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Summary. Hepatocellular carcinoma (HCC) is the third
most common cause of cancer-related death worldwide.
Patients with HCC generally present at an advanced
stage resulting in death within 6-20 months. Therefore,
novel treatment modalities and sensitive prognostic
markers that can decrease the mortality rate of HCC are
required. HCC is a complex and heterogeneous tumor
with multiple genetic aberrations. It has been well
described that accumulation of genetic and epigenetic
changes leads to the clonal selection of cancer cells
harboring aggressive tumor behavior. Aberrant
expression of cancer-related genes is one of the
hallmarks of cancer cells and plays a role in
hepatocarcinogenesis. Epigenetic alterations, such as the
alteration of DNA methylation and histone modification
in cancer cells, can also induce the activation and
inactivation of cancer-related genes. Studies have shed
light on the link between HCC-related genes and
molecules, and a better understanding of the mechanisms
of HCC pathogenesis could be translated into clinical
biomarker tools. Moreover, analyses of genetic and
epigenetic alterations have identified potential
biomarkers that might be targeted therapeutically. In this
review, we update the current knowledge of biomarkers
in HCC, examine recently published literature, and
introduce some representative molecules in each
category.
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Introduction

Hepatocellular carcinoma (HCC) is the most
common type of primary liver cancer representing 85%
of liver cancers (Marra et al., 2011), and ranks as the
third most common cause of cancer-related death
worldwide (Forner et al., 2012; Siegel et al., 2015).
Patients with HCC generally present at an advanced
stage due to compensated cirrhosis defined by the
absence of pathognomonic symptoms, resulting in death
within 6-20 months (El-Serag, 2012). Furthermore, the
recurrence rate after curative resection remains high at
approximately 70% (Poon et al., 2009). Therefore,
complete cure of this disease is quite challenging,
suggesting an urgent need for enhanced treatment
modalities and sensitive prognostic markers that will
dramatically decrease the mortality rate of HCC.
Chronic infection with hepatitis virus is a major risk
factor in the development of the HCC (Sukowati et al.,
2016). Oncogenic properties of these viruses are related
with their genotypic characteristics and the ability of
viral proteins to interact with host proteins, thus altering
the molecular pathway balance of cells (Sukowati et al.,
2016).

HCC is a complex and heterogeneous tumor with
multiple genetic aberrations (Marra et al., 2011). It has
been well described that the accumulation of genetic and
epigenetic changes leads to the clonal selection of cancer
cells harboring aggressive tumor behavior (Marquardt et
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al., 2015). Recently, next generation sequencing
technology and bioinformatic analysis have been widely
used to screen genetic alterations, which have helped us
identify the biomarker carcinogenesis and progression of
HCC (Li et al., 2017). Aberrant expression of cancer-
related genes is one of the hallmarks of cancer cells and
plays a role in hepatocarcinogenesis. However,
epigenetic changes, such as the alteration of DNA
methylation and histone modification in cancer cells, can
also induce the activation and inactivation of cancer-
related genes (Nishida and Kudo, 2013). Undertaking
studies that link specific molecular classes of tumors or
aberrations to therapeutic responses might translate
understanding of molecular mechanisms of HCC
pathogenesis into clinical tools.

In this article, we review the recent literature on
molecular biomarkers related to HCC initiation and
progression, which are potential diagnostic tools and
therapeutic targets. Additionally, some representative
molecules have been selected for this review based on
the following criteria: 1) high novelty, 2) data from a
large number of patients, and 3) solid data generated
from functional analysis or in vivo studies.

Oncogenes

Genetic and epigenetic alterations of oncogenes such
as point mutations, gene amplifications, changes in the
promoter region, or copy number alterations due to viral
infection or exposure to hepatotoxic stress alter the
phenotypic nature of the hepatocyte, resulting in tumor
development (Nishida and Kudo, 2016; Sia et al., 2017).
As a consequence, expression of several altered
oncogenes are contributory factors in cancer cell
proliferation, invasion, and migration. Therefore, these
oncogenes will be the novel diagnostic and prognostic
factors in HCC resected patients, and these or upstream
genes could be potential targets for unprecedented
therapy. We have summarized in Table 1 genes
upregulated in cancerous tissue or serum of HCC
patients. Findings from several studies listed in Table 1
are summarized below (Chen et al., 2015a,b; Gao et al.,
2015; Hu et al., 2015; Huang et al., 2015a-c; Hwang et
al., 2015; Ji et al., 2015; Jiao et al., 2015; Kang et al.,
2015; Lin et al., 2015; Tang et al., 2015; Xu et al., 2015;
Zhang et al., 2015a,b; Zheng et al., 2015; Cui et al.,
2016; Hou et al., 2016; Jiang et al., 2016; Liu et al.,
2016; Shimizu et al., 2016; Tian et al., 2016; Yin et al.,
2016; Wang et al., 2016; Xiao et al., 2016; Xu et al.,
2016a.,b; Zheng et al., 2017).

Ubiquitin-specific protease 22 (USP22)

USP22 is a novel human deubiquitinating enzyme.
Recent studies have demonstrated that USP22 can
inhibit the transcription of the p21 gene and might be
related to clinical prognosis in malignancies (Zhang et
al., 2008; Atanassov and Dent, 2011); however, the
clinical significance of USP22 expression in patients

with HCC has not yet been investigated. Tang et al.
found that expression levels of USP22 were significantly
higher in HCC than in normal liver tissues (Tang et al.,
2015). High USP22 expression in HCC was significantly
correlated with clinical stage and tumor grade. Kaplan-
Meier analysis showed that elevated USP22 expression
predicted poorer overall survival (OS) and recurrence-
free survival (RFS) (Tang et al., 2015). High USP22
expression was also associated with shortened survival
time in patients at advanced tumor stages and with high-
grade HCC. Multivariate analysis revealed that USP22
expression was an independent prognostic parameter in
HCC (Tang et al., 2015). These findings provide
evidence that high USP22 expression might be important
in tumor progression and serves as an independent
molecular marker for a poor HCC prognosis. Thus,
USP22 overexpression identifies patients at high risk
and represents a novel therapeutic molecular target for
this tumor.

