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Liver fibrosis and inflammation

Chronic liver inflammation is a major health burden 
worldwide, potentially leading to liver fibrosis, liver cirrhosis, 
hepatocellular carcinoma and finally death (1). From a 
pathophysiological point of view, liver fibrosis represents the 
result of a wound-healing response to chronic or repeated 
liver injury (2). Liver injury is associated with liver cell death 
and consecutive regeneration of parenchymal cells to replace 
necrotic or apoptotic cells. If the hepatic injury persists, 
liver regeneration may fail, and hepatocytes are replaced by 
extracellular matrix (ECM) (2). While in early stages, fibrotic 
material is only located around portal tracts (in case of viral 
hepatitis) or pericentral (in case of alcohol-induced liver 
disease), in later stages, bridging collagen bands occurs (2).  
Hepatic stellate cells (HSCs) represent the main source of 
ECM-production in the injured liver (3). Quiescent HSCs 

are located in space of Disse and are the major storage sites 
of vitamin A (4). During liver injury, HSCs become activated 
and acquire contractile, pro-inflammatory, and fibrogenic 
properties (5). Such activated HSCs secrete tremendous 
amounts of ECM and in advanced stages of liver fibrosis, the 
liver may contain up to six times more ECM than normal (2).

Chronic liver injury and liver fibrosis are associated with 
local and systemic inflammatory response, highlighting 
that hepatic cell types other than HSCs are also involved in 
fibrogenesis. Hepatocytes that become injured, release reactive 
oxygen species (ROS) and inflammatory mediators and 
thereby induce recruitment of inflammatory cells to the liver. 
Inflammatory cells, either lymphocytes or polymorphonuclear 
cells, activate HSCs to secrete collagen (6). Activated HSCs 
themselves secrete inflammatory chemokines, express 
cell adhesion molecules, and modulate the activation of 
lymphocytes and Kupffer cells that play a major role in liver 
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inflammation by releasing proinflammatory mediators (7). 
Therefore, fibrosis is mediated by a vicious circle in which 
inflammatory and fibrogenic cells are activated and stimulate 
each other (2). 

From a clinical point of view, liver fibrosis represents a 
common consequence of chronic liver diseases. At present, 
hepatic fibrosis is still not sufficiently treatable and often 
progress to liver cirrhosis representing the major risk factor 
for the development of hepatocellular carcinoma (8). Despite 
recent advances, e.g., in the treatment of viral hepatitis, 
pharmacological strategies in treatment or prevention of 
liver cirrhosis are still lacking and prognosis of patients with 
liver cirrhosis remains poor. Thus, a better understanding 
of the mechanisms underlying liver inflammation, 
hepatofibrogenesis and the development of liver cirrhosis are 
urgently needed. Here we review the available literature on 
the role of microRNAs (miRNA, miR) in these processes. 
Such knowledge might help to develop novel, innovative 
strategies for the prevention and therapy of acute and chronic 
liver diseases.

MicroRNAs

MicroRNAs represent a new class of small RNAs ~18-25 
nucleotides in length, that do not withhold the information 
to encode for proteins but have been shown to be involved 
in the regulation of gene expression on a post-transcriptional 
level (9). miRNAs were first described in C. elegans and 
are highly conserved among animals, humans, plants and  
viruses (10). miRNAs bind via partial complementary 
sequences to 3’ untranslated region (UTR) of the target 
mRNAs and thereby inhibit gene expression (11). Due to 
this partial complementarity, a single miRNA can regulate 
multiple mRNAs simultaneously and on the other hand, 
multiple miRNAs can regulate the expression of a single 
mRNA (12), highlighting that miRNAs are highly suitable 
for fine-tuning of whole networks of genes. In line, in-silico 
prediction algorithms revealed that up to 60% of protein 
coding genes are regulated by miRNAs, underscoring the 
tremendous impact of miRNAs for the regulation of gene 
expression (13,14). 

