
INTRODUCTION
Hepatic fibrosis is a wound-healing process after chronic 
liver injury, and is characterized by the activation of  
hepatic stellate cells (HSC) and excess production of  
extracellular matrix (ECM) components. The activation 
of  HSC involves the transdifferentiation from a quiescent 
state into myofibroblast-like cells with the appearance of  
smooth muscle α-actin (SMA) and loss of  cellular vitamin 
A storage [1]. The activated HSC are distinguished by 
accelerated proliferation and enhanced production of  ECM 
components. Cross-talks between parenchymal and non-
parenchymal cells constitute the major interactions in the 
development of  hepatic injury and fibrosis. Soluble factors, 
such as cytokines, chemokines or reactive oxygen species 
(ROS) are the intermediates in these cross-talks, and are 
possible targets for therapeutic consideration. A schematic 
illustration shown in Figure 1 represents the major 
cascades of  the injury process, including the interactions 
between damaged hepatocytes and Kupffer cell activation, 
proliferation and activation of  HSC, and the excess 
production of  ECM components during hepatic fibrosis. 
Along with these cascades, possible molecular therapeutic 
targets are provided in italics. From our improved 
understanding of  the mechanisms underlying liver injury 
and fibrosis, key steps, such as signaling, activation, and 
gene expression in specific cell types of  the liver, have 
been targeted by molecular modalities[2,3]. However, various 
molecular therapeutic approaches carry advantages and 
disadvantages and patient safety is the primary concern 
in considering the use of  novel modalities[4]. Thus, people 
may ask: “What is the current status of  molecular therapy 
for hepatic injury and fibrosis?” “How far from now these 
novel modalities will be possibly utilized in patients?” This 
concise review intends to answer these questions. 

TARGETING SPECIFIC MOLECULES OR 
PATHWAYS 
Inhibition of hepatocellular apoptosis
Chronic hepatocellular death via necrosis and/or apoptosis 
initiates inflammatory responses and hepatic fibrogenesis. 
Ideally, hepatocytes regenerate and replace dying cells; 
however, hepatocellular regeneration in chronic liver 
injury is often inhibited due to the imbalance of  growth 
factors and distortion of  liver architecture and circulation. 
Cellular debris and apoptotic bodies accumulate and 
initiate inflammatory responses, which may form a self-
amplifying loop that further compromises recovery from 
injury, and facilitates the fibrogenic process[5]. HSC may 
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Abstract
Hepatic fibrosis is a wound healing response, involving 
pathways of inflammation and fibrogenesis. In response 
to various insults, such as alcohol, ischemia, viral agents, 
and medications or hepatotoxins, hepatocyte damage 
will cause the release of cytokines and other soluble 
factors by Kupffer cells and other cell types in the liver. 
These factors lead to activation of hepatic stellate cells, 
which synthesize large amounts of extracellular matrix 
components. With chronic injury and fibrosis, liver 
architecture and metabolism are disrupted, eventually 
manifesting as cirrhosis and its complications. In 
addition to eliminating etiology, such as antiviral therapy 
and pharmacological intervention, it is encouraging 
that novel strategies are being developed to directly 
address hepatic injury and fibrosis at the subcellular and 
molecular levels. With improvement in understanding 
these mechanisms and pathways, key steps in injury, 
signaling, activation, and gene expression are being 
targeted by molecular modalities and other molecular or 
gene therapy approaches. This article intends to provide 
an update in terms of the current status of molecular 
therapy for hepatic injury and fibrosis and how far we 
are from clinical utilization of these new therapeutic 
modalities. 
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engulf  the apoptotic bodies, which has been demonstrated 
in vitro, and phagocytosis of  apoptotic bodies by quiescent 
HSC facilitates the phenotypic transdifferentiation to 
myofibroblasts[6]. Activated HSC with engulfed apoptotic 
bodies were identified in a rat model of  bile-duct ligation 
and liver biopsy specimens from HCV infection[7].

