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Abstract 

Liver fibrosis is highly prevalent in United States. No therapy has been successful to cure it so far. The current approaches 

in treatment are to prevent its causative etiology such as viral infection, alcohol abuse etc. or liver transplantation. Much 

progress has been made to understand the mechanisms for development of myofibroblasts in developing fibro genesis, 

inflammation and cell death. This review summarizes some of the key aspects of liver fibrosis and some novel therapies 

that have a potential to become a cure. 
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Introduction 

     Liver fibrosis is a consequence of chronic liver injury, 
viral infection, alcohol abuse, toxins, nonalcoholic 
steatohepatitis (NASH), cancer growth, immune related 
processes and other factors [1]. It basically results in the 
excessive accumulation of extracellular matrix (ECM) in 
the liver thereby causing chronic damage to the liver [2]. 
It is estimated that around 3.9 million people in United 
States are suffering from chronic liver disease. There are 
around 12 deaths for every 100,000 population [3]. There 
is no cure for liver fibrosis yet. The only option for 
patients with advanced stage of liver fibrosis is liver 
transplantation. However, the biggest challenge with liver 
fibrosis is that it remains mostly unnoticed especially in 
patients with Nonalcoholic fatty liver disease (NAFLD). 
Liver biopsy is typically done to assess the condition of 

the liver. Scientists have come up with different systems 
of classification to score or grade the level of 
inflammation or fibrosis and the stage of liver fibrosis [4-
11]. Out of these the French METAVIR, the Batts-Ludwig, 
the International Association for the Study of the Liver 
(IASL) and the Ishak Scoring systems are commonly used 
to assess the grade of inflammation and the stage of liver 
fibrosis [11]. Off late non-invasive diagnostic tests 
coupled with various imaging techniques are considered 
to be beneficial in diagnosing liver fibrosis/ cirrhosis and 
can reduce the need for performing biopsies [12]. Also, 
these methods can help in early diagnosis of fibrosis 
which is beneficial for treating it [13]. 
 
     Liver fibrosis is considered as the healing process of 
the liver following of its injury. This however leads to 
formation of permanent scarring to the liver which can 
further advance to cirrhosis, liver failure and portal 
hypertension [14]. Scarring prevents effective liver 
regeneration and hinders normal liver function [1]. The 
term fibrosis basically defines the effect of inflammation 
on liver. Inflammation and cell death are the key 
parameters playing a major role in the onset of liver 
fibrosis [15]. But it is important to note that it’s the liver 
fibrosis that generally progresses to cirrhosis and is the 
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major cause of morbidity. Hence, it is very important to 
understand the etiology and pathogenesis of fibrosis to 
develop a proper therapy or prevent its progression to 
irreversible cirrhosis. Liver fibrosis results in the 
excessive accumulation of extracellular matrix (ECM). 
This is mainly due to the hepatic stellate cells (HSCs) 
getting activated, resulting in inflammation of hepatocytes 
causing excessive accumulation of Type I collagen and 
ECM. These activated HSCs are major source of 
myofibroblasts and these are effector cells of fibro 
genesis, followed by portal fibroblasts [16,17]. 
Myofibroblasts further cause increased synthesis of type I 
and III fibrillar collagen resulting in accumulation of ECM 
[18]. Myofibroblasts lead to accumulation of ECM by 
secreting cytokines like transforming growth factor-beta 
(TGF-β1), tumor necrosis factor-alpha (TNF-α), 
interleukin-1 beta (IL-1β), interferon gamma (IFN-γ)etc. 
along with chemokines such as CCL-2, CCL-5, CXCL-10 and 
other growth factors. Hepatocyte death due to liver injury, 
viral infection or other causes is considered to be the 
main inducer of inflammation and liver fibrosis. Any 
injury to the liver due any of the factors mentioned above 
can lead to macrophages, NK cells, platelet derived factors 
that activate HSCs and subsequently cause inflammation, 
cell death and fibrosis. Liver sinusoidal endothelial cells 
(LSECs) can also activate HSCs in fibrotic liver [15]. This 
has been evident in bile duct ligated animal fibrotic 
models.  
 