miRNAs have a cell- and tissue- specific expression. 
They control a broad spectrum of biological processes 
including cell proliferation, differentiation, development, 
metabolism, apoptosis, secretion and viral infection (15-17).  
Deregulation in their expression levels has been linked to 
human diseases such as cancer, diabetes, nervous system 
disorders, cardiovascular diseases, asthma and autoimmune 

diseases (18). The biogenesis of miRNA starts with 
the transcription of miRNA-encoding genes by RNA 
polymerase II to ~3-4 kilobases long primary transcripts 
(pri-miRNAs) (19). Pri-miRNAs are cleaved into ~60-70 nt  
long stem-loop structured precursor miRNAs (pre-
miRNAs) by the nuclear RNase III endonuclease Drosha 
and are exported to the cytoplasm by Exportin-5. In the 
cytoplasm, pre-miRNA cleaves into mature miRNA/
miRNA* duplex by attaching to RNase III Dicer, TAR 
RNA binding protein (TRBP) and Argonaute-2 (Ago-2).  
The miRNA* strand is degraded whereas the mature 
miRNA strand called guide strand is loaded into RNA-
induced silencing complex (RISC) and binds to its target 
gene. Once a miRNA binds to its target gene, either of 
two mechanisms of action occurs: (I) mRNA degradation 
or destabilization; or (II) translation repression (20-22). 
Based on these mechanisms, several algorithms for in-silico 
prediction of targets for a miRNA, including miRanda, 
Pictar, TargetScan, RNA22, PITA, and miRdb were 
developed. These prediction algorithms take into account 
the following parameters: (I) location of miRNA; (II) 
Watson Crick base pairing; (III) thermodynamic properties 
of miRNA: mRNA binding (23).

miRNAs as mediators of inflammation

Chronic inflammatory diseases, deriving from abnormal 
immune response, have complex mechanism that involves 
changes in gene expression in immune cells. The emerging 
role of miRNAs in innate and adaptive immunity strongly 
suggests an association with regulation of inflammatory 
diseases. To date, there are several miRNAs including  
miR-29, miR-133a, mir-155, miR-221, miR-223 or miR-652,  
with a known functional role in specific inflammatory 
diseases such as rheumatoid arthritis, multiple sclerosis, 
cancer, inflammatory bowel disease, inflammatory skin 
disease and inflammatory airway disease (24). Recently, 
a role of miRNAs in liver inflammation and hepatic 
fibrogenesis was also suggested by different authors (25).

miRNAs as modulators of liver inflammation 

Various factors including viral and bacterial infections, 
alcohol abuse, toxins and dietary factors may promote 
liver inflammation. Immune cells and pro-inflammatory 
chemokines play an important role in the regulation of 
the inflammatory response within the fibrotic cascade. 
Monocyte chemotactic protein type 1 (MCP-1) and 
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RANTES stimulate fibrogenesis whereas the opposite effect 
is exerted by IL-10 and IFN-γ (2,26). Pro-inflammatory 
cytokines including TNF, IL-6 and IL-1β are generated 
by leukocytes at the site of injury. Such immune responses 
elicited by the injured liver are also controlled by miRNAs 
(27,28). The compelling evidence for the importance of 
miRNA can be derived from studies using mice with a 
knock-out for Dicer1 (29). In KO-mice of 2-4 months of 
age, AST and ALT levels were significantly higher than in 
littermate controls, along with severe portal inflammation in 
H&E sections of knock-out mice (29). In addition, reticulin 
staining and TUNEL analysis revealed a loss of hepatocytes 
and an increase in apoptotic bodies, respectively. 

miR-122 represents the most abundant liver-miRNA 
and was linked to hepatitis C virus infection and regulation 
of cholesterol synthesis in the liver. Just recently, a role 
of miR-122 has emerged in liver inflammation. miR-
122-deficient mice displayed a phenotype of hepatic 
inflammation, fibrosis, and hepatocellular carcinoma, 
suggesting that miR-122 has an anti-inflammatory role in 
the liver. On a cellular level, knock-out mice showed an 
up-regulation of Ccl2, which resulted in the intrahepatic 
recruitment of CD11bhiGr1+ inflammatory cells, which are 
a major source of cytokines such as IL-6 and TNF during 
liver inflammation (30). 

Besides liver specific miR-122, miRNA-132 has emerged 
as a mediator of inflammation in chronic liver diseases. Up-
regulation of miR-132 was described in the whole liver as 
well as in Kupffer cells isolated from mice after chronic 
ethanol administration (25). Next to miR-132, induction 
in miR-155 expression was reported in Kupffer cells after 
alcohol feeding, and TNF has been identified as a target 
of miR-155 to promote liver inflammation. Moreover, in 
mouse models of NASH miR-155 levels were increased and 
high miR-155 expression was linked with the development 
of HCC in these mice by regulating C/EBP β levels. 
Remarkably, hepatic levels of miR-155 were also increased 
in patients with HCV and were shown to promote HCC 
through Wnt signaling (31). Finally, increased expression 
of miR-155 was described in peripheral monocytes from 
patients with chronic therapy resistant HCV-infection 
whereas no increase was found in patients who responded 
to treatment (32). Unlike miR-155, miR-146a is a negative 
regulator of TLR signaling; it dampens pro-inflammatory 
responses via TRAF6 and IRAK-1. Consistent with its 
negative regulatory role in inflammation, mice deficient in 
miR-146a acquire hyperinflammation and myeloproliferative 
phenotypes owing to hyperactivation of NF-κB (33).

