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Role of Noncoding RNAs as Biomarker and 
Therapeutic Targets for Liver Fibrosis
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Noncoding RNAs (ncRNAs) including microRNAs (miRNAs) regulate gene expression at the posttranscrip-
tional level, whereas long coding RNAs (lncRNAs) modulate gene expression both at transcriptional and post-
transcriptional levels in mammals. Accumulated evidence demonstrates the widespread aberrations in ncRNA 
expression associated with almost all types of liver disease. However, the role of ncRNAs in liver fibrosis is 
poorly understood. Liver fibrosis is the process of excessive accumulation of extracellular matrix (ECM) pro-
teins in the liver that lead to organ dysfunction and tumorigenesis. In this review, we summarize the current 
knowledge on the role of ncRNAs in promoting or repressing liver fibrosis caused by nonviral agents, potential 
use of circulating miRNAs as biomarkers of liver fibrosis, and therapeutic approaches to treat liver fibrosis by 
targeting the dysregulated miRNAs.
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INTRODUCTION

The central dogma that DNA is transcribed into RNA 
that is translated into protein to mediate biological func-
tions has been well established many decades ago (1). 
Surprisingly, sequencing of the genome and transcriptome 
has revealed that the majority of RNAs in the mammalian 
genome do not code for any protein and are, therefore, 
designated noncoding RNAs (ncRNAs) (2). ncRNAs 
are highly heterogeneous in size, function as microRNA 
(miRNA) and long noncoding RNA (lncRNA), and play 
crucial roles in the development of human diseases (3,4). 
miRNAs are short RNA molecules (~22 nucleotides), 
regulating gene expression via translational repression 
and mRNA degradation predominantly by binding to the 
3¢ untranslated region (3¢UTR) of specific mRNA (5). 
miRNAs regulate diverse physiological and develop-
mental processes. It is estimated that at least one third of 
human protein coding genes are regulated by miRNAs (6). 
lncRNAs are RNA molecules containing longer than 200 
nucleotides in length, with limited or no protein-coding 
capacity (7,8). Unlike miRNAs that regulate gene expres-
sion at posttranscriptional level, lncRNAs participate in 

both transcriptional and posttranscriptional regulation, 
and some are shown to be associated with pathogenesis 
of human diseases (9–11).

Liver fibrosis is a precancerous stage characterized by 
excessive accumulation of extracellular matrix (ECM) 
proteins due to repeated wound healing response, which 
occurs in almost all types of the chronic liver diseases 
(12,13). Fibrosis, if not cured, eventually leads to signifi-
cant organ dysfunction, cirrhosis, and cancer (14,15). It 
is widely accepted that hepatic stellate cell (HSC) activa-
tion is the key event during liver fibrosis, in which HSCs 
are transformed into myofibroblast-like cells to synthe-
size ECM proteins such as collagens that cause stiffness 
of the liver (16). HSC activation can be triggered by oxi-
dative stresses, inflammatory responses, growth factors, 
and apoptotic bodies of hepatocytes caused by liver dam-
age (12,13). Emerging evidences show that both miRNAs 
and lncRNAs are involved in regulating liver fibrogen-
esis (17,18).

HCV or HBV infection-induced liver pathogenesis 
has been summarized in many recent reviews (19). In this 
review, we focus on the current knowledge on the role of 
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ncRNAs in liver fibrosis caused by nonviral agents. We 
summarize the roles of selected ncRNAs and their regula-
tory mechanisms that lead to liver fibrosis (Table 1). We 
also discuss the potential usage of miRNAs as noninva-
sive biomarkers and therapeutic targets for liver fibrosis.

PROFIBROTIC miRNAs IN LIVER

miR-21

miR-21, derived from an intron of a protein-coding 
gene TMEM49, is an oncogenic miRNA (oncomiR) that 
targets the well-known tumor-suppressor phosphatase 
and tensin homolog (PTEN) as well as other tumor sup-
pressors in different types of cancer (20,21). Recent reports 
demonstrate that miR-21 is a profibrogenic miRNA 
(fibromiR) involved in renal, myocardial, pulmonary, 
and hepatic fibrosis by modulating transforming growth 
factor-b (TGF-b) pathway (22).

