screened blood samples from a large cohort
of HBV-related HCC patients versus healthy
controls, chronic hepatitis B and cirrhosis
patients. They identified a panel of microRNAs
(miR-21, -26a, -27a, 122, -192, -223, -801) that
provided a high diagnostic accuracy of HCC
irrespective of disease stage. Even at a very
early stage (i.e. Barcelona Liver Cancer Stage
of 0), the panel provides a diagnostic accuracy
of 0.888. The panel can also distinguish
HCC from healthy with an AUC of 0.941,
chronic hepatitis B (AUC=0.842) and cirrhosis
(AUC=0.884). (70).

4.15. miR-25, -375, let-7f
4.15.1. Tissue

MiR-25 belongs to a cluster of 3
miRNAs consisting of miR-25, -93 and -106b.
These are located on chromosome 7 within
the minichromosome maintenance protein
7 (MCM7) gene. (42) The MCM7 gene and
the miR-106b-25 cluster are overexpressed
in HCC cell lines and HBV-related HCC
tissue. (104, 106, 124) This cluster of miRNAs
has been shown to be involved in regulating
cell proliferation in prostate, gastric cancer and
HCC. (42, 125, 126) Li et al., demonstrated
that although inhibiting each individual
members of the miR-106b-25 cluster will result
in suppressed cell proliferation, when all 3
members were inhibited together, a greater
degree of suppression can be seen. They also
demonstrated that miR-25 can inhibit Bim,
which is a Bcl-2 family protein that promotes
apoptosis, concluding that upregulated miR-25
expression in HCC hinders cell apoptosis and
promotes cancer progression. (42, 127)
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MiR-375 can regulate the Yes-
Associated Protein (YAP)  oncogene
expression. Its expression is significantly
downregulated in HCC compared to
adjacent non-tumor tissue, and as a result
YAP production is upregulated and in turn
potentiates hepatocarcinogenesis. (128, 129)
YAP is a transcriptional co-activator that can
promote HCC cell proliferation and survival
and is overexpressed in approximately 62%
of HCC patients. Furthermore, miR-375 can
suppress the Astrocyte Elevated Gene-1
(AEG-1) oncogene, which has been found
to be associated with >90% of HCC, among
many other cancers, and is associated with
poor clinical outcome. (130) Our knowledge on
AEG-1 is limited, however, it has been found to
be able to activate the Wnt/B-catenin pathway,
which is important for HCC progression. (131)

The let-7 family/cluster (let-7a-1, -2,
-3, let-7b, let-7c, let-7d, let-7e, let-7f-1, -2,
let-7g, let-7i and miR98) of miRNAs is one
of the earliest discovered in C. elegans and,
subsequently humans. (132, 133) Mature let-7
is highly conserved across animal species and is
involved with various different functions across
species, notably the stem-cell differentiation
in C. elegans and as tumor suppressors in
several tumors. (134-136) The let-7 down-
regulation has been correlated to several
human cancers (137-142) and In HCC, the let-7
family miRNAs are significantly downregulated
when compared to adjacent non-tumor or
cirrhotic tissues. (37, 75) One of several ways
let-7 suppression may lead to carcinogenesis is
through its regulation of the RAS/MAP kinase
pathway. The RAS/MAP kinase pathway is
involved in cell proliferation, differentiation,
apoptosis, and tissue development. RAS is
found to be mutated in approximately 30%
of all human cancers; its mutation can lead
to uncontrolled cell growth. (143, 144) Let-7
family miRNAs are regulators of RAS; therefore
downregulated let-7 may result in increased
tumorigenesis. (137)

Shimizu et al., discovered that let-7c
and let-7g can regulate Bcl-xL expression by
targeting the 3'UTR region of Bcl-xL mRNA.
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Bcl-xL is an anti-apoptotic member of the
Bcl family and its over-expression in HCC
is likely due to decreased let-7c and let-7g
expression. (141) Shimizu et al., have further
demonstrated that they could potentiate
Sorafenib induced apoptosis by transfecting
Huh7 cells with let-7c. (141) Reduced levels of
let-7f were previously found to be associated
with highly invasive and metastatic gastric
cancers. When let-7f expression is increased
through lentivirus transfection in vivo, gastric
cancer metastasis can be inhibited. (145)
However, to our knowledge, no one has
investigated the role of let-7f in HCC yet.