miRNAs as modulators of liver fibrosis

Wound healing and fibrotic remodeling processes during 
liver fibrosis are associated with alterations in hepatic 
miRNA expression patterns. As mentioned above, miR-
122 represents the most abundant liver-miRNA (34) and 
miR-122 is involved in controlling cholesterol synthesis 
and hepatitis C virus (HCV) replication. miR-122 is found 
at significantly lower levels during development of liver 
fibrosis (35-37). The lower levels of miR-122 expression 
are controlled directly by c-Myc oncogene that associates 
with miR-122 upstream promoter region or indirectly by 
HNF-3ß (38). Just recently, inhibition of miR-122 has 
been proposed as a new strategy for antiviral therapy of 
hepatitis C in fibrosis patients. Miravirsen is a 15-nucleotide 
phosphorothioate mixed locked nucleic acid (LNA)/DNA 
oligonucleotide complementary to 5’UTR of miR-122 (39). 
In clinical phase 2a trial, dose-dependent administration 
resulted in a decrease of viral RNA levels in patients with 
chronic HCV infection (40), supporting the use of miRNA-
based strategies in treatment and prevention of liver fibrosis.

Besides miR-122 a whole panel of other miRNAs with a high 
expression in hepatocytes, including miR-125b and miR-22  
were also described to be down-regulated in liver samples 
from patients with liver fibrosis or cirrhosis. Moreover, lower 
expression levels of miR-150 and miR-194 were associated 
with hepatofibrogenesis in a stage dependent manner. Very 
prominently, down-regulation of members of the miR-29 
family as well as miR-19b was recently linked to chronic liver 
inflammation and fibrogenesis in different mouse models 
of liver cirrhosis and different species including the human  
(41-43). Besides these down-regulated miRNAs, miR-21, the 
miR-34 family, members of the miR-199- as well as the miR-
200-family increased (44-46) in fibrotic liver diseases in both 
mouse and human. IL-6/Stat3 binds to 5’ promoter region 
of miR-21 and increases the expression of miR-21 in both 
human hepatocytes and HSC (47).

Recent data suggested that activation and trans-
differentiation of HSC during the myofibroblastic transition 
process is associated with, and at least partially mediated 
by altered miRNA expression (48,49). HSCs are the major 
mesenchymal cells in liver whose activation drives fibrosis 
and the main producer of ECM like collagens, laminin, 
proteoglycans and fibronectin. Exposure to inflammatory 
cytokines, TGFβ and PDGF activate HSC which eventually 
transformed into myofibroblast-like cells secreting large 
amounts of ECM and leading finally to liver fibrosis  
(Tables 1,2 and Figure 1). 
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Table 1 Profibrotic miRNAs

miRNA Models/site of action Function Target genes Reference

miR-33a TGFβ1-induced HSCs (human) ↑ Proliferation of HSCs PPARα (50)

miR-200c HCV-infected liver (human) ↑ cSrc signaling cascade FAP-1 (51)

miR-199a/ 

miR-199a*/miR-199b

CCl4-induced liver fibrosis (human, mouse) ↑ ECM synthesis (46)

miR-34a DMN-induced, CCl4-treated,  

ethanol-mediated ALD (human, mouse) 

↑ Proliferation RXRα, ACSL1, 

CASP2, SIRT1

(52,53)

miR-27a/b Activated HSC (rat) ↑ Lipid accumulation and  

proliferation of HSC

RXRα (49)

miR-21 PDGF-BB induced HSC, HCV-infected  

liver, CCl4-treated (human)

↑ TGFβ signaling PTEN, Smad7 (54,55)

miR-221/222 HCV-infected liver (F3-F4), NASH (F3-F4), 

TAA-induced, HSC, Biliary atresia (human, 

mouse)

↑ Col1A1 and MMP-2 expression;  

↑ p-AKT and cell proliferation

CDKN1B, 

PPP2R2A

(56)

miR-181a/b TGFβ1-induced HSCs (human, rat) ↑ Cell cycle and proliferation p27 (57)

miR-214 HCV-infected liver(F3-F4), MCDD-fed,  

activated HSC (human, mouse)