Tumor necrosis factor-α (TNF-α) (via TNF-receptor-1) 
can initiate apoptosis[8,9]. This extrinsic pathway is signaled 
through cell surface death receptors[9], including Fas (also 
known as CD95), TNF-α-receptor-1, and TNF-α-related-
apoptosis-inducing-ligand receptors 1 & 2 (TRAIL-R1 and 
R2). Examples of  this extrinsic pathway of  programmed 
cell death include autoimmune hepatitis, viral hepatitis[10,11], 
chronic alcohol consumption, D-galactosamine (GalN) 
plus lipopolysaccharide (LPS)-induced acute liver injury, 
and ischemia/reperfusion-associated liver injury. In these 
forms of  injury, cytotoxic cytokines or chemokines play a 
crucial role in the mediation of  the injury process[12-18]. In 
contrast to the extrinsic apoptotic pathway, the intrinsic 
pathway is based on damage or dysfunction of  intracellular 
organelles, such as lysosomes, endoplasmic reticulum, 
nucleus and mitochondria[19]. This mechanism involves 
changes in membrane permeability and integrity of  the 
subcellular organelles. Examples are that damage to nuclear 
or mitochondrial DNA can initiate apoptosis, and that 
the release of  cytochrome C from miochondria triggers 
apoptotic cascades. This intrinsic pathway of  programmed 
cell death is often seen in drug toxicity or hepatotoxin-
induced liver injury, such as acetaminophen overdose, 
alcohol toxicity, etc[18,20].

Inhibiting apoptosis will alleviate liver injury, and in 
turn, delay or stop the progression of  hepatic fibrosis. 
Molecular therapy has specifically targeted various steps 
in the apoptosis pathway including inhibition of  cell 
death receptors, mediators of  the apoptosis cascade, 
and regulation of  the apoptosis cascade. One target is to 
inhibit Fas receptor expression, which signals the initiation 
of  the apoptosis cascade. Another possible target includes 
inhibition of  caspase expression. Caspases are proteolytic 

enzymes classified according to their function into ICE-
like caspases (caspase 1, 4, 5, 13), death signaling or 
initiator caspases (caspase 2, 8, 9, 10), and death effector 
or executioner caspases (caspase 3, 6, 7). 

Zhang et al[21] employed antisense oligodeoxynucleotide 
(ODN) ISIS 22023, specific for mouse Fas to prevent Fas 
ligand (Jo2 or CD95)-induced fulminant liver failure and 
mortality. Antisense ODN treatment reduced Fas mRNA 
and protein expression in the liver by 90%, and completely 
prevented mortality which was 100% in the control group 
with extensive hepatocyte apoptosis and liver hemorrhage. 
In a separate study, Song et al[22] evaluated small interfering 
RNA (siRNA) against Fas for its ability to inhibit apoptosis 
and protect the liver in the same animal model. siRNA 
against the Fas receptor was administered via tail vein 
injection, which led to 88% of  uptake by hepatocytes. The 
injection decreased Fas mRNA expression by 8 to 10-fold 
when compared to controls, and the decline in Fas mRNA 
and Fas protein was sustained for up to 10 d. Control mice 
displayed bridging fibrosis, whereas mice receiving anti-Fas 
siRNA injections had no evidence of  necrosis or fibrosis. 
Mice treated with Fas-specific siRNA also had an improved 
mortality. Eighty-two percent of  mice survived over 10 d 
of  observation, whereas all control mice died within 3 d of  
lethal challenge with Jo2. Thus, both studies demonstrate 
that the inhibition of  Fas receptor synthesis by either 
specific antisense ODN or siRNA protects animals from 
Jo2-induced fulminant liver failure and mortality[21-22]. 

