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The role of noncoding RNA in hepatocellular carcinoma
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Abstract: Increasing noncoding RNAs (ncRNAs) were found to show abnormal expression patterns in

various human cancers. Based on their length, ncRNAs are briefly divided into two categories. Transcripts

that are shorter than 200 nucleotides are recognized as short/small noncoding RNAs and greater than
200 nucleotides as long noncoding RNAs (IncRNAs). Short/small noncoding RNAs include microRNAs,
piRNAs, snoRNAs, and endogenous siRNAs. Numerous studies have revealed that these short/small ncRNA

play important roles in multiple biological processes and tumorigenesis. In contrast to small ncRNAs,

long noncoding RNAs are much less known concerning their functions in human cancers especially in

hepatocellular carcinoma (HCC). In this review, we highlight recent progress regarding HCC development,

tumorigenesis, metastasis, clinical implication, as well as the role in the risk of HBV infection.
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Introduction

Less than 2% the mammalian genome can code protein
what called protein coding genes and over 90% of genome
represent noncoding RNA (ncRNA) which are transcribed
but do not encode proteins (1). In general, ncRNA can
be divided into two classes based on their length, short/
small ncRNA and long ncRNA. The short ncRNA includes
transcripts such as miRNAs, transfer RNAs (tRNAs),
small interfering RNAs (siRNAs), piwi-interacting RNAs
(piRNAs) and some ribosomal RNAs. Previous studies have
revealed that these short ncRNAs play important roles in
many biological processes (2). Although comparatively less
understood in human cancers, increasing studies indicated
long ncRNAs play crucial role in regulating numerous
development and biological pathway in genome (3,4).
As the one of most common cancers worldwide, primary
hepatocellular carcinoma (HCC) is threatening many
people’s health especially in developing countries. The
major risk factors for HCC include chronic infections with
the hepatitis B or C viruses, heavy drinking, and spoilt
foodstuffs contaminated with aflatoxins (5). Among those,
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the hepatitis B virus (HBV) infection play the critical role in
the pathogenesis of HCC for its coherent distribution with
the HCC prevalence (6). The present review highlighted
the roles of MiRNAs and newly discovered IncRNAs in
HCC development, tumorigenesis, metastasis and clinical
implication.

MiRNAs and HCC
MicroRNAs (miRNAs) are small non-coding RNAs that

may regulate genes expression, either by inhibiting target
mRNA translation or inducing its degradation by pairing
with complementary sequences within the 3'-untranslated
regions (UTRs) of targeted transcripts at the post-
transcriptional and/or translational level (7-9) Alterations
of miRNA, including expression disorders and mutations,
are involved in the initiation and progression of human
cancers (10). Increasing evidence has revealed that miRNAs
are negative regulators of gene expression and can function
as tumor suppressors or oncogenes (11). Among the
deregulated miRNAs in HBV-related HCC, some are up-
regulated and others down-regulated. Consequently, these
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molecular changes favor tumor cell proliferation, invasion
and metastasis (12). MiRNA expression profiling of human
cancer has identified signatures associated with diagnosis
prognosis, staging, and response to treatment (13,14).
MiRNAs in serum or plasma called circulating miRNAs have
been considered as promising noninvasive novel biomarkers
for cancer diagnosis and prognosis (15,16). Additionally
Yang et al. (17) suggest that urinary miRNA might be
a more specific and consistent biomarker of chemical-
induced liver injury than the current serum ALT and AST.
Accumulating data revealed a subset of miRNAs deregulated
in HCC and HBV persistent infection. Out of numerous
differentially expressed miRNAs in HCC and HBV
persistent infection, miR-122, miR-221, miR-520 were
extensively studies. Studies have demonstrated the
up-regulation of miR-221/222 and down-regulation of
miR-520 and miR-122 in HCC. Liu ez 4/ (18) uncovered
that increased risk for HCC in HBV persistent carriers
due to the up-regulation of the miR-106b-25 cluster
expression. Further study showed that miR-221/222 could
enhance cell growth in vitro via targeting CDK inhibitor
p27. Conversely, these activities can be efficiently inhibited
by an antagomiR specific for miR-221 (11). Significant
down-regulation of miR-520 was detected in HCC tissues
compared with normal liver cell or adjacent noncancerous
liver tissues. By using DIANA microT v3.0 algorithm,
TargetScan and PicTar, Zhang w et a/. (19) validated that
MEKK?2 and cyclin D1 were the direct target genes of
miR-520b what can lead to abnormal cellular proliferation
or development of cancer (20). Pkm2, which is commonly
enriched expressed in human embryonic stem cell (hESCs)
and HCCs and facilitates self-renewal and proliferation,
can be suppressed by miR-122 at translation level (21).
Overexpression of miR-122 can lead to a common
deficiency in self-renewal and proliferation. Similar inverse
relationship between miR-122 and Pkm?2 is reflected in
the differentiation process of hESCs into hepatocytes.
These findings indicate that miRNA-122 possibly serves
as a modulator of self-renewal during hepatic lineage
specification. Many studies have demonstrated significant
difference of miRNA expression profiles in HCC
compared with normal or nontumor tissues. Additional
studies showed the existence of a large amount of stable
miRNAs in routinely collected, formalin-fixed paraffin-
embedded (FFPE) samples and in human serum/plasma
(22,23). Furthermore, several studies showed that there
is no significant deterioration occurring in expression
between FFPE and matched fresh-frozen tissues (24,25).
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The ability to detect miRNA profiles in FFPE tissues or
in human serum/plasma implicated a great opportunity
to perform the large retrospective analyses needed to
confirm the diagnostic and prognostic significance.
Serum AFP has been used as a conventional tumor
marker for HCC screening long time. AFP <20 ng/mL
is considered as normal and AFP >400 ng/mL
as true positive in general. The European Society for
Medical Oncology (EMSO) guidelines also recommended
that elevation of AFP >400 ng/mL can be used instead of
fine-needle cytology for diagnosis, especially in patients
with liver cirrhosis (26). Despite that, the sensitivity of
AFP is just modest (sensitivity: 39-65% and specificity:
76-94%), leaving approximate one-third of early-stage HCC
with small tumors (<3 cm) undiagnosed (27). Additionally,
serum AFP level is elevated in benign liver diseases, such
as hepatitis and cirrhosis. Thus, investigation of miRNA
expression pattern could outperform AFP in terms of
detecting early-stage HCC, AFP-negative HCC as well as
prognostic indicator. Liu e 4/. (28) investigated expression
pattern of miRNAs in resected tumor/adjacent nontumor
tissues by real-time quantitative reverse transcription-
PCR and revealed that miR-15b,miR-21,miR-130b and
miR-183 were highly expressed in both tumor and serum
samples. Remarkably, these Serum miRNAs were markedly
reduced after surgery, indicating the tumor-derived source
of these circulating miRNAs. In addition, when combined
miR-15b and miR-130b as a classifier for HCC detection,
the detection sensitivity of the classifier in a subgroup of
HCCs with low AFP (<20 ng/mL) was 96.7%. The classifier
also identified early-stage HCC that could not be detected
by AFP. These findings suggested that specific miRNAs
could be serum biomarker with clinical implication in both
early diagnosis and tumor recurrence after resection.