Chromobox 6 (CBX6)

CBX6 is a member of the chromobox protein family
and it may be a reader of different, as yet undetermined,
trimethyllysine sites and may be capable of binding to
RNA (Kaustov et al., 2011; Klauke et al., 2013).
However, the role of CBX6 in HCC development and
progression has not been explored. Zheng et al.
demonstrated that CBX6 expression was increased in
HCC cells and tumor tissues, and that increased
expression was associated with poor outcomes (Zheng et
al., 2017). They found that CBX6 expression was
significantly correlated with larger tumor sizes and
multiple tumors. Patients with higher CBX6 expression
levels had significantly shorter RFS and OS, and
increased CBX6 expression was an independent
unfavorable prognostic factor in HCC patients (Zheng et
al., 2017). They also conducted in vitro and in vivo
studies with CBX-knockdown cells and demonstrated
that CBX6 profoundly promoted HCC cell growth. Their
investigation revealed that the SI00A9/NF-»B/MAPK
pathway was essential for mediating CBX6 function
(Zheng et al., 2017). They concluded that CBX6
contributes to tumor progression and may be a novel
prognostic biomarker for HCC, and a therapeutic target
in the treatment of the disease.

Neurotrophin receptor-interacting melanoma antigen-
encoding protein (NRAGE)

NRAGE is involved in the process of apoptosis
through interactions with the p75 neurotrophin receptor
and apoptosis-antagonizing transcription factor (Salehi
et al., 2000). NRAGE functions as an oncogene in
esophageal and lung cancers (Yang et al., 2014).
However, there are currently no studies concerning
NRAGE expression in HCC. Shimizu et al. aimed to
assess the clinical significance of NRAGE expression in
HCC, as well as its relevance as a novel biomarker of



Table 1. Oncogenes.

Symb_ol Biological function Specimen Detection Pt  Survival R?'?"a”t Functional analyses Interacting Invivo Reference
(location) methods clinical factors molecules
Early detection
NEU1 ) Stage, AFP, Proliferation, . R Hou et al.,
(6p21.33) Lysosomal enzyme Tissue QPCR 114 OS differentiation migration ) ) 2016
TGFB1 A member of transforming growth ) ) (O] N . R Linetal.,
(19913.2)  factor-beta, superfamily Circulaing  ELISA 91 PFS AFP Viability () ) 2015
TRIM28 - ) . . ) Wang et al.,
(1913.43) Transcription factor Tissue QPCR 116 OS Size, stage Proliferation (-) -) 2016a-c
UspP22 . ) OS Size, stage, - . . R Tang et al.,
(17p11.2) Transcription factor Tissue QPCR, IHC 168 DFS HG Viability, apoptosis (-) (-) 2015
WWP1 Regulator of protein degradation, ) OS Size, stage, Migration, invasion, . R Zhang et
(8921.3) transcription, and RNA splicing Tissue  QPCR, IHC 149 PFS HG, VI apoptosis ) ) al.,, 2015a-e
Monitoring recurrences
ATAD2 Mediator of assembly, operation, or . (O] . K : R Hwang et
(8q24.13)  disassembly of protein complexes  115U® IHC 182 ppg Size, stage, VI ) ) O al, 2015
BCORL1 . ) OS Multiplicity, T ) ] ) R Yin et al,,
(Xq26.1) Transcription factor Tissue WB 86 DFS stage, VI Migration, invasion E-cadherin  (-) 2016
CA9 ) ) OS Size, AFP, Kang et
(9p13.3) Zinc metalloenzyme Tissue IHC 838 DFS VI, HG (-) (-) (-) al., 2015
CBX6 . ) QPCR, OS Size, ) Zheng et
(22913.1) Transcription factor Tissue IHC 313 DFS  multiplicity Apoptosis, colony S100A9  Yes al., 2017
DHX33 . ) QPCR, (O] . Tian et al.,
(17p13.2) RNA helicase Tissue IHC, WB 520 DFS Size, AFP (-) (-) (-) 2016
MCAM Cell adhesive ) QPCR, OS Stage, AFP, TR . Jiang et
(1123.3) molecule Tissue o we 120 pFs i, satelite Migration, invasion I8, STAT1 Yes . "5y
NFE2L2 . ) OS Size, - . Bcl-xL, R Zhang et
(21921.3) Transcription factor Tissue IHC 65 DFS differentiation Viability, apoptosis 1MMP-9 -) al, 2015a-6
NRAGE Tumor-specific ) QPCR, Shimizu et
(Xp11.22) antigen Tissue IHC 151 DFS Age, AFP (-) AATF (-) al., 2016
Prediction of survival
ACTL6A  Chromatin remodeling Tissue QPCR, 100 OS Multtiplicity, stage, Proliferation, ox2, Yes Xiao et al.,
(3926.33) and nuclear migration WB DFS AFP, VI, HG migration, Invasion Notch1 2016
CTBP2 - ) . . . . GLI, Zheng et
(10926.13) Transcription factor Tissue IHC 100 OS Stage, VI, HG Migration, invasion SNAN Yes al., 2015
. S Proliferation, viability,
GIT1 Maintenance of cell ) OS Multiplicity, Lo T ERK, R Chenetal.,
(17q11.2) cytoskeleton Tissue  QPCR 130 prg giage, VI, HG migration, invasion, - yivipg - () T o015,
apoptosis
GNA13 Transducer in ) QPCR, OS Multiplicity, . L . 2 R Xu et al.,
(17924.1)  transmembrane signaling Tissue IHC, WB 246 DFS stage Proliferation, invasion ) ) 2016a,b
NKX6-1 Neural development and ) QPCR, OS Size, stage, . Lo . 2 R Huang et
(4921.23) pancreatic cell differentiation Tissue IHC, WB 231 DFS differentiation Proliferation, invasion ) ) al., 2015a,b
PTOV1 ) ) Stage, cirrhosis, X 2  Chenetal,
(19913.33) Metabolic enzyme Tissue IHC 215 0OS AFP, VI (-) (-) (-) 2015a.b
WASF3 Maintenance of cell ) . . . . Jietal.,
(13912.13) cytoskeleton Tissue IHC 120 OS Stage Migration, invasion -) -) 2015
Prediction of treatment response
TUNEL assay, cell .
CBXx4 Transcription factor Tissue IHC,WB 727 oS Stage, HG counting kit-8 assay, (-) -) Jiaoetal,,
(17925.3) DFS o 2015
chemoembolization
CHMP4B  Multivesicular ) Stage, Proliferation, apoptosis, . R Hu et al.,
(20g11.22) body protein Tissue  IHC,WB 93OS 1 ocis, AFP cycle, doxorubicin ) ) 2015
DLX2 Embryonic ) . . Proliferation, PCNA, Cyclin Liu et al.,
(2g931.1)  development Tissue IHC 124 OS Differentiation apoptosis, sorafenib D1, Cyclin A. ) 2016
HOXC8 - ) . - Viability, apoptosis, . R Xu et al.,
(12913.13) Transcription factor Tissue IHC,WB 86 OS Differentiation oxaliplatin Ki67 (-) 2015
Size, AFP, L :
SLC16A4  \ 1onocarboxylate transporter ~ Tissue  IHC, WB 318 OS5, TACE treatment Proliferation, AKT, HIF- , Gaoetal,
(1p13.3) DFS . migration, invasion 1a. 2015
resistance
SYF2 . . . . Proliferation, apoptosis, . R Zhang et
(1p36.11) Cell cycle regulation Tissue IHC,WB 92 OS Size, Ki-67, HG colony, doxorubicin Cyclin D1 -) al, 2015a-6
TRIM32 . ) QPCR, . Proliferation, apoptosis, . R Cuietal.,
(9933.1) Transcription factor Tissue IHC, WB 116 OS Size, HG colony, oxaliplatin (-) (-) 2016