↑ α-SMA, Col1A1, PDGFR-β, FN1, 

MMP-2, MMP-9, TGFβ1 expression

(58)

Table 2 Antifibrotic miRNAs

miRNA Models/site of action Function Target genes Reference

miR-29 IFNα & TGFβ1 stimulated HSC  

(human, mouse)

↓ ECM synthesis FBN1, ELN1, MMP2, ITGB1, 

Col1a1, Col1a2, Col4a5, Col5a3

(59)

miR-150 Activated HSC, NASH (rat, human) ↓ Activation and proliferation in 

HSC

c-myb, Col4A4, Sp1 (60)

miR-132 Activated HSC from CCl4-treated,  

and BDL-livers (mouse)

↓ PPARγ transcription MeCP2 (61) 

miR-122 NASH,ALD (human) ↓ Proliferation and activation of 

HSCs

P4HA1 (62)

miR-335 Activated HSC (rat) ↓ Cell migration TNC (63)

miR-101 Activated HSC from CCl4-treated 

(mouse)

↓ TGFβ, signaling, apoptosis CTGF, TSP-1, KLF6 (64)

miR-107/ 

miR-449a

HCV (human) ↓ NFκB transcription YKL40, NOTCH-1 (65)

miR-200a/b TGFβ-induced HSC, CCl4-treated 

(mouse, rat, human) 

↓ TGFβ dependent EMT,  

proliferation

ZEB1/2, TGFβ2, β-catenin (66,67)

miR-126 Activated HSC(rat) ↓ Migration of HSC CRK (68)

miR-483 HSC, CCl4-treated (mouse) ↓ TGFβ-induced PDGFβ and 

TIMP2 expression

Socs3 (69)

miR-195 Activated HSC (human) ↓ Cell proliferation CyclinE1 (70)

miR-15b/16 Activated HSC (rat) ↑ Apoptosis Bcl-2 (48)

miR-133 TGFβ-treated HSC (mouse, human) ↑ ECM secretion Col1A1 (71)

miR-146a CCl4-treated, TGF-β1-treated HSCs 

(rat)

↓ Proliferation of HSC SMAD4 (72)

miR-19b Activated HSC (rat, human) ↓ Fibrotic TGF-β signaling TGF-βRII (43)
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Microarray-based analysis on miRNA expression 
in activated HSC from mice and rats revealed whole 
panels of miRNAs deregulated during activation and 
transdifferentiation of these cells. As an example, in 
activated HSCs from rats, 12 miRNAs (miR-874, miR-29c*,  
miR-501, miR-349, miR-325-5p, miR-328, miR-138,  
miR-143, miR-207, miR-872, miR-140, miR-193) displayed 
a significant up-regulation, while 9 miRNAs (miR-341,  
miR-20b-3p, miR-15b, miR-16, miR-375, miR-122,  
miR-146a, miR-92b, and miR-126) were down-regulated (48).  
Of note, only few miRNAs showed a consistent regulation 
between the different studies. Ji et al. identified the miR-27 
family as part of a 15 miRNA signature associated with the 
activation of HSC in rats after 10 days. Inhibition of miR-27 
led to a decrease in cell proliferation and an accumulation of 
cytoplasmic lipid droplets via targeting retinoid X receptor 
α (RXRα) mRNA. On the other hand, silencing of miR-27 
did not affect cell apoptosis or expression of collagen type 
I and α-SMA, underlining the need for further studies to 
clarify the specific role of miR-27 in the pathophysiology of 
liver fibrosis (49). Besides miR-27, overexpression of miR-
335 inhibited rat HSC migration and reduced collagen type 
I and α-SMA via inhibition of tenascin-C (TNC) (63). Cell 
apoptosis promotes the resolution of fibrosis and targeting 
apoptosis of HSC was associated with decrease in liver 
fibrosis. Both the miR-15 and miR-16 family were found 
deregulated in activated rat HSC and were shown to be 
involved in the regulation of HSC apoptosis by targeting the 

anti-apoptotic protein Bcl-2 in case of miR-15 (48) or cyclin 
D1 in case of miR-16 (73). We and others demonstrated 
a stellate cell specific expression of the miR-29 family of 
miRNAs. Activation of HSC was linked to a dramatic and 
specific down-regulation of all three members of this family 
and associated with an increase in ECM production (42,59), 
thus providing a potential target for a cell specific therapy of 
hepatofibrogenesis. 

