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Abstract
MicroRNAs (miRNAs) are an emerging class of highly 
conserved non-coding small RNAs that regulate gene 
expression at the post-transcriptional level. It is now 
clear that miRNAs can potentially regulate every 
aspect of cellular activity, including differentiation and 
development, metabolism, proliferation, apoptotic cell 
death, viral infection and tumorigenesis. Recent studies 
provide clear evidence that miRNAs are abundant in 
the liver and modulate a diverse spectrum of liver 
functions. Deregulation of miRNA expression may 
be a key pathogenetic factor in many liver diseases 
including viral hepatitis, hepatocellular cancer and 
polycystic liver diseases. A clearer understanding of 
the mechanisms involved in miRNA deregulation will 
offer new diagnostic and therapeutic strategies to 
treat liver diseases. Moreover, better understanding of 
miRNA regulation and identification of tissue-specific 
miRNA targets employing transgenic/knockout models 
and/or modulating oligonucleotides will improve our 
knowledge of liver physiology and diseases.
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INTRODUCTION
Genomic studies have demonstrated that many portions of  
the human genome do not encode conventional protein-
coding genes but encode biologically active non-coding 
RNA species[1]. With the development of  small RNA 
interface techniques over the past decade, it becomes clear 
that many small RNA molecules could regulate gene and 
protein expression. One class of  such small non-coding 
RNAs is microRNAs (miRNAs), a group of  regulatory 
RNAs of  19-22 nucleotides involved in control of  gene 
expression at the post-transcriptional level[2]. Recent studies 
suggest that miRNAs are involved in regulating cell fate 
(cell death and proliferation), initiation and progression of  
human cancer, developmental timing, and inflammatory 
responses[3-6]. Modulation of  miRNA expression in vitro as 
well as in vivo has revealed an important role of  miRNAs 
in liver functions. In this review, we appraise the recent 
findings on miRNAs in liver physiology and disease. We 
will also discuss the development and use of  miRNA 
antagonists (antagomirs) to target miRNAs in vivo, which 
may translate into novel therapeutic strategies for liver 
disease in the future.

miRNAS ARE REGULATORY NON-CODING 

SMALL RNAS IMPORTANT TO POST-

TRANSCRIPTIONAL GENE REGULATION
miRNAs are endogenous, single-stranded RNA molecules 
consisting of  approximately 22 non-coding nucleotides 
that regulate target genes[2,3]. miRNA molecules have been 
identified in over 80 species including those encoded by 
viral genomes. There are approximately 500-1000 different 
mammalian miRNA genes; a complete list and details 
about the nomenclature of  the miRNAs can be viewed 
at Sanger mirBase 10.1 (http://microrna.sanger.ac.uk/
sequences/)[7]. Up to 600 miRNAs have been identified in 
humans[2,3].

Most miRNAs are generated by RNA polymerase 
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Ⅱ as long primary transcripts (pri-miRNAs) that 
form a stem-loop structure[8-11]. In the nucleus, pri-
miRNAs are processed into 70-100 nucleotide-
long hairpin pre-miRNAs by the RNAse Ⅲ Drosha. 
These pre-miRNAs are then expor ted into the 
cytoplasm by exportin-5[1]. They are then further 
processed by another RNAse Ⅲ, Dicer. The resultant 
approximately 22-nucleotide RNA duplexes contain 
the mature miRNA and the passenger miRNA 
strand[12,13]. The mature miRNA can be incorporated 
into the so-called RNA-induced silencing complex 
(RISC). This miRNA-mRNA interaction either blocks 
translation initiation, induces the endonucleolytic 
cleavage of  the target mRNA, or both (Figure 1)[12-14]. 
In mammal cells, the sequence of  the miRNAs loaded 
in the complex targets the RISC to specific binding 
sites in the 3'-untranslated region (UTR) of  mRNA 
transcripts. Each mRNA can be regulated by several 
miRNAs, and one miRNA can recognize several 
targets[12,13,15]. Intriguingly, miRNAs may also lead to 
an upregulation of  gene expression[16]. However, the 
exact mechanism is currently unknown but may be the 
result of  direct effects, such as chromatin remodeling, 
or indirect effects, e.g. suppression of  transcriptional 
repressors. It is believed that expression of  30% of  
human genes may be regulated by miRNAs[17].