Pt, number of patients; QPCR, quantitative real-time reverse transcription-polymerase chain reaction; IHC, immunohistochemistry; WB, western blotting;
OS, overall survival; DFS, disease-free survival; PFS, progression-free survival; stage, UICC stage; AFP. Alfa fetoprotein; HG, histological grade; VI,

vascular invasion; TACE, transcatheter arterial chemo-embolization.
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tumor progression (Shimizu et al., 2016). They
conducted quantitative polymerase chain reaction
(gPCR) and immunohistochemistry (IHC) to determine
the NRAGE expression level in 151 resected HCC
samples and adjacent noncancerous liver tissues. As a
result, higher levels of NRAGE was correlated
significantly with a shorter disease-specific survival time
and was identified as an independent prognostic factor
using multivariate analysis (Shimizu et al., 2016).
Therefore, they concluded that NRAGE mediates the
progression of HCC and may serve as a novel biomarker
of the malignant phenotype of the disease, and they
suggested that analysis of NRAGE expression may
enhance the clinical management of HCC.

Actin-like 6A (ACTL6A)

ACTLOA is a member of adenosine triphosphate-
dependent SWI/SNF-like BRG1/brm-associated factor
chromatin remodeling complexes and encodes a 53-kDa
subunit of the BAF complex in mammals (Zhao et al.,
1998). Xiao et al. found that ACTLOA plays an essential
role in metastasis and epithelial-mesenchymal transition
(EMT) of HCC (Xiao et al., 2016). An elevated level of
ACTL6A in HCC was correlated with aggressive
clinicopathological features and was an independent
poor prognostic factor for OS and disease-free survival
(DFS) in HCC patients. Ectopic expression of ACTL6A
markedly promoted HCC cells migration, invasion, as
well as EMT in vitro, and promoted tumor growth and
metastasis in a mouse xenograft model (Xiao et al.,
2016). Opposite results were observed when ACTL6A
was knocked down. Further studies indicate that
ACTL6A might manipulate sex-determining region Y
(SRY)-box 2 (SOX2) expression and then activate
Notchl signaling. They concluded that ACTL6A
promotes metastasis and EMT by SOX2/Notchl
signaling, indicating a prognostic biomarker candidate
and a potential therapeutic target for HCC (Xiao et al.,
2016).

Charged multivesicular body protein 4B (CHMP4B)

CHMP4B is thought to be one of the core
components of ESCRT-III that facilitates the budding
and scission of membrane vesicles (Wollert et al., 2009).
Hu et al. explored the prognostic significance of
CHMP4B in human HCC and its impact on the
physiology of HCC cells, and they found that CHMP4B
could be a promising prognostic biomarker as well as a
potential therapeutic target in HCC (Hu et al., 2015).
Their analysis showed that CHMP4B was significantly
upregulated in HCC tissues. They found that high
CHMP4B expression was correlated with multiple
clinicopathological variables, including AFP, cirrhosis,
AJCC stage, Ki-67 expression, and poor prognosis.
More importantly, CHMP4B served as an independent
prognostic factor for survival in HCC patients (Hu et al.,

2015). Using HCC cell cultures, they showed that the
expression of CHMP4B was progressively upregulated
after cells were released from serum starvation. Flow
cytometry and CCK-8 assays indicated that interference
of CHMP4B led to cell cycle arrest and proliferative
impairment of HCC cells. Additionally, depletion of
CHMP4B expression could increase the sensitivity of
HepG2 and Huh7 cells to doxorubicin (Hu et al., 2015).

