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Abstract
Hepatocellular carcinoma (HCC) is a common malignancy that affects a large number of patients
worldwide, with an increasing incidence in the United States and Europe. The therapies that are
currently available for patients with inoperable HCC have limited benefits. Although molecular
targeted therapies against selected cell signaling pathways have shown some promising results,
their impact has been minimal. There is a need to identify and explore other targets for the
development of novel therapeutics. Several non-protein coding RNAs (ncRNA) have recently
been implicated in hepatocarcinogenesis and tumor progression. These ncRNA genes represent
promising targets for cancer. However, therapeutic targeting of ncRNA genes has not been
employed for HCC. The use of antisense oligonucleotides and viral vector delivery approaches has
been shown to be feasible approaches to modulate ncRNA expression. HCC is an optimal cancer
to evaluate novel RNA based therapeutic approaches because of the potential of effective delivery
and uptake of therapeutic agents to the liver. In this review, we discuss selected ncRNA that could
function as potential targets in HCC treatment and outline approaches to target ncRNA expression.
Future challenges include the need to achieve site-specific targeting with acceptable safety and
efficacy.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a deadly cancer that affects a large number of patients
worldwide, with an increasing incidence in the United States and Europe [1]. The therapies
that are currently available for patients with inoperable HCC have limited benefits. There
has been much interest in molecular targeted therapies that can target selected cell signaling
pathways and protein mediators of tumor growth and progression. One such agent,
sorafenib, has been evaluated and entered clinical practice for HCC [2]. Although such
molecular targeted therapies have shown some promising results, their impact has been
minimal. There is a need to identify and explore other targets for the development of novel
therapeutics. A number of transcribed RNA genes that do not encode for protein, non-coding
RNAs (ncRNA), have recently been implicated in hepatocarcino-genesis and tumor
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progression. As a result, these ncRNA genes represent promising targets for cancer and offer
promise of novel therapeutic approaches for liver cancers. In this review, we discuss
selected ncRNAs that can function as potential targets in HCC treatment and outline
approaches to target ncRNA expression.

ncRNAs IN HCC BIOLOGY
Over the last decade there has been growing evidence to support the existence and a
functional role of ncRNAs in human cancers [3–5]. Broadly, ncRNAs can be classified in
two classes based on their size: small RNAs of less than 200 nucleotides (nt) and long RNAs
> 200 nt. Both these groups comprise of functionally heterogeneous types of RNA.
Although several groups of ncRNAs with functional similarity have been recognized, a
distinct functional or structural basis for further classification is not available. Several
ncRNAs have been identified and characterized and their involvement in cellular physiology
or tumor biology has been elucidated. However, a large number of ncRNA transcripts
remain uncharacterized and their role in cancer biology remains undefined.

Amongst the small ncRNAs, the microRNAs (miRNA) have been the most extensively
studied. miRNAs are small ncRNAs which are approximately 22nt in length that can
modulate gene expression through mechanisms such as post-translational degradation of
mRNAs (as extensively described in [6,7]). miRNAs have been shown to be altered in
expression in HCC as well as in several other tumors [8, 9]. They have been shown to play a
remarkable role in carcinogenesis through the modulation of expression of critical genes
encoding tumor-suppressors or oncogenes. Thus, deregulated expression of miRNAs may
contribute to the formation of cancer or its progression.