In the following part we summarize the role of 
prominent miRNAs in liver fibrosis.

miR-29 family

The miR-29 family consists of miR-29a, miR-29b, miR-29c 
that differs by only two or three bases. The first description 
of miR-29 in fibrotic diseases was delivered by van Rooij 
et al., demonstrating that miR-29s were down-regulated 
in a model of cardiac fibrosis (74). Regarding liver fibrosis, 
Ogawa et al. (75) provided the first line of evidence that 
miR-29b is down-regulated in activated mouse HSCs and 
regulates collagen expression via its interaction with Col1A1 
3'UTR. Overexpression of miR-29b suppressed Col1A1 
expression and prevented the up-regulation of collagens 
in TGF-β1 stimulated HSCs. By using unbiased miRNA 
profiling on RNA extracts from livers CCl4-treated mice we 
demonstrated that all three members of the miR-29 family 
were down-regulated and correlated with the degree of 
liver fibrosis. These results could be confirmed in different 

Figure 1 Key miRNAs in fibrogenetic events. The key event involving activation of quiescent HSC requires profibrotic miRNAs (miR-
199 or miR-34a). Several antifibrotic miRNAs (miR-29, miR-133 or miR-335) inhibit the synthesis of extracellular matrix proteins. HSC, 
hepatic stellate cell.
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models of liver fibrosis and were independent of the mouse 
strain analyzed. 

Moreover, down-regulation of miR-29 was not only 
limited to the above models as patients with HCV-infection 
and consecutive fibrosis demonstrated a significant down-
regulation of miR-29 in their livers. HCV induces an 
inflammatory response and in line we and others found a 
significant down-regulation of miR-29 in LPS-stimulated 
HSC and primary hepatocytes, which suggests that, 
besides pro-fibrotic TGF-signaling also pro-inflammatory 
pathways contribute to the regulation of miR-29 (42,59,75). 
Yet another study showed the counteracting effects of pro-
fibrotic TGFβ and anti-fibrotic HGF on miR-29 expression 
levels in HSC. Finally, other pro-fibrogenic growth factors 
such as PDGF-C and IGF-A are repressed in miR-29 
overexpressed primary HSC as well as myofibroblastic 
HSC-T6 cells, placing miR-29 into a crucial position in the 
network of pro- and anti-inflammatory mediators regulating 
liver fibrosis. Besides a regulation by these classical 
inflammatory of fibrotic mediators, an up-regulation in 
miR-29-expression was described after stimulation with 
estradiol. Interestingly, female mice, displaying higher 
intrahepatic miR-29 levels are more resistant to induction of 
liver fibrosis in the CCl4 model when compared with male 
mice. Estradiol levels are regulated by pro-inflammatory 
t ranscr ipt ional  factors  such NFκB and STAT-1,  
thus providing a functional link between inflammatory 
and fibrotic pathways (76). Finally, miR-29c was also 
found down-regulated in mouse models of NASH (45), 
highlighting the prominent role of this miRNA in chronic 
liver diseases. 

In summary, miR-29 is probably the best characterized 
miRNA in murine liver fibrosis integrating both pro-
fibrotic and inflammatory signals in HSC to modulate 
fibrogenesis, thus representing a promising candidate for 
therapeutic strategies against liver fibrosis.

miR-133a

Alterations in miR-133a, a member of the miR-1/miR-
133 cluster of miRNAs, were recently described in 
inflammatory diseases and sepsis as well as in a setting 
of vascular and cardiac remodeling (77,78). Moreover, it 
was shown that delivery of miR-1/miR-133 into skeletal 
muscle promoted muscle regeneration and prevented scar 
formation (77). In liver fibrosis miR-133a expression did 
not vary when levels were compared between full livers 
from CCl4 treated and control animals. However, miR-133a 

was significantly down-regulated in human and murine 
HSC during fibrogenesis as well as in cardiac fibroblasts of 
fibrotic hearts. Treatment of primary murine and human 
HSC or fibroblasts with TGF-β resulted in a significant 
down-regulation of miR-133a in these cells. In turn, 
overexpression of miR-133a led to decreased expression of 
collagens, suggesting a direct role of miR-133a in activation 
of fibroblasts/HSC during organ fibrosis. Finally, miR-133a 
was described as a potential serum marker for development 
and progression of liver cirrhosis (71).