Regulators of  apoptosis in the Bcl-2 family have 
also been targeted with molecular approaches. Bcl-2 is 
a member of  the proto-oncogene family, which blocks 
cytochrome C release during apoptosis signaling. Several 
gene products in the Bcl-2 family inhibit apoptosis, 
including Bcl-xL, Bcl-w, A1, Mcl-1 and Boo, whereas 
others, such as Bax, Bak, Bok, Bik, Bad and Bid, promote 
apoptosis[23]. Zhang et al [24] evaluated effects of  the 
antisense against Bcl-xL (ISIS16009) and Bid on Jo2-
induced fulminant liver failure in mice. Pre-administration 
of  ISIS16009 reduced liver Bcl-xL expression, potentiated 
liver apoptosis and increased lethality in this mouse model 
of  Fas-mediated fulminant hepatitis. Antisense ODN 
against Bid caused an 80% decrease in Bid expression. The 
reduction of  Bid expression by the antisense treatment 
protected mice from Fas-mediated fulminant hepatitis and 
death with 100% survival in treated mice[24]. Therefore, Bid 
seems to be a reasonable target for reducing liver injury in 
which apoptosis is a predominant pathway of  cell death, 
such as Fas ligand-induced acute liver injury.

Caspase 8 is a downstream target of  death receptors 
and is important in the mediation of  apoptosis by Fas 
and TNF-α. Zender et al[25] evaluated the effects of  siRNA 
against caspase 8 in acute liver damage induced by Jo2 
and adenovirus expressing Fas ligand (AdFasL). siRNA 
against specific caspase 8 target sequences was transfected 
into Hep G2 cells, and the transfected cells were further 
infected with AdFasL. Their results confirmed that the 
inhibition of  caspase 8 by siRNA prevented Fas-mediated 
apoptosis in Hep G2 cells. The animal experiments 
involved siRNA delivery and administration of  Fas 
antibody or AdFasL. The siRNA delivery resulted in 
a greater than 3-fold reduction in caspase 8 mRNA 
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expression. Improved survival was significant even when 
caspase 8 siRNA was administered during ongoing acute 
liver failure. In addition, the study is of  particular interest 
in that caspase 8 siRNA treatment was successful not only 
in acute liver failure mediated by specific Fas agonistic 
agents (Jo2 and AdFasL), but also in acute liver failure 
caused by an injection of  a large amount of  wild-type 
adenoviruses. 

Transforming growth factor-β (TGF-β)
TGF-β is the most potent cytokine for enhancing hepatic 
fibrogenesis. It suppresses hepatocyte proliferation, 
st imulates the activation of  HSC, promotes ECM 
production, and mediates hepatocyte apoptosis[26]. Smad3 
(a transcriptional factor in TGF-β receptor downstream 
signal transduction) knock-out mice did not develop 
hepatic fibrosis[27]; while, transgenic mice overexpressing 
TGF-β1 developed hepatic fibrosis faster than wild type 
mice, and the fibrosis regressed slower after the withdrawal 
of  the fibrogenic agent[28-30]. Many different strategies 
of  molecular therapy have focused on the inhibition of  
TGF-β effects by blocking its synthesis, using TGF-β 
binding proteins, soluble receptors, or targeting its 
downstream signal transduction pathways.

Qi et al[31] evaluated adenoviral expression of  truncated 
TGF-β receptor type II to abolish TGF-β signaling in liver 
fibrosis mediated by dimethylnitrosamine (DMN). DMN 
induces fatty degeneration of  hepatocytes, activation of  
HSC, macrophage infiltration and secretion of  TGF-β. 
Sprague-Dawley rats were given a single infusion of  
adenoviral vectors (AdCATβ-TR) encoding the TGF-β 
receptor II gene (TGF-βRII) via portal vein injection.  A 
greater than 20-fold increase in truncated receptor mRNA 
expression with the adenoviral gene delivery was detected 
in animals after the TGF-β receptor type II gene delivery 
with adenoviral vectors. The gene delivery improved the 
animal mortality, decreased liver hydroxyproline content 
by 3.4-fold, hyaluronate levels by nearly 20-fold, AST by 
100-fold, and ALT by 63-fold. Less hepatocyte injury 
and fibrosis with a decreased infiltration of  monocytes/
macrophages and reduced semiquantitative score of  fibrosis 
in histopathology were reported, which was consistent with 
decreased gene expression of  collagen type I, fibronectin, 
smooth muscle α-actin (SMA), and TGF-β1 in the treated 
animals. Yata et al[32] administered a soluble TGF-β type II 
receptor (STR) protein in CCl4-induced liver fibrogenesis 
in BALB/c mice. Elevated STR levels were associated with 
a reduction in procollagen type I mRNA expression in the 
mouse liver. In the 8-wk study, lower concentrations of  
STR had the greatest effect on procollagen type I mRNA 
expression. Quantitative morphometrics showed that lower 
concentrations of  STR were the most anti-fibrogenic. These 
findings verified the antifibrotic effect of  inhibiting TGF-β 
in chronic hepatic injury.