Several studies have identified alterations in miRNAs in HCC, with specific miRNAs
consistently identified as either increased or decreased in HCC tissues and cell lines in
comparison to normal counterparts (Table 1). Increased expression of selected miRNAs has
been linked to alterations in critical biological processes. For example, miR-221/222 is
frequently increased in HCC and can mediate specific oncogenic effects through
mechanisms such as the suppression of the tumor suppressor gene phosphatase and tensin
homolog (PTEN) [10, 11], blocking proliferation by inhibiting the p27 and p57 checkpoint
proteins of the cell cycle [12, 13], activating the mammalian target of rapamycin pathway by
suppressing the DNA damage-inducible transcript 4 (DDIT4) [13], and promoting apoptosis
through the modulation of the B Cell lymphoma (Bcl-2) family members [14]. Similarly
miR-21, a miRNA that is deregulated in many cancers and also frequently increased in
HCC, can mediate specific effects through the inhibition of the PTEN and AKT pathway
[15]. The combinatorial effect of a single miRNA on multiple genes, or of several miRNAs
on a single gene emphasize the unique potential of these aberrantly expressed miRNAs as
therapeutic targets if their primary cellular effect contributes to tumorigenesis or tumor
behavior. Other miRNAs that are increased in HCC include miR-181, miR-106, miR-224,
etc. [13].

A reduction of some miRNAs has also been reported in HCC. Loss of miR-26 can result in
multiple cellular effects [16, 17]. Along with the over-expression of some miRNAs, the loss
of other miRNAs is responsible for the promotion of HCC. The reduction of miR-199a-3p in
HCC results in hyper-activation of the MET signaling and the extracellular-signal related
kinase pathway [18–20]. miR-122 is usually lost in HCC and induces hepatocarcinogenesis
by promoting aberrant proliferation, modulation of cell adhesion and induction of an
hepatoblastic signature [21–23]. Lack of miR-29 promotes apoptosis via a mitochondrial
pathway involving Bcl-2 and Mcl-1 [24] but can also have more general effects by acting on
the methylation machinery and repressing tumor suppressor genes [25].
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Recent evidence supports the involvement of miRNAs in the early phases of
hepatocarcinogenesis. miRNA expression profiling of non-tumorous liver was distinct from
primary HCCs, although there were no discernable differerences between primary HCC and
HCC with venous metastases [26]. Aberrant expression of miRNAs in the early phases was
confirmed by other studies that revealed aberration of selected miRNAs, such as miR-216a
and miR-100 in pre-neoplastic lesions [27, 28].

Although the involvement of long ncRNAs (size greater than 200nt) is less well established,
selected long ncRNAs have been shown to be aberrantly expressed in human HCC. The
literature regarding the functional roles of long ncRNA transcripts is sparse, and their
mechanisms of action are poorly understood. It has been postulated that they can act as
enhancers of transcription of protein-coding gene expression. Although their precise
functional effects are not established, it is likely that long ncRNAs can modulate gene
expression in HCC cells. Other postulated mechanisms by which long ncRNAs may exert
effects on gene expression is by regulation of transcription, by regulation of mRNA
dynamics at a post-transcriptional level, or mediate epigenetic changes [4, 5, 29]. Genome
wide expression profiling approach has identified individual long ncRNAs that are
abundantly expressed in HCC cell lines and tissues [30–32]. These include HULC and
TUC338. The involvement of these long ncRNAs in HCC is supported by studies showing
reduction of cellular growth when ncRNA expression is inhibited.

POTENTIAL ncRNA TARGETS IN HCC
There are several ncRNAs that are potential targets for therapeutic intervention, and of these
some promising targets are briefly discussed here as examples of the utility of this approach.

miR-26
miR-26 is an example of a miRNA with promise for developing novel ncRNA based
therapies for HCC. This miRNA has been shown to have a multitude of effects in the liver
such as modulation of hepatocyte growth and inflammatory responses that involve several
key mediators of hepatocarcinogenesis such as interleukin-6 [16, 17]. miR-26 can modulate
HCC growth by triggering the cyclin-dependent cell arrest in resting phases of the cell cycle
and can also reduce development of liver tumors in animal models [17]. Consistently,
miR-26 was found to be reduced in human HCC in comparison to adjacent normal liver
[16]. Thus, reintroduction of miR-26 may be an effective strategy to counteract the
promotion and progression of HCC. In addition, tumors with low miR-26 levels have a
poorer prognosis with a reduction in overall survival. Moreover, miR-26 expression can
predict response to adjuvant interferon suggesting a potential role for miR-26 targeted
therapies in combination regimens.