LncRNAs and HCC

LncRNAs, mRNA-like transcript, are longer than
200 nucleotides but cannot code protein products. Many
identified IncRNAs are transcribed by RNA polymerase 11
(RNA pol II). They can be identified through bioinformatics
prediction or a high-throughput analysis such as microarrays
and transcriptome analysis (29). Increasing studies have
indicated that IncRNAs are crucial regulators of numerous
development- and biology-related pathways in genome.
Some researchers attempted to classify IncRNAs based on
their genomic proximity to protein-coding genes, including
five types: (I) sense, (II) antisense, (III) bidirectional, (IV)
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Figure 1 Genomic organization of long noncoding RNAs (IncRNAs). Schematic diagram illustrating the complexity of the network of the

long noncoding transcript (oblique line box) that is associated with a representative gene (hollow box). The orientations of transcription

indicated by arrows. Sense, The IncRNA sequence overlaps with the sense strand of a protein-coding gene; Antisense, The IncRNA

sequence overlaps with the antisense strand of a protein-coding gene; Bidirectional, The IncRNA sequence is located on the opposite strand

from a protein-coding gene whose transcription is initiated <1,000 base pairs away; Intronic, The IncRINA sequence is derived entirely from

within an intron of another transcript. This may be either a true independent transcript or a product of pre- mRNA processing; Intergenic,

The IncRNA sequence is not located near any other protein-coding loci

intronic, and (V) intergenic (Figure 1) (30).

Many studies have indicated that IncRNA transcripts play
crucial roles in a variety of biological processes function in
Gene imprinting, cell fate specification, cell apoptosis and
cell cycle control, Chromatin modification or act as RNA
processing Enhancer and promoter associated IncRNAs,
nuclear architecture subnuclear compartments (31).
LncRNAs utilize varied mechanism in biological
processes. In general, the role of IncRNA gene expressing
regulator could be found in transcriptional level or post-
transcriptional level. Cis- and trans-regulation are two
main transcriptional regulations, under which IncRNAs
can target genomically local and distant genes respectively.
The post- transcriptional regulatory mechanism is involved
in post- transcriptional processing of mRNAs, including
splicing, editing, trafficking, translation and degradation
or function as competing endogenous RNA (ceRNA) for
shared miRNA regulating miRNA distribution on specific
targets (1).

Out of numerous IncRNAs, a few novel transcripts such
as MALAT1, HOTAIR, PRNCRI, PCTAs, H19, HULT
are frequently aberrantly expressed in a variety of human
cancers. MALAT1 is widely expressed in both normal
human and mouse tissues. It shows abnormal expression
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in numerous human carcinomas, including liver, pancreas,
colon, lung, breast, prostate and ovarian cancer (32). RNA
interference-mediated silencing of MALAT1 impairs the
migration of lung adenocarcinoma cells through regulation
of motility-associating genes via transcriptional and/or post-
transcriptional level means. Similarly, short hairpin RNA
inhibition of MALAT'1 reduces cell proliferation, and invasive
potential of a cervical cancer cell line (33). Lai er al. (32)
suggest that MALAT1 could be a novel biomarker for
predicting tumor recurrence after liver transplantation
and sever as a promising therapeutic target. Hox transcript
antisense intergenic RNA (HOTAIR) is a long ncRNA
that trimethylates histone H3 lysine-27 (H3K27me3) of
the HOXD locus with the polycomb-repressive complex
2 (PRC2), which is composed of EZH2, SUZ12, and EED,
and inhibits HOXD gene expression (34). Thus, HOTAIR
epigenetically regulates HOXD expression, located on a
different chromosome. Ishibashi er a/. (35) reported that
Patients with HOTAIR expression had significantly poorer
prognoses and a larger primary tumor size than those
without HOTAIR expression. Similar to studies in breast
and colorectal cancers, H19 is reported to be reactivated
during adult tissue regeneration and tumorigenesis.
H19 is highly expressed in liver metastasis derived from a
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range of carcinomas. The H19 gene behaves as an oncogene
and may serve as a potential new target for antitumor
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