TGF-b is a critical cytokine that drives fibrosis by 
promoting hepatic stellate cell (HSC) proliferation and 
ECM production (12,13). The elevated expression of 
miR-21 during fibrosis is mainly regulated through TGF-
b-Smad3-mediated transcriptional induction and Smad2/
Drosha complex-enhanced miR-21 maturation (23,24). 
Furthermore, a recent study has demonstrated that the 
upregulation of miR-21 in mouse HSCs facilitates liver 
fibrosis (25).

A key mechanism of miR-21-mediated liver fibrosis 
is by the suppression of Smad7, an antagonist of TGF-b 
signaling pathway (22,25). Smad7 negatively regulates 
TGF-b pathway by blocking the signaling cascades involv-
ing TGF-b receptor type 1 (TGF-b-RI) and Smad proteins, 
and by facilitating E3 ubiquitin-protein ligase Smurf2-
mediated ubiquitination and degradation of TGF-b-RI 
(26,27). Indeed, overexpression of miR-21 abolishes this 
Smad7-mediated suppression of TGF-b pathway and con-
sequently promotes liver fibrosis. Thus, TGF-b pathway 

and miR-21 work cooperatively in driving HSC activation, 
which leads to massive liver fibrosis.

miR-221/222

miR-221 and its homolog, miR-222, obtained by the 
processing of the same ncRNA, are both oncomiRs and 
fibromiRs (28,29). miR-221/222 is highly upregulated in 
chronic hepatitis C (CHC) patients with liver fibrosis and 
in experimental liver fibrosis models under NF-kB tran-
scriptional regulation (30). NF-kB is a strong fibrogenic 
factor that regulates hepatocyte injury, inflammatory sig-
nals, and fibrogenic responses in HSCs, all of which are 
crucial processes to promote liver fibrosis (14).

The increasing level of miR-221/222 suppresses 
cyclin-dependent kinase inhibitor 1B (CDKN1B, p27Kip1) 
expression in HSCs by directly binding to its 3¢UTR 
(29). CDKN1B, an inhibitor of cyclin-dependent kinases 
(CDKs), prevents binding of cyclin D and cyclin E to 
CDK2 and CDK4, respectively, which results in cell 
cycle arrest in G

1
 phase and apoptosis. Hence, increase in 

miR-221/222 levels results in HSC proliferation (29,30). 
Further, ectopic expression of miR-222 in HSCs increases 
collagen type I (COL1A1) and matrix metalloprotei-
nase-2 (MMP-2) expression, indicating that miR-221 and 
miR-222 can independently induce HSC activation (29). 
Collectively, the activation of NF-kB and upregulation of 
miR-221/222 promote liver fibrosis by (a) transcription-
ally upregulating ECM proteins, (b) enhancing HSC pro-
liferation, and (c) reducing HSC apoptosis.

miR-181b

miR-181a and miR-181b are located on chromo-
some 1 in human (31). miR-181b, induced by TGF-b 
signaling pathway, has been shown to promote hepa-
tocarcinogenesis by suppressing tissue inhibitor of 
metalloproteinases-3 (TIMP-3). In contrast, inhibition 

Table 1. A List of the Fibrotic or Antifibrotic ncRNAs

Targets Mechanism

Profibrotic
miR-21 Smad7 Increase HSC proliferation, ECM production
miR-181b p27(CDKN1B) Promote HSC proliferation
miR-221/222 p27(CDKN1B) Promote HSC proliferation, ECM production, 

reduce HSC apoptosis
Antifibrotic

miR-29 family Collagen, 
PDGF-C, IGF-1

Inhibit HSC proliferation and ECM 
production

miR-101 TGF-b-RI, KLF6 Suppress HSC proliferation and migration
miR-122 KLF6, P4HA1 Decrease HSC proliferation and ECM 