Tumor suppressor genes

A few signaling pathways are important for
occurrence and growth of HCC and these pathways are
negatively suppressed by tumor suppressor genes
(Inokawa et al., 2016). Tumor suppressor genes are
down regulated by mutations, loss of chromosomal
regions, or promoter methylation (Martin, 2008). Thus,
downregulation of tumor suppressor genes may be
diagnostic and prognostic markers in HCC patients.
Here in Table 2 we list recently reported tumor
suppressor genes regulated by mechanisms other than
promoter hypermethylation and summarize some of the
key findings from some of these studies (Hirata et al.,
2015; Jiang et al., 2015; Kanda et al., 2015; Liu et al.,
2015a,b; Shi et al., 2015; Wan et al., 2015; Wang et al.,
2015a-c; Zhang et al., 2015a-e; Shi et al., 2016; Song et
al., 2016).

B cell translocation gene 1 (BTG1)

BTG1 was originally identified as a translocation
partner of the cMyc gene in a patient with B cell chronic
lymphocytic leukemia (Cho et al., 2004). Experiments
showed that BTG1 is a Bcl2-regulated mediator of
apoptosis and that it negatively regulates cell
proliferation in breast and ovarian cancer. However, the
role of BTG1 in gastroenterological malignancies
including HCC remains unclear. We have identified
several HCC-related genes using expression and
epigenetic analyses (Kanda et al., 2015). From the
exhaustive expression analysis obtained via our
microarray data, BTG1 was identified as a candidate
tumor suppressor gene in HCC. Decreased expression of
BTG1 mRNA was confirmed in a majority of HCC cell
lines (89%) and clinical HCC tissues (85%) compared
with noncancerous liver tissues. Mutations or promoter
hypermethylation were not identified in HCC cell lines.
BTG1 mRNA expression levels were not influenced by
background liver status (Kanda et al., 2015).
Downregulation of BTGl mRNA in HCC was
significantly associated with shorter disease-specific and
RFS rates. Multivariate analysis of disease-specific
survival rates identified BTG1 mRNA downregulation as
an independent prognostic factor in HCC (Kanda et al.,
2015). Our results indicate that altered BTG1 expression
might affect hepatocarcinogenesis and may represent a
novel biomarker in HCC carcinogenesis and
progression.
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Forkhead box family 2 (FOXF2)

FOXF2 is a member of the FOX family of
transcription factors. FOXF2 plays a key role in several
tumors but its expression and role in HCC remains
unknown (Nik et al., 2013). Shi et al. surveyed the
expression levels of FOXF2 using IHC, western blots,
and real-time PCR (Shi et al., 2016). They analyzed
FOXF2 expression in 295 clinicopathologically
characterized HCC cases. Using RNA interference, they
investigated the effects of FOXF2 depletion on tumor
cell behavior in vitro. FOXF2 downregulation was
observed in HCC tissues compared with peritumorous
tissues, and its expression levels were closely correlated
with OS and RFS in patients with HCC. RNAi-mediated
silencing of the FOXF2 gene in the MHCC-97H cell line
significantly promoted proliferation and was anti-
apoptotic (Shi et al., 2016). They concluded that their
results indicated that FOXF2 may serve as a prognostic
biomarker in HCC and might be a promising target in
the treatment of patients with HCC.

Table 2. Tumor suppressor genes.

CYP3A5

CYP3AS5 is a cytochrome P450 protein that
functions in the liver metabolism of many carcinogens
and cancer drugs (Windmill et al., 1997; Zhou, 2008).
However, it has not been thought to directly affect
cancer progression. Jiang et al. performed a perspective
study and demonstrated that CYP3AS5 was
downregulated in multiple cohorts of human HCC
examined (Jiang et al., 2015). Lower CYP3AS5 levels
were associated with more aggressive vascular invasion,
poor differentiation, shorter time to disease recurrence
after treatment, and worse OS. Mechanistic
investigations showed that CYP3AS5 overexpression
limited MMP2/9 function and suppressed HCC
migration and invasion in vitro and in vivo by inhibiting
AKT signaling. Notably, AKT phosphorylation at
Serd73 was inhibited in CYP3AS5-overexpressing HCC
cells, an event requiring mTORC2 but not rictor-mTOR
complex formation (Jiang et al., 2015). CYP3AS5-
induced ROS accumulation was found to be a critical

Symbol Biological . Detection . Relevant . Interacting .