Liver Fibrosis Therapy 

     There are several potential therapies aimed at several 
targets including liver injury, inflammation, prevention of 
activation of HSCs, prevention of apoptosis of 
hepatocytes, inhibiting proliferation of HSCs, stimulating 
the degradation of ECM, interruption of ECM 
accumulation, inhibiting type I collagen etc. Other 
approaches such as treating the viral infection, prevention 
of alcohol abuse etc. can also lead to cure/reversal of 
fibrosis and lead to proper regeneration of liver.  
 
     We have used a triplex forming oligonucleotide (TFO) 
that will inhibit the type α1 (I) collagen. Common Bile 
duct ligation (CBDL) is the most frequently used method 
in developing fibrosis. Biliary fibrosis can be occurred 
either due to biliary atresia or primary sclerosing 
cholangitis. The injury to the bile duct by performing BDL 
may trigger a chain of events such as release of 
inflammatory cytokines, chemokines and LSECs etc., 
resulting in the development of fibrosis. Further the 
biliary epithelial cells would get transformed into 
mesenchymal cells (EMT) resulting in the proliferation of 
myofibroblasts. We have evaluated the use of TFOs 

inhibiting Type α1 (I) collagen in attenuating fibrosis 
induced by bile duct ligation. CBDL results in the 
transformation of biliary epithelial cells (BECs) to α -
smooth muscle act in (α-SMA) expressing myofibroblasts. 
Treatment with TFO showed a significant reduction in the 
TGF-β1 levels and other pro-inflammatory cytokines. 
There was also a decrease in the α-SMA levels in the TFO 
treated group compared to the non-treated CBDL group 
suggesting that the inhibition of collagen can also lead to 
down regulation of α-SMA levels. TFO treatment 
successfully inhibited the transcription of Type I collagen, 
showed depreciation of fibrosis, attenuation of EMT in 
bile duct ligated animal models [18]. We have also used 
hedgehog inhibitors (cyclopamine and GDC-0449) that 
were successful in attenuating liver fibrosis in BDL rats 
[19,20]. Mahato, et al. have used a hedgehog inhibitor 
GDC-0449 and micro RNA (miR-29b1) simultaneously to 
treat liver fibrosis. Mir-29b1 selectively targets 
profibriotic genes and their use showed decreased 
collagen levels, enhanced hepatoprotection in CBDL 
induced liver fibrosis in mice [21]. 
 
     TGF-β1 silencing using a siRNA showed promise in 
mitigating liver fibrosis. Specific targeting of TGF-β1 
mRNA with small interfering RNA (siRNA) and short 
hairpin RNA (shRNA) in hepatic stellate cells (HSC-T6), 
showed a significant inhibition of TGF-β1, tissue inhibitor 
of metalloproteinase 1 (TIMP-1), α-smooth muscle act in 
(α-SMA) and type I collagen expression [22]. This can be 
an alternative strategy to inhibit various inflammatory 
cytokines that have been elucidated to show a major role 
in the development of liver fibrosis. To corroborate the 
significance of TGF-β1 in activation of hepatic stellate 
cells, it has been recently shown that gremlin-1, one of the 
target genes of TGF-β1 signaling pathway has shown to 
enhance the activation of HSCs through over expression of 
TGF- β [23]. NOD-like receptor family CARD domain 
containing 5, (NLRC5) has shown to up regulate liver 
fibrosis by TGF-β1/Smad and nuclear factor–kappa B (NF-
κB) signaling pathways [24]. Benz et al have shown that 
micro RNAs miR-30 and miR-193 play a role in activating 
the HSCs by regulating TGF- β expression [25]. However, 
these are relatively new therapies and much more studies 
have to done to ascertain their beneficial effects. 
 

Conclusion 

     Liver fibrosis is a difficult disease to cure. It is still 
unknown when liver fibrosis would become irreversible. 
There are so many factors at play because of which 
targeting one aspect of the disease is not sufficient. It is 
important to have a connection between the pathways of 
inflammation, cell death and liver fibrosis. Much progress 
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has been made in developing antifibrotic therapies [26] 
and hopefully it will lead to a cure in nearby future. By 
using a combinatorial therapy of hedgehog inhibitors and 
gene therapy to specifically target and inhibit 
inflammatory genes can probably help in mitigating liver 
fibrosis. 
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