production
miR-214 CTGF Decrease HSC proliferation , migration, and 

ECM production
lncRNA MEG3 p53 Induce HSC apoptosis, decrease HSC 

proliferation and ECM production
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of miR-181b reduces hepatocellular carcinoma (HCC) 
growth in a xenograft mouse model (32). Interestingly, 
TGF-b also induces miR-181b expression in HSCs 
(33). Overexpression of miR-181b, but not miR-181a, 
promotes HSCs cell cycle progression by increasing S 
phase cell population, indicating that miR-181b facili-
tates HSCs proliferation. The alteration of cell cycle by 
ectopic expression of miR-181b is probably due to the 
decreasing level of CDKN1B (p27Kip1), a common target 
of miR-181b and miR-221/222 (29,33).

ANTIFIBROTIC miRNAs AND  
lncRNAs IN LIVER

miR-29b

miR-29 family members are located at two differ-
ent loci in human. miR-29b-1 and miR-29a are located 
on chromosome 7q32.3, while miR-29b-2 and miR-29c 
are on chromosome 1q32.2. miR-29b-1 and miR-29b-2 
share identical mature sequences, called miR-29b (34). 
miR-29 members function as antifibrotic miRNAs in 
cardiac fibroblast by suppressing collagen synthesis 
(35). Following this observation, a series of studies have 
focused on understanding the role of this miRNA in fibro-
sis. miR-29b is downregulated particularly in HSCs in 
carbon tetrachloride (CCl

4
)-induced and bile duct ligation 

(BDL)-induced liver fibrosis models (36). Studies have 
demonstrated that TGF-b and NF-kB transcriptionally 
repress miR-29b in HSCs, resulting in dramatic increase 
in ECM production (22,37,38).

miR-29b directly represses a variety of fibrogenic 
molecules including collagen types I, IV family, platelet-
derived growth factor C (PDGF-C), and insulin-like 
growth factor-1 (IGF-1) in HSCs (37–39). Furthermore, 
overexpression of miR-29b attenuates TGF-b-induced 
collagen synthesis in HSCs, suggesting the antifibrotic 
role of miR-29b (37–39). In addition, miR-29b indirectly 
upregulates PTEN expression by targeting DNA methyl-
transferase 3b (DNMT3b) that methylates its promoter 
region (40). Thus, the decrease in DNMT3b levels results 
in hypomethylation of PTEN promoter, thereby increas-
ing PTEN expression to promote HSC apoptosis and sup-
pression of HSC proliferation (40). In summary, miR-29b 
inhibits liver fibrosis by (a) directly inhibiting production 
of ECM proteins, (b) blocking expression of fibrogenic 
signaling molecules, (c) increasing HSC apoptosis, and 
(4) attenuating HSC proliferation.

miR-101

miR-101 is transcribed from the eighth intron of RCL1 
gene in humans (41). miR-101 has been identified as a 
tumor suppressor by directly targeting EZH2 and c-Myc 
in different types of cancer including HCC (42,43). miR-
101 level is reduced both in HSCs and hepatocytes in 
CCl

4
-induced liver fibrosis model. Loss of miR-101 causes 

elevation in the levels of TGF-b-RI and Kruppel-like fac-
tor 6 (KLF6) in HSCs and hepatocytes. Both TGF-b-RI 
and KLF6 are tightly associated with TGF-b signaling 
pathways. TGF-b-RI forms a heteromeric complex with 
TGFR-bII to transduce signals that results in activation of 
downstream Smads. KLF6 forms a complex with Smad3-
AP1-KLF6 to transcriptionally regulate fibrogenic gene 
expression (44,45). These data support the notion that 
downregulation of miR-101 is probably one of the mech-
anisms underlying initiation and/or progression of liver 
fibrosis. In addition, overexpression of miR-101 inhibits 
TGF-b-induced proliferation/migration in HSCs and pre-
vents TGF-b-induced apoptosis in hepatocytes (45). This 
observation further demonstrates the antifibrotic role of 
miR-101 in mediating liver fibrosis (45).