Tumor necrosis factor-α (TNF-α)
TNF-α is a key cytokine involved in many forms of  liver 
injury, and may play a crucial role in HSC activation and 
hepatocyte regeneration[33-34]. The major cell type for 
TNF-α production in the liver is Kupffer cells which 
release TNF-α when activated by factors released by 

damaged hepatocytes, and by ROS occurrence. TNF-α 
participates in the second phase of  hepatocellular damage 
via apoptosis and TRAIL receptor activation in alcoholic 
or other hepatotoxin-induced liver injury[35]. It acts on 
HSC, and may contribute to the activation process[36]. 
Accordingly, reducing TNF-α production, or blocking its 
action will significantly minimize liver injury caused by 
alcohol toxicity, acetaminophen overdose, or ischemia/
reperfusion-associated liver injury in animal models[35, 37].

Ponnappa et al [38] has developed a pH-sensitive 
l iposomal formulation consisting of  phosphatidyl 
ethanolamine, cholesteryl hemisuccinate, and cholesterol 
in a specific ratio (7:4:2), to deliver antisense ODN 
against TNF-α. This liposomal formulation, which is 
characterized by its feature of  lysosomal resistance, helps 
release encapsulated-antisense ODN (TJU-2755) into the 
cytoplasm of  Kupffer cells. Rats that received pretreatment 
with liposome-encapsulated TJU-2755 had a decreased 
expression of  TNF-α mRNA and TNF-α secretion in 
response to LPS challenge. In subsequent studies, the 
in vivo efficacy of  TJU-2755 was assessed against LPS-
induced liver damage in ethanol-fed rats[39]. Liver damage 
was induced in male Lewis rats fed an ethanol-containing 
liquid diet for 8-10 wk followed by an intravenous injection 
of  LPS. Pretreatment of  the animals with TJU-2755 
encapsulated in pH-sensitive anionic liposomes prevented 
liver damage by 60-70%, as assessed by the release of  liver 
enzymes and histology. These results indicate that pH-
sensitive, anionic liposomes can be used to effectively 
deliver TNF-α antisense ODN against TNF-α-mediated 
liver injury[39]. 

Platelet-derived growth factor (PDGF)
PDGF is the most potent mitogen for HSC with effects in 
growth stimulation, chemotaxis, and intracellular signaling. 
PDGF expression is upregulated in hepatic injury, as are 
PDGF receptors in activated HSC. The tyrosine kinase 
activity of  PDGF receptors signals through PI-3K, Ras, 
Raf-1, and ERK, leading to nuclear translocation and 
activation of  nuclear transcription factors[40]. Interrupting 
PDGF signal effects with specific agents inhibiting 
tyrosine phosphorylation, or interrupting down-stream 
signal transduction pathways attenuates hepatic fibrosis by 
preventing proliferation and chemotaxis of  HSC in vitro 
and in vivo[40]. Selectively targeting the PDGF receptor by 
specific antibodies or agents has been considered to be 
a valuable strategy to block the progression of  hepatic 
fibrogenesis[41-42].