miRNAS are abundanT and finely 
regulated in the liver
One of  the first clues of  the existence of  miRNAs in 
mammals came from studies on genetic alterations in liver 
tumors. An unusual transcript, named hcr, was described 

and characterized as liver-specific, essentially non-coding, 
specifically nuclear, and processed by endonucleases in 
one of  woodchuck liver tumors investigated in 1989[18]. 
Later on, the hcr transcript was found to encompass 
the so-called ‘‘pri-miRNA” for miR-122[19]. miRNA-122 
was later described as a liver specific miRNA and 
has been reported in mouse, woodchuck and human 
livers, in human primary hepatocytes, and in cultured 
liver derived cells[19,20]. Besides miR-122, many other 
miRNAs, such as miR-1, miR-16, miR-27b, miR-30d, 
miR-126, miR-133, miR-143, and the let-7 family, are also 
abundantly expressed in adult liver tissue. While miR-122 
appears as the most highly expressed miRNA in adult 
liver, miR-92a and miR-483 seem to be more specifically 
expressed in the fetal liver (Table 1)[21]. Thus, the liver 
displays a differential miRNA expression profile during 
its development.

The l iver contains many cel l types including 
parenchymal cells (i.e. hepatocytes) and “non-parenchymal 
cells” which include endothelial cells, stellate cells, 
lymphoid cells, and biliary epithelial cells (cholangiocytes). 
Each cell type may have completely distinct miRNA 
expression profiles. However, miRNA expression profile 
in those cell types, in particular from humans, is not fully 
tested yet. Current understanding is limited to available 
human cell lines. For example, a distinct expression profile 
of  miRNAs has been identified in H69 cells, a cell line of  
SV40 transformed human cholangiocytes[22,23].

The molecular mechanisms underlying transcriptional 
regulation of  miRNA genes in the liver remain largely 
unknown. Hepatocyte nuclear factor 1a (HNF-1a) is a 
hepatocyte-enriched transcription factor. Manipulation 
of  HNF-1a function through RNA interference causes 
reciprocal changes in miR-107 expression and thus, may 
be involved in the regulation of  miR-107 transcription in 
the liver[24]. The myocyte enhancer factor-2 transcription 
factor can increase the expression of  miR-1-2 and miR-
133a-1[25]. The transcription factor Myc can up-regulate 
the expression of  miR17-92 cluster and down-regulate 
several other miRNAs in tumorigenesis[26]. However, 
whether these transcription factors are also involved 
in the transcriptional regulation of  those miRNAs in 
the liver is unclear. In addition, decrease of  let-7 family 
expression in human cholangiocytes in response to 
microbial stimulation appears to be nuclear factor (NF)-
kB-dependent[23]. On the other hand, the functional 
expression of  transcription factors can also be regulated 
by miRNAs, as it has recently been shown for signal 
transducer and activator of  transcription 3 (STAT-3)[22].