miR-122

miR-122, processed from an intergenic ncRNA, is the 
most abundant liver-specific miRNA. Deple tion of miR-
122 in mice leads to spontaneous hepatitis, hepatic fibro-
sis, and HCC with age (46,47). It has been shown that 
KLF6, a miR-122 direct target in hepatocytes, transac-
tivates TGF-b to initiate the signaling cascades for the 
downstream activation of HSCs (47). Knocking down 
of KLF6 with short hairpin RNA (shRNA) in miR-122 
knockout mouse livers successfully reduced liver fibro-
sis, further supporting the critical role of KLF6 in trigger-
ing liver fibrosis in these mice (47).

miR-122 is predominately expressed in hepatocytes and 
is undetectable in HSCs. Nevertheless, there are reports 
suggesting a potential role of miR-122 in suppressing 
HSC activation (48). miR-122 is downregulated in HSCs 
in CCl

4
-induced liver fibrosis model due to suppression of 

the transcription factor C/EBPa. Reduced level of miR-122 
in HSCs derepresses prolyl 4-hydroxylase, a polypeptide 
I (P4HA1), which facilitates collagen maturation (48). 
Furthermore, overexpression of miR-122 in HSCs mod-
erately inhibits HSC proliferation. This phenomenon may 
be explained by downregulation of Bcl-w and IGFR-1, 
two reported miR-122 targets involved in cell survival and 
apoptosis, respectively (48).

miR-214-3p

miR-214 is located in intron 14 of the Dynamin-3 gene 
(DNM-3) in chromosomal 1q24.3 and is regulated by 
TGF-b in different types of cells including hepatocytes 
and HSCs (49). In contrast to miR-122, which is predom-
inately expressed in hepatocytes, miR-214-3p is mainly 
expressed in HSCs (49). In experimental animal models, 
miR-214-3p exhibits antifibrotic properties by directly 
regulating connective tissue growth factor (CTGF, CCN2), 
a downstream mitogen of TGF-b pathway (50). CTGF, a 
strong fibrogenic factor, is produced in both HSCs and 
hepatocytes, and promotes HSC adhesion, proliferation, 
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migration, and collagen production in autocrine as well 
as paracrine manners (51,52).

The delivery of miR-214-3p from HSCs to hepato-
cytes has been shown to be mediated by exosomes (53). 
Exosomes are nanosized membrane vesicles of endocytic 
origin that are involved in transfer of miRNAs between 
different cell types. Exosomal miR-214-3p secreted from 
HSCs modulates CTGF expression in both HSCs and hepa-
tocytes (50). Blocking exosomal delivery of miR-214-3p 
increases ECM protein production in HSCs, indicating 
that liver fibrosis is regulated not only by endogenous 
miRNAs but also by exosomal miRNAs (50).

Interestingly, while downregulation of miR-214-3p 
occurs in liver fibrosis, expression of miR-214-5p is a 
marker of fibrotic liver (49). miR-214-5p is also known 
to be upregulated in activated HSCs and in patients 
with liver fibrosis. Ectopic expression of miR-214-5p 
increases MMP-2, MMP-9, a-SMA, and TGF-b1 expres-
sion in HSC cell line (49).

lncRNA MEG3

lncRNA maternally expressed gene 3 (lncRNA MEG3) is 
a maternally imprinted gene located at chromosome 14q32.3 
in humans. MEG3 has been established as a tumor suppres-
sor in many types of cancer including HCC. A recent study 
has demonstrated that the methylation-dependent down-
regulation of MEG3 facilitates HCC development (54).