miR-221/222
Another example of miRNAs that can be further studied for therapeutic targeting are
miR-221/222. miR-221 and miR-222 belong to a cluster on chromosome X and have been
implicated in several malignancies in addition to HCC. In HCC, miR221 and miR222 were
found significantly up-regulated when compared with adjacent liver tissues, and their
expression is higher in poorly differentiated HCC [13]. For this reason miR-221/222
represents an ideal candidate for therapies aiming at miRNA silencing. As discussed above,
there are several mechanisms through which miR-221/222 can promote liver growth such as
modulation of cell cycle progression and proliferation through effects on key regulatory
molecules such as p27Kip1, and cyclin-dependent kinase inhibitor 1C p57 (CDKN1C/p57)
[12, 13, 33]. At the same time miR-221/222 can inhibit apoptosis by modulating the
expression of the pro-apototic Bcl2-modifying factor (Bmf) [14]. miR-221/222 can also
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control the survival pathways related to Akt-mTOR and thereby enhance effects on cell
survial and invasion [10, 11, 13]. In line with these in vitro data, human HCCs with high
expression of miR-221/222 are correlated with worse outcome [12, 14, 34]. Although the
effects downstream of miR-221 have been more and more elucidated, the mechanisms
responsible for the increased expression of miR-221/222 in HCC are less clear. Recent
evidence suggests that miR-221/222 are induced by MET through the activator protein 1
(AP-1) transcription factor, but further studies are warranted [10].

TUC338
TUC338 is a long ncRNA that contains a sequence which is very highly conserved across
species. TUC338 is increased in HCC compared to non-malignant hepatocytes [30].
Moreover, TUC338 expression progressively increases from normal liver to cirrhosis, a
preneoplastic state, to HCC. Thus, the expression correlates with disease progression, and
raises the possibility that it may be involved in malignant transformation. In vitro studies
showed the abilities of TUC338 to stimulate anchorage dependent and anchorage
independent growth of human and murine HCC cells. These effects are mediated by the
control of the G1/S checkpoint of the cell cycle through the inhibition of p16INK4a and the
activation of the cyclin D1/ cyclin dependent kinases (CDK) 4–6. Thus, targeting long
ncRNA such as TUC338 may be a promising strategy to modulate HCC growth.

APPROACHES TO TARGET miRNA EXPRESSION
For ncRNA such as selected miRNAs that are deregulated in expression in cancer and that
have been shown to have relevant cancer enhancing effects, a therapeutic approach would
aim to normalize their expression. For miRNAs that are decreased in expression, restoration
can be achieved by the use of miR-replacement therapies comprising of mature functional
miRNA or miRNA mimetics. Therapeutic strategies to replace miRNAs have been recently
attempted [35]. For ncRNAs such as miRNAs that are over-expressed in HCC, ncRNA
targeting strategies have focused on approaches to silence genes and inhibiting miRNA
expression by antisense approaches (Fig. 1).