miRNAS MAY BE KEY PLAYERS IN THE 
REGULATION OF LIVER FUNCTIONS
For a comprehensive understanding of  miRNA function 
and potential therapeutic use in liver physiology and 
disease, identification and validation of  miRNA targets 
are of  fundamental importance. Several bioinformatic 
methods have been developed to predict miRNA 
targets[7]. Arora and Simpson adapted the ‘ranked ratio 
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Figure 1  miRNA biogenesis and function in animal cells. Animal genomes 
have specific genes that encode miRNAs. Primary miRNA transcripts (pri-
miRNAs) are processed into precursor miRNA (pre-miRNAs) stem-loops 
of approximately 60 nucleotides in length by the nuclear RNase III enzyme 
Drosha. These pre-miRNAs are transported to the cytoplasm via exportin-5 
and are further processed by the ribonuclease Dicer. Mature miRNAs are then 
incorporated in the RNA-induced silencing complex (RISC) and interfere with 
the regulation of mRNA translation by targeting mRNAs resulting in mRNA 
degradation or translational repression.
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(RR)’ described by Yu et al[27] and predicted the genes 
that are potentially targeted miRNAs in the liver[28]. This 
RR value is an indicator of  the distribution of  miRNA 
target genes within a single mRNA population. A high 
RR indicates low expression in a greater proportion 
of  target genes and is, therefore, indicative of  miRNA 
expression in that tissue. The RR values for all miRNAs 
were calculated for the miRNAs in the liver[28] and are 
shown in Figure 2. Clearly, many mRNAs could be the 
targets for miRNAs in the liver.

Validation of  those potential targets for each miRNA 
requires experimental studies both in vitro and in vivo. 

Table 1  Repertoire of miRNAs in human liver

The minus sign is used to indicate very low to undetectable levels and one 
plus to three pluses indicate a gradual expression from low levels to very 
high levels. The slash stands for the miRNAs that were not assayed. This 
figure is modified from Girard et al[21] with the permission of the authors 
and the publisher. 

Atlas Adult Fetal Atlas Adult Fetal 

miR-122 +++ +++ ++   miR-154 + / / 
miR-126 +++ / / miR-193a + / / 
miR-16 ++ ++ / miR-193b + / /  
let-7a ++ +++ / miR-195 + / / 
miR-22 ++ +++ + miR-199a + +++ + 
miR-125b ++ +++ + miR-21 + +++ + 
miR-143 ++ +++ / miR-223 + / / 
let-7b ++ ++ / miR-25 + ++ / 
miR-99a ++ ++ / miR-27a + ++ / 
let-7c ++ ++ / miR-29b + / / 
miR-181a ++ / / miR-29c + / / 
miR-194 ++ +++ /  miR-3-c + +++ + 
miR-451 ++ / /  miR-32- + / / 
miR-3-d ++ ++ /  miR-377 + / / 
miR-15b ++ / /  miR-378 + / / 
miR-193a-5p ++ / /  miR-424 + / /
miR-24 ++ +++ ++  miR-425 + / / 
miR 29a ++ / /  miR-486-5p + / +
miR-23b ++ + + miR-5-5 + / /
miR-26b ++ / /  miR-874 + / /
miR-27b ++ ++ / miR-885-5p + / /
miR-3-a ++ ++ / miR-1-7 Traces / / 
miR-92a ++ ++ +++ let-7e Traces / /
miR-13-a ++ / / miR-98 Traces / /
miR-15a ++ ++ / miR-3-b -- ++ / 
miR-186 ++ / / miR-34 -- ++ /  
miR-191 ++ ++ / miR-1-6a -- ++ /
miR-26a ++ / ++ miR-125a -- ++ /
miR-28 ++ ++ / miR-148 -- ++ /
miR-1- - ++ / / miR-149 -- ++ /
let-7d ++ / / miR-189 -- ++ /
miR-17 ++ / + miR-199b -- ++ /
miR-185 ++ / / miR-21- -- ++ /
miR-192 ++ ++ / miR-321 -- +++ /
miR-3-e ++ / / miR-145 -- ++ +  
miR-381 ++ / / miR-93 -- + +
miR-99b ++ / + miR-483 -- / +++
miR-1-3 ++ + /  miR-484 -- / +
miR-23a ++ / / miR-485 -- / +
let-7f + / / miR-487 -- / +  
let-7g + / /  miR-2- -- / ++
miR-139-5p + + / miR-18 -- / +
miR-14- +  / /  miR-19b -- / +  
miR-142 + ++ /  miR-1-6b -- / +
miR-144 + / / miR-345 -- / +
miR-151 + / + miR-41- -- / +