) ; Specimen Pt  Survival " Functional analyses Invivo Reference
(location)  function methods clinical factors molecules
Early detection
BTG1 B-cell . QPCR, Size, stage, PIVKA2, differen- 2 . Kanda et
(12q21.33) differentiation "¢ jwc 11 DFS aton, Vi, serosainfiltraon ) PIvkA2 0 4, 2015
DACH1 Transcription . IHC, - Viability, migration, GSKB3B, B- . Liu et al.,
(13921.33) factor Tissue WB 95 OS  Stage, Ki-67, HG invasion, colony catenin ) 2015a,b
Monitoring recurrences
BARX2 Cell adhesive . QPCR, ) . . R . Zhang et
(11g24.3) molecule Tissue IHC, WB 231 OS Stage, differentiation (-) (-) (-) al, 2015a-e
CX3CR1 Chemokine . QPCR, oS A . . ) . : Shi et al.,
(3p22.2) receptor Tissue IHC, WB 240 DFS Differentiation, VI Migration, invasion CCR7 Y 2015
FOXF2 Transcription . oS . . . Proliferation, R . Shi et al.,
(6p25.3)  factor Tissue IHC 295 DFS Size, ifferentiation, HG apoptosis (-) (-) 2016
OTUD7B Metabolic . OS Size, stage, . g ., Wangetal,
(1921.2)  enzyme Tissue IHC 230 DFS satellite nodule, VI ) MMP-9 ) 2015a,b
Prediction of survival
CYP3A5  Metabolic ) oS T . Jiang et
(7q22.1)  enzyme Tissue IHC 159 DFS (-) Migration, invasion mTORC2/Akt  Yes al., 2015
DLC1 Rho GTPase . Stage, differentiation, . Rho A, ROCK2, . Song et
(8p22)  actvatingprotein  1's5U€  HC 80 OS G emination ) moesin O a1, 2016
PRRX1 Transcription co- . . Proliferation, colony, CD13, CD133, . Hirata et
(1g24.2)  activator Tissue  QPCR 62 0S () sphere, irradiation EpCAM O 4, 2015
TPD52 DNA repair and Tissue QPCR, 154 OS Stage ) P21, P53, BCL2, ) Wang et al.,
(8921.13)  vesicle trafficking IHC, WB DFS 9 P-GSK-33 2016a,b
TRIM26 DNA-binding . QPCR, OS Proliferation, migration, R ., Wangetal,
(6p22.1)  protein Tissue IHC 242 DFS Stage, AFP invasion, colony ) ) 2015a,b

Pt, number of patients; QPCR, quantitative real-time reverse transcription-polymerase chain reaction; IHC, immunohistochemistry; WB, western blotting;
OS, overall survival; DFS, disease-free survival; stage, UICC stage; PIVKA2, protein induced by vitamin K absence 2; VI, vascular invasion; HG,

histological grade; AFP, Alfa fetoprotein.
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upstream regulator of mMTORC?2 activity, consistent with
evidence of reduced GSH redox activity in most clinical
HCC specimens with reduced metastatic capacity (Jiang
et al., 2015). They concluded that their results defined
CYP3AS5 as a suppressor of HCC pathogenesis and
metastasis with potential utility as a prognostic
biomarker in HCC.

Hypermethylation of tumor supressor genes

DNA methylation is the earliest discovery of
epigenetic regulation of gene expression (Gibbs et al.,
2010). Hypermethylation of CpG islands is generally
associated with tumor suppressor gene silencing under
premalignant conditions, such as chronic hepatitis or
liver cirrhosis (Lee et al., 2014). DNA demethylation is a
key regulator not only in tumor progression, but also in
tumorigenesis of HCC from premalignant conditions,
such as chronic hepatitis or liver cirrhosis (Lee et al.,
2017). Therefore, detecting hypermethylation may
predict the occurrence of HCC in patients with the
premalignant conditions described above. In Table 3, we
have also included candidate methylated tumor
suppressor genes in HCC (Ezaka et al., 2015; He et al.,
2015; Oya et al., 2015; Ding et al., 2016; Wang et al.,
2016a-c).

Forkhead box D3 (FOXD3)

FOXD3, which belongs to the forkhead family of
transcription factors, was originally identified in
embryonic stem cells (Pan and Thomson, 2007). Recent
studies showed that FOXD3 is a regulator in tumor
progression (Schmid and Muller, 2013). Aberrant

Table 3. Hypermethylation of tumor suppressor genes.

epigenetic regulation of the FOXD3 promoter, such as
DNA hypermethylation, is observed in several human
cancers. A recent study reported that FOXD3 might be
negatively correlated with AKT2 in HCC tissues.
However, the function and mechanism of action of
FOXD3 in hepatocarcinogenesis and progression still
require further investigation. He et al. found that FOXD3
was decreased in HCC tissues and correlated with
differentiation, AFP, and poor survival in HCC patients
(He et al., 2015). Downregulation of FOXD3 in HCC
tissues was mainly due to promoter hypermethylation. In
vitro and in vivo functional results showed that ectopic
FOXD3 inhibited proliferation, migration, EMT, and
invasion in HepG2 and SMMC-7721 cells, while
FOXD3 depletion in HepG2 and QGY-7701 cells had
opposite effects. Moreover, FOXD3 was sufficient to
suppress tumor growth and pulmonary metastatic
potential in mice. Their findings suggest that
downregulation of FOXD3, due to promoter
hypermethylation, plays an important role in the
progression of HCC and may be a promising prognostic
biomarker in HCC patients (He et al., 2015).

Adherens junctions associated protein 1 (AJAP1)

AJAP1 is a component of adherens junctions, which
colocalizes with and apparently integrates into E-
cadherin-mediated adherens junctions (Lin et al., 2012).
Ezaka et al. focused on AJAP1 as a candidate novel
HCC-related gene (Ezaka et al., 2015). Their previous
microarray study revealed that AJAP1 expression was
reduced in HCCs compared with corresponding
noncancerous liver tissues. They conducted this study to
investigate the expression and regulatory mechanisms of