miR-150

Microarray analysis performed on HSC isolated from bile 
duct ligation (BDL) in rats, revealed a significant down-
regulation of miR-150. In these cells, overexpression of 
miR-150 was linked to cell proliferation and apoptosis. 
Moreover, overexpression of miR-150 in human HSC cells 
lowered the expression of α-SMA, one of the markers of 
stellate cell activation along with different collagens via 
inhibiting its target proto-oncogene c-myb (60). Another 
study revealed a down-regulation of miR-150 upon 
stimulation of human HSC with TGF-β1 in a dose- and 
time-dependent manner. These data suggest a role of miR-
150 as an anti-fibrotic miRNA by inhibiting activation of 
HSCs during chronic liver diseases (79). 

miR-34a

The miR-34 family is composed of miR-34a, miR-34b and 
miR-34c. The first piece of evidence of the role of miR-
34a in hepatic fibrosis comes from dimethylnitrosamine 
(DMN)-induced liver fibrosis in rats where miR-34 family 
was upregulated. The direct target gene of miR-34a, 
ASCL1 was suppressed during the development of hepatic  
fibrosis (80). Microarray analysis identified upregulated 
miR-34a expression in ethanol-exposed liver tissues 
compared to normal tissues. Overexpression of miR-34a 
increased the proliferation, migration and transformation 
of hepatic cells with ethanol treatment. These effects are 
mediated through direct target genes, CASP2 and SIRT1 
that may be involved in tissue remodeling during disease 
progression from normal liver through cirrhosis to HCC (52).  
p53 activation upregulated miR-34a expression by negatively 
regulating RXRα in human fibrotic livers (53). The upstream 
transcriptional target of miR-34 is tumor suppressor p53 that 
may mediate cell cycle arrest (81). Furthermore, serum level 
of miR-34a was significantly higher in CHC and NAFLD 
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patients, indicating novel and noninvasive biomarker of 
diagnosis (82).

miR-199/miR-200

The miR-199 family consists of miR-199a and miR-199b 
differing by only one nucleotide. Microarray analysis 
identified higher expression of miR-199a-5p, miR-199b 
and miR-199b* in CCl4 –treated mice and human chronic 
hepatitis C liver tissues compared to controls. Interestingly 
up-regulation of miR-199 was indicative for progression 
of chronic liver injury into liver fibrosis and advanced  
cirrhosis (46). In line, LX-2 cells treated with TGF-β 
demonstrated an up-regulation of different members of 
the miR-199 family (42,46). A similar phenotype was also 
described by Pottier and colleagues (83) demonstrating that 
miR-199a-5p is critically involved in the development of 
cardiac and lung fibrosis by down-regulating Stathmin1. 

Similarly, the miR-200 family (miR-200a, miR-200b) was 
over-expressed in CCl4-treated mice and linked to diseases 
progression in humans (84). It is also shown that miR-200b 
was up-regulated in livers of mice fed with methyl-deficient 
diet with consequent down-regulation of Zeb1 mRNA  
level (44). This results determine the differential expression 
of miRNAs are susceptible to NASH development.

miRNAs as circulating biomarkers for liver 
inflammation and fibrosis

Besides being involved in the regulation of gene expression, 
increasing evidence for a role of miRNAs as blood based 
biomarkers for different diseases states emerged in the last 
years. miRNAs can also been detected and quantified in the 
blood, as well as in plasma and serum, saliva and urine (85). 
Due to their small size and their specific structure, circulating 
miRNAs are extraordinarily stable towards conditions that 
usually would degrade most RNAs. Therefore, in contrast 
to proteins miRNAs are more resistant against degradation 
and are thus regarded as “optimal” biomarkers with a high 
degree of stability against most biasing influence (86,87). 
In the liver, it was demonstrated that various miRNAs (e.g., 
the miR-21 and miR-29 family, miR-223 and miR-571) are 
strongly correlated with the degree of liver cirrhosis while 
other miRNAs such as miR-652 reflects the presence of 
liver inflammation (25,88,89) or ongoing liver damage (90). 
The role of circulating miRNAs as biomarkers for liver 
inflammation and liver fibrosis is extensively reviewed in 
(20,25,91). 

Conclusions

The data reviewed here suggest a key position for miRNAs 
in the regulation of liver inflammation and liver fibrosis. 
Based on these findings, miRNAs may be interesting 
candidates to develop future strategies to identify, prevent 
or treat hepatic fibrosis. However, we have just started to 
understand the role of miRNAs networks in the process of 
hepatic fibrogenesis, and more functional studies are needed 
to identify the role of miRNAs in the pathophysiology of 
chronic liver injury, liver inflammation and hepatic fibrosis. 
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