Antisense Oligonucleotides (ASO)
Antisense oligonucleotides (ASO) are single-strand DNA molecules that complement target
RNA through sequence-specific base pairing. Although they were discovered more than 30
years ago [36], the only ASO therapy approved by the US Food and Drug Administration to
date is fomivirsen sodium (Vitravene, Isis, Carlsbad, CA), to target cytomegalovirus mRNA
in retinitis. The major limitation of ASO is the delivery and their poor stability.
Intravenously administered encapsulated ASOs were shown to be effectively incorporated in
the liver [37] suggesting that the promise of the use of ASOs to target diseases in the liver.
ASOs have also been developed to target miRNAs. Krutzfeldt et al. [38] designed
chemically modified, cholesterol conjugated, single-strand RNA analogues complementary
to miRNAs, termed antagomirs. The intravenous administration of antagomir-122 in mice
resulted in a marked decrease of endogeneous levels of miR-122 by inducing specific
miRNA degradation. Levels of miR-122 were undetectable for 23 days after injections.
Concomitant reduction in expression of miR-122 target genes involved in cholesterol
metabolism was accompanied with a decrease in plasma cholesterol levels for two weeks.
Experiments with other miRNAs that are expressed in several tissues outside the liver (such
as miR-16) showed that antagomirs may achieve broad distribution and have therapeutic
silencing effects in most tissues. Antagomirs were well tolerated with no side effects on
mice body weight or liver necrosis. Anti-miRNA oligonucleotides have also been proved
effective for targeting metastatic liver tumors [39]. Current clinical trials in HCC for ASO
therapy include antisense approaches to target XIAP mRNA, but no antagomirs have
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reached this phase of clinical investigation (Table 2). However, there are promising
preclinical data that have been recently reported. Park et al reported an 80–90% of reduction
of miR-221 in the liver of HCC-bearing mice treated with cholesterol-tagged anti-miR-221.
Tumor growth was stabilized and markers of proliferation inhibited. These data would
support further clinical studies on the use of anti-sense oligonucleotides targeted towards
critical HCC specific miRNA such as miR-221 [40, 41].

Locked Nuclei Acid-antimiR (LNA-antimiR)
In order to increase the stability and the specificity of antisense miRNAs, LNA-modified
oligonucleotides have been synthesized as unconjugated LNA/DNA mixmers with a
complete phosphorothioate backbone [42]. LNA-antimiRs show improved potency of
inhibition in vitro compared to ASO. In mice, intraperitoneal injections of LNA-
antimiR-122 were shown to be more efficient in antagonizing miR-122 compared to
antagomirs. Following LNA-antimiR injection miR-122 sequesters in a heteroduplex with
LNA-antimiR. Primate studies with LNA-antimiR have also been performed in African
green monkeys. Systemic administration of phosphate buffered saline-formulated LNA-
antimiR-122 resulted in dose-dependent and sustained decrease in total plasma cholesterol
for seven weeks in primates, reduced expression of miR-122, and accumulation of the LNA-
antimiR in the liver. Clearance of LNA-antimiR compound from the liver occurred after
around 3 months with decrement of effects on miRNA and target mRNA expression. No
collateral effects were noted in primates, with the exception of transient alteration of
creatinine phosphokinase, aminotransferases and bilirubin in those animals who underwent
liver biopsies [42]. miR-122 can bind to the HCV genome and act as a co-factor for the
accumulation of viral RNA in cultured liver cells [43]. LNA-antimiR-122 (SPC3649,
Santaris Pharma, Hørsholm, Denmark) has been assessed in HCV chronically infected
chimpanzees as a new anti-HCV therapy [44]. Administration of 5 mg/kg of SPC3649
resulted in reduction of HCV RNA in the serum after 3 weeks of therapy. Concomitantly
miR-122 levels in the liver were remarkably reduced up to 8 weeks after the last dose as a
result of the sequestration of miR-122 in a heteroduplex with SPC3649. Interestingly, viral
resistance to therapy did not occur and no rebound in viremia during treatment or occurrence
of adaptive mutations in the miR-122 seed sites was noted. Histological improvement was
also noted in addition to prolonged suppression of viremia. The tolerability profile was safe
and no abnormalities in liver function tests were noted. On the bases of these results phase I
trials on healthy volunteers have been conducted to delineate the safety profile of SPC3649
in humans and a phase II trial is ongoing in hepatitis C patients (Table 2).