Figure 2  Prediction of targets by miRNAs in the liver. The miRNAs are 
ordered by RR values (upper-axis). The higher values reflect lower expression 
of predicted target genes and are, therefore, indicative of miRNA activity. The 
numbers of genes predicted to be targeted by each miRNA (lower-axis) are 
indicated by the grey line. This figure is reprinted from Arora and Simpson[28] 
with the permission of the authors and the publisher. 
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Several groups have tested the overall importance 
of  miR-122 in the regulation of  metabolism in the 
liver[29,30]. Through an antisense strategy to knock down 
miR-122, Esau et al[30] observed that several genes which 
regulate lipid metabolism, specifically the key enzyme 
phosphomevalonate kinase, were down-regulated. 
Remarkably, silencing miR-122 in high-fat fed mice 
resulted in a significant reduction of  hepatic steatosis, 
which was associated with reduced cholesterol synthesis 
rates and stimulation of  hepatic fatty-acid oxidation[30]. 
Functional inhibition of  miR-122 by an ‘‘antagomir” 
resulted in increased expression of  several hundred 
genes including those that are normally repressed in 
hepatocytes[29]. In addition, Chang et al[20] identified a 
binding site for miR-122 in the 3'-UTR of  the cationic 
amino acid transporter (CAT-1) mRNA using the Lewis-
based miRNA targets approach[31]. Consistently, an 
inversed pattern of  expression of  CAT-1 and miR-122 
was noted at all stages of  liver development. Interestingly, 
miR-122-induced inhibition through the CAT-1 3'-UTR 
was efficiently relieved upon amino acid starvation, which 
validates CAT-1 as a target of  miR-122[32].

Several groups, including ourselves, have recently 
tested the role of  miRNAs in the regulation of  biliary 
epithelial immunity in the liver. Human cholangiocytes 
e x p r e s s l e t - 7 f a m i l y m e m b e r s , m i R N A s w i t h 
complementarity to TLR4 mRNA. let-7 regulates TLR4 
expression via post-transcriptional suppression in cultured 
human cholangiocytes. Infection of  cholangiocytes 
with Cryptosporidium parvum (C. parvum), a parasite that 
causes intestinal and biliary disease, results in decreased 
expression of  primary let-7i and mature let-7 in a MyD88/
NF-kB-dependent manner. The decreased let-7 expression 
is associated with C. parvum-induced up-regulation of  
TLR4 in infected cells[23]. miRNAs may also be involved 
in cholangiocyte responses to pro-inflammatory cytokines, 
such as interferon-gamma (IFN-g), and actively participate 
in the regulation of  biliary inflammatory response in the 
liver. Specifically, miR-513 regulates B7-H1 translation 
and mediates IFN-g-induced B7-H1 expression in human 
cholangiocytes. B7-H1 (CD274, PD-L1) is a member 
of  the B7 family of  costimulatory molecules and plays a 
critical immunoregulatory role in cell-mediated immune 
responses. Resting human cholangiocytes express B7-H1 
mRNA, but not B7-H1 protein. IFN-g induces B7-H1 
protein expression and alters miRNA expression profile 
in cholangiocytes. Of  those IFN-g-down-regulated 
miRNAs, miR-513 has complementarity to the 3'-UTR 
of  B7-H1 and targeting of  miR-513 to B7-H1 mRNA 
results in translational repression, but not B7-H1 mRNA 
degradation[33]. 