Symbol Detection

Interactin, .
9 Invivo Reference

: Biological function ~ Specimen Pt  Survival Relevant clinical factors Functional analyses
(location) methods molecules
Early detection
FOXD3  Transcription ) QPCR, IHC, . Proliferation, migration, 2 He et al.,
(1p31.3) factor Tissue WB, MSP 19 0S  Size invasion, colony ) Yes 2015
Monitoring recurrence
AJAP1 Cell adhesion ) QPCR, IHC, (O] . ) . . Ezaka et
(1p36.32) molecule Tissue MSP 144 ppg  Size, PIVKA-I ) SRC O 4 2015
DPYSL3 Cell adhesion ) AFP, PIVKA-II, capsule, Proliferation, VEGF, . Oyaetal.,
(5q32)  molecule Tissue  QPCR,IHC 151 DFS ool infiltration migration, invasion  FAK ) 2015
Prediction of survival
PDCD4 Transcription ) QPCR, Bisulfite . . 2 2 . Ding et
(10g25.2) factor Tissue sequencing 56 OS  Differentiation ) ) ) al.,, 2016
RASSF10 Regulator of Tissue QPCR, IHC, 48 OS  Stage, cirrhosis, differen- Proliferation, migration, ) Yes Wang et
(11p15.3) vesicular trafficking MSP DFS ftiation, tumor thrombus invasion, colony al., 2016a-c

Pt, number of patients; QPCR, quantitative real-time reverse transcription-polymerase chain reaction; IHC, immunohistochemistry; WB, western blotting;
MSP, methylation specific polymerase chain reaction; OS, overall survival; DFS, disease-free survival; stage, UICC stage; AFP. Alfa fetoprotein;

PIVKA2, protein induced by vitamin K absence 2.
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AJAP1 to establish whether AJAP1 might serve as novel
biomarker for progression and recurrence of HCC.
AJAP1 expression was reactivated after demethylation
of its promoter. AJAPI mRNA levels correlated
inversely with those of SRC in HCC cell lines and
tissues, and AJAP1 mRNA levels were suppressed in
HCC tissues. Low levels of AJAP1 mRNA in patients
were associated significantly with elevated levels of
markers, larger tumor size, serosal infiltration, vascular
invasion, hypermethylation of the AJAP1 promoter, and
copy number loss at the AJAP1 locus (Ezaka et al.,
2015). Multivariate analysis identified low AJAP1
expression as an independent factor for predicting DFS.
They concluded that AJAPI is a key molecule associated
with recurrence of HCC and that hypermethylation of
the AJAP1 promoter is a key regulatory mechanism
controlling AJAP1 expression (Ezaka et al., 2015).

RAS-association domain family 10 (RASSF10)

RASSF10 gene is a candidate tumor suppressor gene
and the most recently discovered member of the RASSF
family (Richter et al., 2009). Hypermethylation of the
RASSF10 promoter region results in inactivation of the
gene in several cancers (Li et al., 2014). RASSF10
activates the P53 signaling pathway and inhibits the
Whnt/p-catenin signaling pathway, two major signaling
cascades involved in HCC initiation and progression.
RASSF10 overexpression also potentiates docetaxel-
induced tumor cell apoptosis (Huang et al., 2015c).
However, understanding of the function of RASSF10 in
cancer is incomplete, and its role in hepatocarcino-
genesis is unknown. Wang et al. examined RASSF10
expression in HCC and its role in hepatocarcinogenesis
(Wang et al., 2016a). They found that hypermethylation
of the RASSF10 promoter region downregulated its
expression in HCC, and that RASSF10 expression was
an independent prognostic factor for patient survival and
tumor recurrence (Wang et al., 2016a). RASSFI10
hypermethylation was associated with polycyclic
aromatic hydrocarbon and aflatoxin B1 exposure in
HCC tissues, and RASSF10 overexpression suppressed
the growth of HCC in vitro and in vivo. These results
indicate that RASSF10 is a potential therapeutic target
and may be a useful biomarker in HCC prognosis (Wang
et al., 2016a-c).

MicroRNA

MicroRNAs (miRNAs) are short noncoding RNAs,
about 22 nucleotides long, that have been found to
suppress oncogenes and/or tumor suppressor genes in
HCC (Shen et al., 2016; Xu et al., 2016a,b). Therefore,
miRNAs are as important as tumor suppressors or
oncogenes in cancer. In addition, the expression level of
miRNAs is unique in HBV and HCV infections, and it is
associated with liver disease progression. Hence,
miRNA expression levels in HCC can predict not only

the prognosis in HCC patients but also the probability of
HCC occurrence in viral hepatitis patients (Murakami
and Kawada, 2017). MiRNAs are also expected to be
potential novel therapeutic targets in HCC (Huan et al.,
2016). In Table 4 we summarize miRNAs that have been
recently published and that are associated with HCC
progression or suppression. Some of these miRNAs are
presented below regarding function and relation to
prognosis (Yao et al., 2015; Yu et al., 2015; Wang et al.,
2015a-c; Zhuang et al., 2015; Zhang et al., 2015a-e;
Huang et al., 2015a,b; Zhao et al., 2015; Feng et al.,
2015; Song et al., 2015; Li et al., 2015b; Wu et al.,
2016).

MIR150

Studies have demonstrated that miR-150 is
predictive of a favorable prognosis in patients with
epithelial ovarian cancer, and that it inhibits cell invasion
and metastasis by suppressing the transcriptional
repressor ZEB1 (Jin et al., 2014). Yu et al. previously
reported that overexpression of miR-150 contributed to
the suppression of activated hepatic stellate cells (Yu et
al., 2015). They evaluated whether serum miR-150 could
serve as a new biomarker for the diagnosis and
prognosis of HBV-related HCC in patients. Serum miR-
150 levels were significantly reduced in HCC patients
compared with healthy controls and chronic hepatitis B
patients. Serum miR-150 levels were increased after
surgery and decreased after tumor recurrence. Receiver
operating characteristic curve analysis suggested that
serum miR-150 had significant diagnostic value in HBV-
related HCC (Yu et al., 2015). Moreover, Kaplan-Meier
curve analysis revealed that HCC patients with lower
serum miR-150 had a significantly shortened OS.
Multivariable analysis indicated that the serum miR-150
level was an independent risk factor for OS. They
concluded that serum miR-150 can serve as a
noninvasive biomarker in the diagnosis and prognosis of
HCC patients (Yu et al., 2015).