Other Strategies for miRNA Targeting
miRNA sponges are transcripts that are expressed from strong promoters and can function as
competitive inhibitors. They contain binding sites for miRNAs either in a noncoding
transcript or in the 3’-untranslated region (UTR) of a reporter gene. They can contain sites
for one miRNA family or for a combination of miRNAs. When vectors encoding these
sponges are transiently transfected into culture cells, sponges repress miRNA targets with
effects similar to those with ASO. The use of viral vectors enabled continuous miRNA
inhibition over long duration [45]. The effects of sponges remain to be determined in vivo.
The use of short hairpin RNAs is another strategy of note. A short hairpin RNA contains a
tight hairpin turn that can silence gene expression via RNA interference. shRNA use a
vector with a U6 promoter to ensure constant expression when introduced in a cell. This
vector is usually passed on to daughter cells, allowing the gene silencing to be inherited. The
shRNA hairpin structure is cleaved by the cellular machinery into siRNA, which is then
bound to the RNA-induced silencing complex (RISC) that in turn binds to and cleaves
mRNAs which match the siRNA. The intravenous injection of a pool of shRNA-deliver
AAV vectors into mice can achieve robust shRNA expression in hepatocytes and result in
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dose-dependent liver injury and death [46]. Adenovirus-mediated delivery of shRNA has
been extensively used to target specific and selected liver genes but concerns remain about
their safety profile in humans. However, the favorable safety profile of adenovirus
associated virus (AAV) mediated delivery of shRNA anti microRNA makes this a promising
approach.

EFFECTIVE DELIVERY OF NCRNA DIRECTED THERAPIES TO THE LIVER
HCC is an optimal cancer to evaluate novel RNA based targeting approaches because of the
potential of effective delivery and uptake of therapeutic agents to the liver. The likelihood of
progress in targeting ncRNA for the treatment of liver cancer is increased by demonstrations
of the availability and feasibility of both viral and non-viral systems for effective delivery of
ncRNA targeting molecules to the liver [47].

Viral Delivery Methods
Gene-therapy vectors based on delivery of a miRNA or miRNA-mimetic by AAV appears
promising. Kota et al. [17] proposed an AAV-based miRNA delivery in which miR-26a is
delivered to the liver of mice with MYC-induced HCC to replace this miRNA which is
usually reduced in HCC. A single tail vein injection of scAAV8.miR-26a resulted in high
miR-26a expression level in the liver after 3 weeks with no signs of hepatotoxicity or
modulation of other miRNA pathways. Moreover, cAAV8.miR-26a protected mice from
developing liver tumors by reducing proliferative potential and inducing apoptotic activation
in hepatocytes. The advantage of this technique is that miRNAs delivered in viral vectors are
continually transcribed and allows sustained high level of expression in target tissues. The
use of tissue-specific promoters could restrict this expression to selected cell types. AAV-
based gene therapy has been extensively studied, and several clinical studies are now
ongoing in cancer patients. However no AAV gene therapy protocols are under investigation
in HCC, neither AAV-miRNA delivery in humans.

Unwanted immune responses are a major concern with gene therapy. Antigen presentation
by professional antigen-presenting cells (APCs) results in the induction of a cellular immune
response. To prevent immune-mediated clearance of transduced cells, Annoni et al. [48]
recently developed an interesting strategy to avoid expression of a gene-encoded construct
in APCs. They incorporated sequences for the APC-specific microRNA miR-142 into an
antigen-encoding transgene, so that the expression of miR-142 in APC resulted in
suppression of the transgene selectively in the APC. This approach has been extended to the
liver, given that the liver is known to be a site of tolerance induction, particularly in the
context of organ transplantation. Thus, miR-122 has been used to de-target the expression of
a transgene from hepatocytes [48].