miRNAS and Liver Diseases
miRNAs and viral hepatitis
Genes encoding miRNAs have also been found in 
viruses and viral miRNAs have a regulatory effect on 
their protein-coding genes[34]. This regulatory effect 
may be beneficiary to the virus toward maintaining 
its replication, latency and evading the host immune 

system. Wu and colleagues analyzed the miRNA-
encoding potential of  the hepatitis B virus (HBV). Using 
computational approaches, the authors found that HBV 
putatively encodes only one candidate pre-miRNA. 
One viral mRNA was found to be targeted by the 
viral miRNA when they searched the target from viral 
mRNAs. Thus, HBV has evolved to use viral miRNAs 
as a means to regulate its own gene expression[35].

miRNAs from the host cells may play a role in 
building up direct or indirect effect in regulating viral 
genes[34,36,37]. Hepatitis C virus (HCV) is an enveloped 
RNA virus of  the Flavivirus family, which is capable of  
causing both acute and chronic hepatitis in humans by 
infecting liver cells. miRNA-122 has been reported to 
facilitate the replication of  HCV, targeting the viral 5’ 
non-coding region[38]. Indeed, HCV RNA can replicate 
in Huh 7 cells, which express miR-122, but not in 
HepG2 cells, which do not express miR-122. Silencing 
of  miR-122 in hepatocytes resulted in a marked loss of  
replicating RNAs from HCV[38]. A putative miR-122 
binding site in the 50-end of  HCV genome was 
identified, suggesting a direct role of  miR-122 in HCV 
replication[38]. An indirect effect of  miR-122 inhibition 
on HCV regulation via the up-regulation of  the 
cytoprotective enzyme heme-oxygenase 1 (HO-1) and 
the converse down-regulation of  HO-1 repressor Bach1 
was also characterized[21]. In addition, HCV replication is 
associated with an increase in expression of  cholesterol 
biosynthesis genes that are regulated by miR-122[39]. 

On the other hand, Pedersen et al[40] demonstrated 
IFN-mediated modulation of  the expression of  numerous 
cellular miRNAs in the treatment of  hepatocytes infected 
with HCV. Expression of  a total of  30 cellular miRNAs 
in hepatocytes was influenced by IFN-a/b or IFN-g. 
Specifically, eight of  the miRNAs (miR-1, miR-30, 
miR-128, miR-196, miR-296, miR-351, miR-431 and 
miR-448), having nearly perfect complementarity in their 
seed sequences with HCV RNA genomes, were up-
regulated. Importantly, these miRNAs are capable of  
inhibiting HCV replication and infection. This has opened 
the door to our understanding of  novel host–defense 
mechanisms that exist in mammalian cells as well as the 
antiviral mechanisms employed by interferon.

miRNAs and human hepatocellular cancer (HCC)
Several studies have shown that specific miRNAs are 
aberrantly expressed in malignant HCC cells or tissues 
compared to non-malignant hepatocytes or tissue[41-47]. 
Selected miRNAs such as miR-21, miR-224, miR-
34a, miR-221/222, miR-106a, and miR-203 are up-
regulated in HCC compared to benign hepatocellular 
tumors such as adenomas or focal nodular hyperplasia. 
Certain miRNAs have been noted to be decreased in HCC 
compared to non-tumoral tissue, such as miR-122a, miR-
422b, miR-145, and miR-199a. Murakami et al[48] showed 
a correlation between miR-222, miR-106a, miR-92, 
miR-17-5p, miR-20, and miR-18 and the degree of  
differentiation suggesting an involvement of  specific 
miRNAs in the progression of  the disease. Interestingly, 
the altered expression of  some miRNAs was associated 
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with distinctive risk factors, such as miR-96 with hepatitis 
B virus infection and miR-126* with alcohol use. 
Further investigations suggested the highly deregulated 
miR-223 and miR-222 could unequivocally distinguish 
HCC from adjacent non-tumoral liver, irrespective of  
viral association[46]. In HCC patients with hepatitis C and 
liver cirrhosis, miR-122, miR-100, and miR-10a were 
overexpressed, whereas miR-198 and miR-145 were up 
to five-fold down-regulated in hepatic tumors compared 
to normal liver parenchyma[47].