Borkham-Kamphorst et al [43] cloned a chimera of  
PDGF receptor type β gene, fused to the IgG-Fc domain 
of  human immunoglobulin, into an adenoviral vector. The 
gene product, soluble PDGF receptor, has a high ligand 
binding capacity, 100 to 1000-fold higher than that of  
extracellular monomeric PDGF receptors. The effects of  
soluble PDGF receptor gene therapy on PDGF-induced 
DNA synthesis, tyrosine autophosphorylation, and 
activation of  ERK, P13K, and protein kinase B in HSC 
were evaluated in vitro. The in vitro studies with rat HSC 
transfected with AdsPDGFR showed decreased levels of  
PDGF-BB mRNA and thrombospondin-1 with lowered 
expression of  collagen type I mRNA. The receptor gene 
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delivery, however, did not affect levels of  SMA or desmin 
levels in HSC, indicating that it did not significantly affect 
the HSC activation[43]. In their subsequent study, antisense 
against PDGF β-chain incorporated into adenoviral vector 
serotype 5 (Ad5-CMV-PDGF) was transduced in cultured 
rat HSC[44]. The antisense clearly exhibited the ability to 
down-regulate endogenous PDGF β-chain and PDGF R-β 
mRNA as well as procollagen type I gene expression in 
culture-activated HSC and rat livers[44].

Kupffer cells
Due to the critical role of  Kupffer cells in the mediation 
of  liver injury and fibrogenesis, inhibiting Kupffer cell 
activity has been proposed as a means to reduce liver 
injury. Ogushi et al[45] modulated Kupffer cell function by 
administering double stranded antisense ODN targeting 
NF-κB, the p65 subunit. The mice were first sensitized 
with intraperitoneal injection of  heat killed Propionibacterium 
acnes. Phosphorothioate modified antisense ODN was 
delivered with hemagglutinating virus of  Japan (HVJ)-
liposomal complexes via portal vein injection on d 4 and 
7 after P acnes priming challenge. The treated mice also 
had decreased levels of  activated NF-κB translocation as 
shown by p65 staining. Then, the mice were injected with 
LPS and sacrificed later. The HVJ-liposome-mediated 
antisense ODN against NF-κB significantly improved 
animal survival, and the mortality was decreased to 15% in 
mice treated with NF-κB decoy ODN as compared to 90% 
in control mice that died within 24 hours. The treatment 
with decoy antisense ODN against NF-κB also suppressed 
the production of  proinflammatory cytokines (IL-1β, 
TNF-α, IL-18, and IL-12) by Kupffer cells and decreased 
mRNA expression of  IFN-γ and Fas-L. Less infiltration 
of  inflammatory cells and destruction of  sinusoidal 
architecture were documented by histopathology in the 
animals treated with antisense ODN against NF-κB[45].

REACTIVE OXYGEN SPECIES AND FREE 
RADICAL SCAVENGERS
Oxidative stress is an important mechanism in liver 
injury. ROS include superoxide anions, hydroxyl radicals, 
hydrogen peroxide, and hydroxyethyl radicals (HER), 
and are generated from a variety of  insults such as drug/
toxin metabolites, ischemia/reperfusion, and alcohol 
metabolism. ROS are involved in necrosis and apoptosis of  
hepatocytes, and contribute to HSC activation[2,46]. Several 
major classes of  free radical scavengers, such as superoxide 
dismutase (SOD), catalase, and glutathione peroxidase 
(GSH-P), as well as SOD mimics, were investigated in 
various forms of  liver injury, and they afforded effective 
protection against the oxidative insults to the tissue[47-48].

Three i sofor ms of  SOD ex i s t . Copper/Zinc 
(Cu/Zn) SOD is localized to the cytosol and nucleus, 
manganese (Mn) SOD is localized to the mitochondria 
and, extracellular (EC) SOD is primarily localized to the 
interstitial matrix. We employed polycationic liposomes 
previously formulated by our group with polycationic 
lipids (PCL)[49] to deliver the EC-SOD gene for the 
prevention of  acute liver injury[50]. Our in vitro experiments 
showed that transfection of  the EC-SOD plasmid in 