MEG3 was found to be downregulated in CCl
4
-

induced liver fibrosis model and fibrotic patients. TGF-
b-mediated methylation of MEG3 promoter causes 
decrease in MEG3 expression, which supports previous 
findings that MEG3 expression could be epigenetically 
regulated (20,54). Although the mechanism by which 
MEG3 regulates liver fibrosis still remains unclear, 
MEG3 could induce p53-mediated apoptosis via modu-
lating Bax/Bcl-2 and cytoplasmic cytochrome c expres-
sion (20). Besides, overexpression of MEG3 decreases 
HSC activation by suppressing cell proliferation (G

0
/G

1
 

cell cycle arrest) and curtailing ECM protein synthesis 
(a-SMA and Cola1a1) (20).

miRNAs AS NONINVASIVE MARKERS 
FOR HEPATIC FIBROSIS

Recent studies have shown the presence of circulat-
ing miRNAs in various types of body fluids including 
plasma, serum, and bile (55). Most of the circulating 
miRNAs are protected by incorporation into lipid or lipo-
protein complexes such as apoptotic bodies, exosomes, and 
microvesicles (55,56). Thus, these circulating miRNAs 
are highly stable despite the presence of ribonucleases in 
the circulation. Because of the remarkable stability of cir-
culating miRNAs and the alteration in their levels in dif-
ferent disease, these small molecules are considered ideal 
biomarkers in liver disease (56).

CIRCULATING miRNAs miR-34a, miR-571, 
AND miR-513-3p ARE UPREGULATED IN 

LIVER FIBROSIS

Lipid accumulation and cellular apoptosis both play cru-
cial roles during the progression of fibrogenesis. miR-34a 
functions as a fibromiR by targeting acyl-CoA synthetase 
long-chain family member 1 (ACSL1), resulting in altera-
tion in lipid/fatty acid metabolism and cell survival in HSCs 
during liver fibrosis (57). In addition, the level of circulat-
ing miR-34a was significantly elevated in the sera of fibrotic 
patients, but not in healthy individuals (58,59). Further, the 
circulating miR-34a level correlates with the liver fibrosis 
score; it was about threefold higher in F3–F4 (Metavir fibro-
sis score) compared to early stage fibrosis (F0–F1) in CHC 
patients (58).

Although the potential role of miR-571 and miR-513-3p 
in liver fibrosis has not been fully established, their levels are 
significantly elevated in the sera of cirrhotic patients com-
pared to normal populations (59). In one systematic miRNA 
profiling study, serum miR-571 and miR-513-3p levels 
were found to be nearly eightfold and fivefold upregulated, 
respectively, in patients with alcohol- or hepatitis C-induced 
liver cirrhosis. However, only the serum level of miR-571 
reflected the disease severity in liver cirrhosis (59).

The level of miR-571 is elevated in sera and in the 
livers of cirrhotic patients compared to sera from healthy 
individuals. The upregulation of miR-571 most likely 
occurs in hepatic cells rather than the immune cells in  
the liver (59). Further evidence showed that the upregula-
tion of miR-571 is probably triggered by TGF-b in human 
primary cultured HSCs. Overexpression of miR-571 in 
HSCs increases ECM protein synthesis and deposition, 
indicating that miR-571 is a profibrotic miRNA (59).

Downregulation of Circulating miRNAs 
miR-29a and miR-652

miR-29 exhibits strong antifibrotic activity, as described 
in the previous section. There was a significant inverse 
relationship between the serum level of miR-29a, but not 
miR-29b, and liver fibrosis progression in human HCC 
patients (38). A marked inverse correlation also exists 
between serum miR-29a level and Model for End-Stage 
Liver Disease (MELD) score, a scoring system indicative 
of the severity of chronic liver disease. These observations 
imply that miR-29a could serve as a noninvasive biomarker 
to monitor liver fibrosis progression in humans (38).