Alteration of  expression profile in HCC for some 
miRNAs may be the consequence of  mal ignant 
transformation. For other miRNAs, they may play a role 
in the transformation process. miRNA-122 was reported 
to be significantly and specifically down-regulated in 
HCC in humans as well as in rodents[41,42]. Amongst the 
putative target genes of  miR-122 that can be predicted 
using computational tools, at least three are of  interest in 
tumorigenesis: the gene for N-Myc, which is frequently 
rearranged in woodchuck liver tumors by woodchuck 
hepatitis virus[43], the gene referred to as ‘‘down-regulated 
in liver malignancy”[44], and the gene for cyclin G1[45]. 
In fact, miR-122 was shown to modulate cyclin G1 
expression in HCC-derived cell lines, and an inverse 
correlation between miR-122a and cyclin G1 expression 
in primary liver carcinomas was further observed[45]. 
These studies suggest an inf luence of  the down-
regulation of  miR-122 and the converse expression of  
cyclin G1 in hepatocarcinogenesis[21]. 

miRNAs and polycystic liver diseases
The polycystic liver and kidney diseases are a family of  
disorders with heterogeneous etiologies. Autosomal 
dominant polycystic kidney disease (ADPKD) is 

associated with renal and liver cystogenesis that clinically 
manifests in adulthood, often leading to dialysis and renal 
transplantation. It is caused by mutations in either of  two 
genes, PKD1 and PKD2, which code for polycystin 1 and 
polycystin 2, respectively[49]. Autosomal recessive polycystic 
kidney disease (ARPKD) can present in neonates with 
massive renal cysts, causing respiratory failure secondary 
to abdominal competition that subsequently leads to 
infant demise, although milder forms can present later 
in life. Proposed mechanisms of  disease include ciliary 
dysfunction, excess cell proliferation, and altered cell-cell 
or cell-matrix interactions. 

Lee and colleagues provide data to support a 
novel mechanism for cystogenesis involving miRNA. 
They demonstrate that levels of  the miRNA miR15a 
are decreased in livers of  patients with ARPKD and 
ADPKD, respectively, and congenital hepatic fibrosis as 
well as in the PKC rat model of  ARPKD. This results in 
increased expression of  the cell-cycle regulator Cdc25A, 
which is a direct target of  miR15a, and increased cellular 
proliferation and cystogenesis in vitro. As a whole, the 
findings indicate that changes in miRNA expression 
contribute to the phenotypic changes found in cystic liver 
disease (Figure 3)[49,50].

miRNAS for the diagnosis of liver 
diseases 
miRNAs could be of  diagnostic significance for many 
liver diseases but current literature has been focused 
on tumors in the liver. Hepatocellular tumors comprise 
diverse benign and malignant neoplasms. Although the 
phenotypes can be broadly distinguished histologically 
or immunologically, these tumors can vary widely 
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in their clinical behavior and prognosis. The use 
of  miRNA-based classifications that correlate with 
etiology, pathogenetic changes, or malignant tendency 
will enhance molecular diagnosis and enable further 
definition of  these phenotypes. In turn, this may yield 
clinically useful predictive markers of  tumor behavior, 
as well as identify individual genetic and molecular 
contributors to tumorigenesis[51,52]. Thus, miRNA 
profiling studies could be used for defining clinical 
phenotypes, as well as providing potentially useful 
molecular diagnostic markers.