Hep G2 and Hep3B cells led to an increase in SOD 
activity in cell culture medium. Transfected cells were 
more resistant to the exposure of  superoxide anions 
generated by hypoxanthine and xanthine oxidase, and 
to HER by an HER-generating system. We employed 
polycationic liposomes to deliver the human EC-SOD 
gene via portal vein injection in mice[50]. Two days after 
the gene delivery, a 55-fold increase in human EC-SOD 
gene expression was detected. When mice receiving the 
EC-SOD gene delivery were challenged with GalN and 
LPS, their serum ALT levels were much lower than those 
receiving control vector delivery, whereas their serum 
SOD levels were higher. Moreover, liver levels of  the 
reduced form of  glutathione (GSH) were preserved, and 
lipid peroxidation products, malondialdehyde (MDA) and 
4-hydroxyalkenal (HAE) were reduced. Liver histology 
confirmed the effectiveness of  the gene delivery. Thus, the 
overexpression of  the human EC-SOD gene protected the 
mice from hepatotoxin-induced liver injury[50]. Laukkaen et 
al[51] achieved similar results when adenovirus-derived EC-
SOD was delivered to prevent acetaminophen-induced 
acute liver injury in mice. Delivery of  the Cu/Zn-SOD 
gene by adenoviral vector was also shown to protect rats 
from alcohol-induced liver injury[52]. Cu/Zn-SOD was 
expressed in approximately 60% of  liver cells with 3-5 
fold higher levels of  SOD compared to controls. The 
treatment of  alcohol-fed rats with Cu/Zn-SOD gene 
delivery attenuated alcohol-induced elevation of  serum 
aminotransferase levels with a 60% decrease of  ALT levels 
and a 39% decrease in AST levels. Liver histopathology 
demonstrated less inflammation, reduced steatosis and 
no detectable necrosis. Free radical adduct formation 
measured by electron spin resonance (ESR) spectroscopy 
was reduced in mice treated with Ad.Cu/Zn-SOD. Nuclear 
extracts examined by electrophoretic mobility shift assays 
demonstrated a decrease in activation and translocation of  
NF-κB. Thus, these studies provide substantial evidence 
that the delivery of  SOD isoforms will protect the liver 
from acute and chronic liver injury in which the generation 
of  ROS is a major component in the pathogenesis of  the 
injury process. 

Zhong et al[53] evaluated adenoviral delivery of  either 
Mn-SOD or Cu/Zn-SOD in a cholestatic model of  liver 
injury. Rats were treated with AdMnSOD or AdCu/
ZnSOD 3 d prior to bile duct ligation (BDL). Over 90% 
of  hepatocytes were infected by virus. Mn-SOD and 
Cu/Zn-SOD activity increased 4-fold at d 3 and remained 
elevated up to 2-fold for 3 wk after the injection of  
adenoviruses. Elevated serum aminotransferase levels in 
rats with BDL were abrogated by 70% with AdMnSOD 
and 40% with AdCu/ZnSOD. Alkaline phosphatase (ALP) 
release was reduced by 50% with AdMnSOD and by 25% 
with AdCu/ZnSOD. AdMnSOD was also able to abrogate 
the increase in 4-hydroxynonenal (lipid peroxidation 
product). Enhanced NF-κB activation, TGF-β and 
TNF-α expression in the cholestatic liver were reversed by 
AdMnSOD delivery. Furthermore, BDL caused enhanced 
fibrosis and a 20-fold increased level of  procollagen type 
I (α1) mRNA in the liver. These changes were reversed 
significantly by prior Ad-Mn-SOD gene delivery. Thus, 
it appears that antioxidant gene delivery is a promising 
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approach to prevent a variety of  forms of  liver injury, 
including drug-induced toxicity, ethanol consumption, 
and cholestasis or ischemia/reperfusion-associated liver 
injury[54], as well as hepatic fibrogenesis[53]. 