Non-viral Delivery Methods
Liposomal or nanoparticle delivery systems are being evaluated for delivery of synthetic
anti-ncRNA therapies. One approach involves the use of stable nucleic-acid lipid particles
incorporated with poly ethylene glycol polymer chains [49]. The delivery of siRNAs by this
system to the livers of non-human primates showed increased efficacy but reduced toxicity
[45]. Another approach has been the use of ligands such as N-acetylgalactosamine,
galactose, apolipoprotein or alpha-tocopherol that bind to cell surface receptors expressed on
hepatocytes and can thereby to achieve targeting to the liver [50–54]. These delivery
approaches enable the delivery of ncRNA therapeutics such as anti-miRNA to liver cells.
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CHALLENGES
Despite the considerable promise of ncRNAs as therapeutic targets, there are several
challenges that will need to be addressed prior to the therapeutic application of these
approaches. First, the safety of the approach will need to be established with certainty.
Therapeutic agents comprised of double stranded RNA, or the use of viral delivery systems
may potentially lead to activation of innate immune responses. Targeting ncRNAs that are
involved in regulation of gene expression may result in un-expected off target gene effects.
Modulation of miRNA expression and competition with endogeneous miRNAs may have
potential effects on normal cellular physiology. As an example, saturation of exportin 5, a
miRNA nucleus membrane transporter has been hypothesized to result in adverse effects
within the liver [46]. Next, the effectiveness of approaches to target ncRNAs to stop or
reduce tumor growth and spread, as well as improve survival in HCC will need to be
demonstrated to establish therapeutic benefit in HCC. These issues will need to be
systematically evaluated in preclinical studies but are neither insurmountable nor dissimilar
to safety and effectiveness considerations for other molecular targeted therapies in
development.

CONCLUSIONS
HCC is a major health problem worldwide, and moreover, the incidence is increasing in
many regions such as the United States. The need for effective therapies is unmet, despite
major advances in defining the molecular pathogenesis and identifying new approaches to
treatment. An approach to systematically evaluate new molecular targets such as ncRNA is
justified by this need. Several potential target ncRNA exist and the feasibility of effective
targeting has been shown in several preclinical studies. It is hoped that these efforts will
ultimately result in novel approaches to the therapy of liver cancer.
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ABBREVIATIONS

AAV Adeno-associated Virus

AP-1 Aactivator protein 1

APCs Antigen-presenting cells

ASO Antisense oligonucleotides

Bcl-2 B cell lymphoma

Bmf Bcl2-modifying Factor

CDK Cyclin dependent Kinase

CDKN1C/p57 Cyclin-dependent kinase inhibitor 1C p57

DDIT4 DNA damage-inducible transcript 4

DNA Deoxyribonucleic acid

HCC Hepatocellular carcinoma

LNA Locked nucleic acid

miRNA, miR microRNA

Braconi and Patel Page 7

Curr Cancer Drug Targets. Author manuscript; available in PMC 2014 February 06.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



mTOR Mammalianc target of rapamycin

PTEN Phosphatase and tensin homolog

RISC RNA-induced silencing complex

RNA Ribonucleic acid

shRNA Short hairpin RNA

UCR Ultraconserved region

ucRNA Ultraconserved non coding RNA

UTR Untranslated Region
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Fig. (1).
Therapeutic approaches to target non coding RNAs. For ncRNA that are increased in
expression in HCC, such as miR-221/222, miR-21, or TUC-338, therapeutic strategies to
reduce their expression are considered. AntagomiRs are chemically modified, cholesterol
conjugated, single strand RNA analogues complementary to selected miRNAs (or other
ncRNAs). The stability and specificity of antisense miRNA could be increased by
conjugation to locked nucleic acid (LNA). Several antisense oligonucleotides could
potentially be combined in the so-called sponges. For ncRNA that are decreased in
expression in HCC such as miR-26, potential replacement strategies using adenovirus-
associated virus may be feasible.
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Table 1

Examples of non-coding RNAs that are aberrantly expressed in HCC.

UP
Regulated

DOWN
Regulated

microRNAs

miR-221/222 miR-199a

miR-21 miR-26

miR-106 miR-29

miR-181 miR-122

miR-18 Let7

miR-182 miR-101

miR-224 miR-148

miR-34a miR-125

miR-20 miR-214

Long ncRNAs TUC338 HULC MEG3
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