Impair ments in miRNA funct ioning seen in 
cancerogenesis can be used for determination of  miRNA 
expression for diagnostics of  tumor origin. Each type 
of  cancer is characterized by a certain profile of  miRNA 
expression[52]. For example, the miRNA expression 
profiles in malignant hepatocytes differ from those of  
malignant cholangiocytes. Cluster analysis of  miRNA 
expression profiles in tumors accurately determines not 
only type of  the tissue (e.g. epithelium or hemopoietic 
system), but also discriminates tumors within the 
same type of  tissue; this may reflect mechanism of  
transformation[53]. Obviously, evaluation of  miRNA 
profiles can be used for prognosis of  the development 
of  tumors[54-56]. Such an approach for tumor diagnostics 
is very promising. However, it is not widely employed 
yet due to inadequately developed technology, lack of  
standards, requirements of  very high purity of  RNA 
samples, and not always reproducible results.

miRNAS as therapeutic targets 
for liver diseases
Development of  miRNA/RNAi-based therapeutics 
requires several critical experimental steps, which include: 
(1) miRNA profiling of  disease versus healthy tissue; (2) 
functional analysis of  dyregulated miRNAs; and (3) in vivo 
studies with the use of  different RNAi-based therapeutic 
methods to dysregulate miRNAs[57]. The success of  such 
strategies for gene therapy will provide clinicians with a 
larger repertoire that includes miRNA-therapeutic agents. 
For example, chemically engineered oligonucleotides, 
termed ‘antagomirs’, have recently been developed 
and proven to be efficient and specific silencers of  
endogenous miRNAs in mice[29]. The silencing effect was 
considerably sustained over time probably because of  
a long half-life of  endogenous miRNAs[12]. In addition, 
induction of  stable loss-of-function phenotypes for 
specific miRNAs by lentiviral-mediated antagomir 
expression has recently been described[58].

Over the past several years, strategies based on 
targeting HBV, and to a lesser extent HCV, by both 
synthetic and expressed activators of  the RNAi pathway 
have proved efficient to inhibit viral replication both 
in vitro and in vivo[59,60]. The recent study by Pedersen  
et al[40] provided great insights into validating sequence-
predicted targets of  cellular miRNAs within the HCV 
genome. miRNA-122 antagomir can down-regulate 
expression of  several adult-liver genes[29], providing 

the potential to generate a new attractive expandable 
cell source for hepatocyte transplantation that would 
feature stem/progenitor cell phenotype. In addition, 
the effect of  miR-122 antagomir in high-fat fed mice 
may be of  therapeutic potential to reduce hepatic 
steatosis[29]. 

The important breakthrough in the field of  hepato-
carcinogenesis came from the accurate correlation of  
alterations in miRNAs with tumor proliferation and 
differentiation. So far, there have been very limited 
insights into this characterization. Recent studies 
by Meng et al[22,61] suggest a role for miRNAs in the 
influence of  interleukin-6 in malignant cholangiocytes. 
MicroRNA-141, which showed strong overexpression 
in malignant cholangiocytes, was specifically localized 
in 12p, a region of  known chromosomal aberration 
in bi l iar y tract cancers [42]. Inhibit ion of  miR-21 
sensitized the response of  cholangiocarcinoma cell 
lines to chemotherapy[42]. This observation gives rise to 
significant hope that miR-21 could serve as a biomarker 
for drug response in cholangicarcinoma. 

Conclusion
Study of  miRNAs flourished during the decade after 
their discovery. It is now clear that miRNAs can 
potentially regulate every aspect of  cellular activity, from 
differentiation and proliferation to apoptosis, and also 
modulate a large range of  physiological processes from 
developmental timing to organogenesis[1-6]. miRNAs 
also modulate a diverse spectrum of  liver functions 
with developmental, (patho) physiological, and clinical 
implications. In the near future, the distinctive signature 
patterns of  miRNA expression associated with liver 
cancer should allow classification of  different stages in 
tumor progression[21]. Further, creating artificial miRNAs 
with salutary effects by promoting the expression of  
beneficial gene products (e.g. tumor-suppressor proteins) 
or targeting viral genomes (e.g. molecules designed to 
specifically target HCV-genome sequences) may become 
part of  our patient management and complement 
chemotherapy and antiviral treatments. Overall , 
unraveling the regulatory circuits of  miRNAs in the liver 
is a great challenge, but may provide attractive targets for 
mechanism-based treatment of  liver diseases.
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