The serum level of miR-652 was also found to be 
downregulated in patients with alcohol- or HCV infec-
tion-induced liver fibrosis compared to healthy people 
(59). Unlike miR-29a, the downregulation of miR-652 
in fibrotic patients’ sera did not correlate with severity 
of fibrosis, probably due to its expression in circulating 
monocytes rather than in the parenchymal or other resi-
dent liver cells (59). It appears that the reduced miR-652 
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level in the serum may not be liver specific, but might 
reflect more general inflammatory response.

miRNAs AS POTENTIAL THERAPEUTIC 
TARGETS FOR HEPATIC FIBROSIS

miRNAs have been shown to play an important role in 
regulating gene expression. The deregulation of miRNAs 
is frequently found in almost all human diseases. Two lab-
oratories including ours have independently observed that 
loss of miR-122 in liver leads to hepatitis, hepatic fibrosis, 
and HCC, while delivery of miR-122 reduces liver inju-
ries and hepatocarcinogenesis by using knockout mouse 
models (46,47). Thus, manipulating the expression of 
miRNAs by miRNA inhibitors or miRNA mimic delivery 
might be an effective strategy to generate miRNA-directed 
therapeutic approaches for human diseases.

miRNA Therapy in Preclinical Models

miR-29 family has a strong antifibrotic ability against 
hepatic fibrosis by repressing ECM production, decreas-
ing HSC proliferation, blocking fibrogenic signaling cas-
cades, and inducing HSC apoptosis (36–40). It is therefore 
logical to treat liver fibrosis by increasing the expression 
of miR-29 in the liver. Indeed, there is significant evi-
dence suggesting that miR-29 can be used as a therapeu-
tic target due to suppression of fibrogenic characteristics 
following its overexpression in HSCs (36,37). Expression 
of miR-29a/b using adenovirus or estradiol (E

2
)-inducible 

system successfully diminishes liver fibrosis in the CCl
4
-

induced liver fibrosis in mice (38). Further, significant 
reduction in tumor growth was observed in the HCC 
xenografts transfected with miR-29b in nude mice (60), 
further supporting the therapeutic role of miR-29 in dif-
ferent liver diseases.

miR-101 is another antifibrotic miRNA that could be 
therapeutically effective against liver fibrosis. miR-101 has 
been shown to suppress HSC proliferation and migration 
or hepatocyte apoptosis by mitigating TGF-b signaling 
in vitro (45). In addition, lentivirus-mediated expression 
of miR-101 exhibited pronounced antifibrotic effect in 
CCl

4
-induced liver fibrosis model by repressing KLF6 

and TGF-b-RI in both hepatocytes and HSCs (45).
Inhibition of fibromiRs is another attractive alternative 

to alleviate liver fibrosis. Expression of miR-21 has been 
shown to increase HSC activation and TGF-b signaling by 
repressing inhibitory Smad7 (22). Although miR-21 is not 
a liver-specific miRNA, it could still serve as an ideal tar-
get to treat liver fibrosis by using a liver-specific delivery 
system such as recombinant adeno-associated virus sero-
type 8 (rAAV8)(61). Indeed, a combination of rAAV8 and 
miR-21-Tough Decoy RNAs (TuDs), a stabilized stem-
loop RNA with two microRNA binding sites to interfere 
miRNA functions, efficiently reduced miR-21 expression 
in liver and schistosomiasis-induced liver fibrosis (61).

Members of miR-17-92 cluster (e.g., miR-19a, -19b, 
-92a) have been shown to be significantly downregulated 
in primary HSCs activated in culture compared to quiescent 
HSCs (22,62). Studies with human patients also demon-
strated a similar trend for miR-19b, whose level is sig-
nificantly reduced in the liver and sera of fibrotic patients 
(62). Indeed, miR-19b has been reported to interfere with 
TGF-b signaling by targeting its receptor, TGF-b-RII, in 
HSCs, and overexpression of miR-19b reduced HSC dif-
ferentiation to myofibroblasts and ECM production in pri-
mary cultured autonomous-activated rat HSCs (62).

CONCLUDING REMARKS

Regulatory Mechanisms of Liver Fibrosis

ncRNAs have been shown to be involved in various 
biological processes and human disease including hepatic 
fibrosis. Here we discussed two different types of ncRNAs 
(e.g., miRNAs and lncRNAs) and their regulatory roles in 
liver fibrosis (Fig. 1). It is well established that the cen-
tral event in liver fibrogenesis is HSC activation, which is 
promoted by increased HSC proliferation, migration, dif-
ferentiation, and reduced HSC apoptosis. Based on numer-
ous systematic studies in cell culture-based experiments, 
animal models, and clinical human patients, it is clear that 
the process of HSC activation is, at least in part, regulated 
by ncRNAs. Thus, a better understanding of the regulatory 
mechanisms of ncRNAs in HSC activation will help us to 
gain the mechanistic insights into hepatic fibrogenesis and 
therapeutic strategies to inhibit liver fibrosis.