4.15.2. Serum

Li et al, used next generation
sequencing (lllumina Solexa), followed by qRT-
PCR on blood samples collected from a large
group of cohort consisting of healthy control,
HBV-related HCC, HBV- and HCV- infected
patients. They discovered that serum levels of
miR-25, -375 and let-7f were all significantly
upregulated compared to healthy control and
serum miR-375 alone could distinguish HBV-
related HCC patients from healthy controls with
an AUC of 0.96 (specificity of 96%; sensitivity
of 100%). When serum miR-25 and let-7f were
tested together with miR-375, it increased the
AUC to 0.9967+/- 0.015 (specificity 99.1%;
sensitivity 99.1%). They could also distinguish
HBV-infected patients from healthy control with
equally high accuracy (AUC 0.9967 +/- 0.015,
specificity 99.1%, sensitivity 97.9%). This is the
highest diagnostic accuracy we have seen in
literature for HCC diagnosis so far. (51)

5. DISCUSSION

The field of circulating miRNA is
relatively new but it has been developing
rapidly. Taken together, the data suggest many
circulating miRNAs are promising biomarkers
that are superior to AFP and can allow an
earlier diagnosis and monitoring of HCC in a
non-invasive manner. Many circulating miRNAs
have been shown to be able to distinguish
HCC patients from healthy individuals and
patients with chronic cirrhosis with extremely
high accuracy especially in patients with
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HBV infection. Undoubtedly, the future of
HCC management needs to focus on earlier
diagnosis, better indicators of prognosis and
improved treatments.

This review has highlighted that in order
to identify and compare aberrantly expressed
circulating miRNAs, a large patient sample with
an age, gender and race matched control group,
along with knowledge of hepatitis serology and
underlying liver disease is essential. (146) As
HCC is a heterogeneous disease with various
aetiologies, a small sample size could easily
obscure true associations and might explain
the inconsistencies in the various reports.
Furthermore, HBV and HCV-related HCC
often express a different miRNA profile. The
maijority of the studies were conducted on HBV-
related mainland Chinese patients. Although
it reflects the demographics of the disease,
patients with other aetiology and ethnicities
need to be recruited in the future to generate a
more coherent picture of the role of miRNA in
hepatocarcinogenesis. It is likely that different
panels of mMiRNAs would need to be employed
in the future for patients with different ethnic
backgrounds and HCC aetiologies.

Another obstacle for comparing miRNA
expression across different studies is the lack
of a standardised internal reference. Many
studies used U6 RNA, which is normally highly
expressed. However, RNA is unstable in the
plasma, and may be subject to degradation
if the sample handling is not appropriate and
timely. (147) Other studies have used stable
and highly expressed miRNAs as their internal
control, such as miR-16, -181a, -181c, -638 and
-1228. These need to be validated to reach a
consensus as to which one is more appropriate
and should be used by all researchers in the
future.

Future studies will also need to
correlate the circulating miRNA level to other
aspects of HCC management beyond diagnosis
and monitoring such as prognosis, likelihood
of recurrence and response to chemotherapy.
Ji et al., discovered patients with low tissue
miR-26 expressing tumors respond better
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to interferon therapy. (55) This supports the
rationale that miRNAs may have a potential
to distinguish a subpopulation of patients who
may respond favourably to a systemic therapy.
The ability to predict tumor recurrence and
to prognosticate a patient’s disease also has
other implications such as decision for liver
transplantation or other forms of treatments.
The result will be a more targeted treatment,
which can improve patient care, and better
distribution of resources.

Finally, the areas that future serum
miRNA studies need to focus on are
1) recruiting larger cohorts of patients with
different ethnicities, 2) astutely record patients’
HCC aetiology and the need to include it into
the analysis, 3) correlate serum miRNA level
to other clinical parameters, and lastly, 4) the
use and comparison of standardised internal
references.
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