MIR451

Previously, Wang et al. have shown that miR-451
upregulation inhibits growth and induces apoptosis in
non-small cell lung cancer cells (Wang et al., 2011).
However, the clinicopathological and prognostic value
of miR-451 and its role in EMT and metastasis of HCC
cells remains largely unclear. They showed that reduced
miR-451 levels in HCC tissues was observed to be
significantly correlated with advanced clinical stage,
metastasis, and worse DFS or OS (Huang et al., 2015a).
Importantly, miR-451 could inhibit migration and
invasion in vitro, as well as in vivo metastasis of HCC
cells through regulating the EMT process. Moreover, the
oncogene c-Myc was identified as a direct and functional
target of miR-451 in HCC cells. Furthermore, miR-451
downregulation-induced c-Myc overexpression led to
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the activation of Erk1/2 signaling, which induced
acquisition of the EMT phenotype (Huang et al., 2015a).
Collectively, these data demonstrate that miR-451 is a
novel prognostic biomarker in HCC patients that
functions as a potential metastasis inhibitor in HCC cells
through activation of the Erk1/2 signaling, at least
partially by targeting c-Myc (Huang et al., 2015a). Thus,
targeting the miR-451/c-Myc/Erk1/2 axis may be a
potential strategy for the treatment of metastatic HCC.

MiR137

Wu et al. demonstrated that HEY2 expression was
inhibited by miR-137 (Wu et al., 2016). HEY?2 exerts
biological effects on mammalian organ development.
Overexpression of HEY?2 has been reported in prostate
cancer (Tradonsky et al., 2012) and pancreatic ductal
adenocarcinomas (Cavard et al., 2009). hemangiomas.
However, the role of HEY?2 and its clinical significance
in HCC remains elusive. They investigated the
expression of HEY2 in HCC at both mRNA and protein
levels. High HEY?2 expression was correlated with tumor

Table 4. MicroRNAs.

multiplicity, tumor differentiation, and TNM stage.
HEY?2 expression was significantly associated with poor
OS and DFS in a training cohort of 361 patients with
HCC (Wu et al., 2016). The prognostic implication of
HEY2 was validated in another cohort of 169 HCC
patients. Multivariate analysis indicated that HEY2 was
an independent factor of OS in HCC. In clinical samples,
HEY?2 expression was inversely associated with miR-
137 expression. Furthermore, overexpression of HEY2
increased cell viability, colony formation, and cell
migration, whereas knockdown of HEY? resulted in the
opposite phenotype (Wu et al., 2016). Collectively, their
data suggest that HEY?2 is a promising biomarker for
unfavorable outcomes and a novel therapeutic target for
the clinical management of HCC.

Long non-coding RNAs

Long non-coding RNAs (IncRNAs) are non-coding
RNAs which are >200 nucleotides in length and play a
vital role in the regulation of gene expression through
diverse mechanisms (Zhang and Zhu, 2014). Recently,

Symbol (location)  Specimen Detection Pt Survival Relevant clinical Functional analyses Interacting In vivo Reference
methods factors molecules

Early detection

MIR21 Tissue QPCR, 97 0s Hepatitis B, stage, ) PDCD4, ) Wang et al.,

(17923.1) Circulating IHC, ELISA differentiation, VI PTEN 2015a-c

MIR128-2 (3p22.3)  Circulating QPCR 182 oS AFP (-) (-) (-) Zhuang et al., 2015

MIR150 (199q13.33)  Circulating QPCR 350 (O] Stage (-) (-) -) Yu et al., 2015

Monitoring recurrence

MIR146a . R Proliferation, migration, HAb18G, Zhang et al.,

(5933.3) Tissue QPCR, IHC 53 DFS ) invasion, apoptosis, cycle VEGF Yes 2015a-e

MIR424 (Xg26.3) Circulating QPCR 95 OS, DFS Stage, AFP, VI (-) (-) (-) Yao et al., 2015

MIR451 (17911.2) Tissue QPCR 88 OSDFS Stage, VI, HG Migration, invasion, colony c-Myc Yes Huangetal., 2015a,b

Prediction of survival

MIR-128-2 (3p22.3) Circulating QPCR 182 (055} AFP (-) (-) (-)  Zhuang et al., 2015

MIR137 (1p21.3)  Tissue QPCR 351 OSDFS Multiplicty, o trans-wellassay ~ HEY2  Yes Wu et al., 2016

differentiation

MIR194 (1g41) Tissue QPCR 56 OSDFS Stage, HG Viability, apoptosis, cycle =~ MAP4K4 Yes Zhao et al., 2015

MIR200a ) R Viability, migration, .

(1p36.33) Tissue QPCR 115 OS DFS (-) invasion, colony MACCI (-) Feng et al., 2015

MIR-622 ) Hepatitis B, Proliferation, JNK, NF-kB,

(13g31.3) Tissue QPCR . 0s cirrhosis, VI apoptosis, colony MAP4K4 Yes Song et al., 2015

Prediction of treatment response

MIR34a-p ) In situ R Proliferation, apoptosis, . .