Advantages and Limitations for Using ncRNAs 
as Biomarkers

A good biomarker for detecting human diseases such 
as liver fibrosis should exhibit the following features: 
(a) general characteristics that differentiate normal healthy 
individuals from patients, (b) high stability in circulation, 
(c) ease of collecting through noninvasive method, and 
(d) reflects disease progression. Circulating miRNAs fit 
very well in all the categories. It is known that circulating 
RNAs are stable and their level can be easily quantified 
by quantitative RT-PCR or high throughput assays such 
as nanostring or miRNA microarrays. In addition, several 
miRNAs in circulation such as miR-571 and miR-34a 
have unique profiles that reflect different stages of liver 
fibrosis. More importantly, the accuracy in predicting 
liver fibrosis by profiling certain miRNAs rather than the 
conventional platelet count, prothrombin international 
normalized ratio (INR), or albumin appears to be highly 
significant (59). Thus, certain miRNA expression profiles 
in sera in combination with biochemical data may be bet-
ter noninvasive diagnos tic and prognostic markers for 
liver fibrosis. lncRNAs, albeit less stable than miRNAs, 
are also detectible in blood and have comparable half-
lives to mRNAs (63,64). Additional studies are needed to 
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ascertain the potential of lncRNAs as reliable biomarkers 
for liver fibrosis.

Although the serum levels of miRNAs may be utilized 
as biomarkers for detecting liver fibrosis, some critical 
issues need to be addressed before their translational appli-
cations. Lack of an established control to normalize cir-
culating miRNAs has been a problem to quantify miRNA 
levels in the serum. Currently, adding the spiked-in RNAs 
into circulation is a preferred method to quantify circu-
lating miRNAs. Although it may not reflect the absolute 
amount of miRNAs in circulation, this method has better 
consistency to act as a baseline for quantification. In addi-
tion to the quantification issue, larger patient cohorts with 
distinct hepatic fibrosis etiology and differential fibrosis 
stages should be analyzed to establish circulating miRNAs 
as biomarkers for liver fibrosis.

miRNA-Based Therapy for Liver Fibrosis

miRNAs are very attractive targets for novel therapeu-
tic intervention due to their deregulation in human diseases 
and regulatory roles in multiple physiological processes. 
Overexpression of the downregulated miRNAs or depletion 
of the upregulated miRNAs in patients is the central con-
cept to develop miRNA-based therapy. Several strategies 

to modulate miRNA expression in different liver diseases 
including fibrosis have been successfully implemented 
in preclinical models. It is indeed exciting that the first 
miRNA-based therapy for HCV infection (Miravirsen), an 
LNA-modified anti-miR-122 DNA–RNA hybrid oligonu-
cleotide, is currently in phase II clinical investigation (65).

Although the therapeutic strategies involving manip-
ulation of miRNA levels appear promising, some chal-
lenges still remain. Lack of proper in vivo delivery and 
off-target effects are two major problems for the miRNA-
directed therapy. Fortunately, nanoparticle technology, 
providing high target specificity and low cytotoxicity in 
vivo, is being developed (66). miRNAs can be precisely 
delivered to their targets with very high efficiency using 
nanoparticles as carriers. Currently, studies of nanoparticle-
based miRNA delivery are actively pursued in many 
laboratories (66,67). With more advanced knowledge and 
technology, miRNA-directed therapy to suppress liver 
fibrosis and hence hepatocarcinogenesis should be real-
ized in the near future.
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Figure 1. An overview of ncRNAs that modulate different stages of liver fibrosis.
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