(1p36.22) Tissue hybridization 114 0OS ) cisplatin AXL ) Liet al., 2015a,b

Pt, number of patients; QPCR, quantitative real-time reverse transcription-polymerase chain reaction; IHC, immunohistochemistry; ELISA, Enzyme-
Linked Immuno-Sorbent Assay; OS, overall survival; DFS, disease-free survival; UICC stage; VI, vascular invasion; AFP. Alfa fetoprotein; HG,

histological grade.
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many studies revealed that IncRNAs play a crucial role
in various biological processes in HCC, such as
initiation, progression, metastasis, treatment, and
prognosis (Liu et al., 2015a,b). In Table 5, we have listed
the IncRNAs that are related to HCC progression and
prognosis, and summarized them below (Li et al.,
2015a,b; Guo et al., 2015, 2016; Hua et al., 2015; Peng
and Fan, 2015; Huang et al., 2016; Li et al., 2016a,b).

ZEB1-AS1

ZEBI1 has the consistent inverse correlation with E-
cadherin across various types of cancers (Valenta et al.,
2012). ZEBI1 not only suppresses the expression of E-
cadherin but also activates mesenchymal genes in the
EMT process (Wellner et al., 2009). However, factors
that regulate ZEB1 expression are poorly defined. The
effects of a specific differentially expressed IncRNA
(termed ZEB1-AS1) on tumor progression were
investigated in vitro and in vivo. Li et al. found that
ZEB1-AS1 was frequently upregulated in HCC samples,
especially in metastatic tumor tissues (Li et al., 2016b).
DNA methylation analysis showed tumor-specific
ZEB1-AS1 promoter hypomethylation. Aberrant
methylation is tightly correlated with overexpression of
ZEB1-AS1 in HCC. Patients with ZEB1-ASI
hypomethylation or with high ZEB1-AS1 expression
have poor RFS. Functionally, ZEB1-AS1 promotes
tumor growth and metastasis, and acts as an oncogene in
HCC. ZEBI1 inhibition partially abrogates ZEB1-AS1-
induced EMT and cancer metastasis (Li et al., 2016a.b).

Table 5. Long non-coding RNAs.

Their results provide novel insights into the function of
IncRNA-driven hepatocarcinogenesis, highlight the
important role of ZEB1-AS1 in HCC progression, and
indicate that ZEB1-AS1 might serve as a valuable
prognostic biomarker in HCC.

ANRIL

A recently identified IncRNA, named CDKN2B
antisense RNA 1 (ANRIL), is transcribed in the opposite
direction from the INK4B-ARF-INK4A gene cluster
(Yap et al., 2010). Zhang et al. found that ANRIL was
upregulated in gastric cancer tissues and was associated
with a poor prognosis (Zhang et al., 2014). However, the
prognostic role and underlying mechanism of ANRIL in
HCC is still unknown. Hua et al. explored ANRIL
expression patterns and its correlation with
clinicopathological features in HCC (Hua et al., 2015).
ANRIL expression in HCC tissues was significantly
higher than in adjacent nontumor tissues. Expression of
ANRIL was remarkably associated with histologic grade
and TNM stage in HCC patients. In addition, HCC
patients with higher ANRIL expression had significantly
poorer OS. Multivariate analysis suggested that high
ANRIL expression was an independent predictor of poor
prognosis. Moreover, in vitro assays revealed that
decreased expression of ANRIL could suppress cell
proliferation, migration, and invasion of HCC cells.
They concluded that their results suggest that ANRIL
may serve as an efficient clinical biomarker and as a
therapeutic target in HCC patients.

Symblol Specimen Detection Pt Survival Relevant clinical factors Functional Interacting In vivo Reference
(location) methods analyses molecules
Early detection
ZFAS1 ) . MIR-150, MMP14, Lietal,
(20q13.13) Tissue QPCR 113 OS DFS Vi Invasion MMP16. Yes 2015a.b
ZEB1-AS1 ) Proliferation, Lietal.,
(10p11.22) Tissue QPCR, MSP 120 OS DFS Vi migration, invasion ZEB1 Yes 2016ab
Monitoring recurrence
ICAM-1 (19p13.2)  Tissue QPCR 617 OS, DFS (-) (-) (-) () Guoetal, 2016
NEAT1 ) . Stage, multiplicity, VI, portal vein . MDTH, NM23, R Guo et al.,
(11g13.1) Tissue QPCR 95 () embolus, capsular infiltration ) MALAT1 ) 2015
Prediction of survival
) Proliferation, Hua et al.,
ANRIL (9p21.3)  Tissue QPCR 130 (O] Stage, HG migration, invasion (-) (-) 2015
DGCR5 Tissue Huang et al.,
(22q11.21) Circulating QPCR 120 08 vi ) ) ) 2016
) QPCR, In situ . . Proliferation, ) . Lietal.,
GAS5 (1g25.1) Tissue hybridization 50 (OF] Differentiation invasion Vimentin (-) 2016a.b
PANDAR ) Stage, cirrhosis, AFP, . . Peng and Fan,
(6p21.2) Tissue QPCR 482 OS DFS multiplicity, VI Proliferation (-) (-) 2015

Pt, number of patients; QPCR, quantitative real-time reverse transcription-polymerase chain reaction; MSP, methylation specific polymerase chain
reaction; IHC, immunohistochemistry; WB, western blotting; OS, overall survival; DFS, disease-free survival; UICC stage; AFP. Alfa fetoprotein, HG,

histological grade; VI, vascular invasion.
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Conclusion

We reviewed emerging evidence on molecular
biomarkers of HCC according to the following
categories; oncogenes, tumor suppressor genes,
methylated tumor suppressor genes, miRNAs, and
IncRNAs. The investigation of biomarker combinations
might provide more accurate and valuable information
for the future personal HCC diagnosis and/or prognosis.
Although, we are still a long way from reaching our
goal, the accumulation of knowledge on genetic and
epigenetic factors is of key importance in making
breakthroughs in the management of patients with HCC.
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