EXTRACELLULAR MATRIX REMODELING
ECM i s composed of  co l l ag ens, g l ycoprote ins, 
p ro t eog l y c ans, g l y cos aminog l y c ans, and o the r 
proteins[55-56]. In the normal liver, collagens types I, III, 
V and XI are principally found in the capsule, around 
large vessels, and in the portal triad. Of  note, the ECM 
components of  the subendothelial space are typically 
low in collagen type I. Changes in the proportion of  
ECM components also contribute to the activation of  
HSC. Matrix metalloproteinases (MMPs) are important 
in the modeling and degradation of  ECM, and they 
are classified according to their target substrates as 
interstitial collagenases, gelatinases, stromelysins, and 
metalloelastases[57-58]. Stromelysin-1 degrades proteoglycans 
and glycoproteins. MMP-1 degrades collagen type I, while 
MMP-2 and MMP-9 degrade collagen type IV. These 
MMPs require activation by proteolytic cleavage and are 
inactivated by tissue inhibitors of  metalloproteinases 
(TIMPs). The balance of  production and degradation of  
ECM components maintains normal liver structure. The 
increased and disordered deposition of  ECM components 
that occurs in fibrotic liver disease, especially fibrillar 
collagen types I and III, is due to unbalanced excessive 
production and reduced degradation. Enhancing the 
production of  collagenase by gene delivery is a possible 
strategy to promote tissue remodeling and minimize the 
net accumulation of  ECM components in chronic liver 
injury. Various collagenase genes have been delivered 
in attempts to decrease ECM deposition in animal 
models of  hepatic fibrosis. Iimuro et al[59] evaluated the 
effectiveness of  adenovirus-mediated gene delivery of  
matrix metalloproteinase-1 on the attenuation of  liver 
fibrosis induced by thioacetamide or BDL in rats. The 
administration of  Ad5MMP-1 significantly attenuated 
hepatic fibrosis with resolution within 2 wk, a decrease in 
cross-linked collagen type I, hydroxyproline content, and 
SMA-positive HSC, which corresponded to a decreased 
number of  activated HSC in the liver sections. The 
treatment with Ad5MMP1 induced a transient increase in 
serum ALT levels that resolved by wk 4. This may reflect 
hepatocyte damage induced by adenoviral gene delivery. 
Subsequently, enhanced hepatocyte proliferation was 
found in the animals treated with MMP-1 gene therapy. 

Siller-López et al[60] evaluated the efficacy of  adenoviral 
delivery of  MMP8 in ameliorating liver cirrhosis induced 
by either BDL or CCl4 intoxication in rats. Marked 
expression of  MMP-8 was found to reach a level of   
550 pg/mL in AdMMP8-treated cirrhotic animals. This 
was accompanied with a significant decrease of  a fibrotic 
score by 45% in BDL rats, as indicated by decreased liver 
hydroxyproline content. Moreover, TIMP-1, MMP-9, 
and HGF were found to be increased, whereas, TGF-β 
was decreased in animals receiving the MMP-8 gene 
delivery. The gene delivery also improved ascites, hepatic 
function tests, and gastric varices in these cirrhotic rats. 

Thus, MMP-8 gene delivery seems to be highly effective 
in accelerating the resolution of  the deposited ECM 
components in experimental animal models of  hepatic 
fibrosis. However, immunoreaction to the adenoviral 
vectors or a high viral titer used, caused marked hepatocyte 
damage in those animals receiving adenoviral gene 
delivery[60].

Urokinase-type plasminogen activator (uPA) is known 
to be an initiator of  matrix proteolysis and promotes 
degradation of  the extracellular matrix. Salgado et al[61] 
employed adenoviral vector to deliver human uPA in a 
rat model of  hepatic fibrosis induced by chronic CCl4 
intoxication. At the end of  6 wk of  repeated CCl 4 
injections, rats were given Ad-ΔhuPA via iliac vein 
injection. Animals were sacrificed 2 d after Ad-ΔhuPA 
treatment for evaluating the gene delivery efficacy. 
Human uPA gene expression was detected in 46-80% 
of  hepatocytes with marked elevation of  human uPA 
in serum. The successful human uPA gene delivery 
resulted in an almost complete resolution of  periportal 
and centrilobular fibrosis when compared to the animals 
with a control vector injection (Ad-GFP) as evidenced 
by histochemical staining for ECM components. The 
gene delivery also led to an elevated MMP-2 activity, and 
induced hepatocyte proliferation with increased levels 
of  HGF. Thus, the study indicated that enhanced uPA 
expression by a gene delivery approach may activate 
MMP activity and accelerate ECM degradation, as well as 
facilitate a resolution of  hepatic fibrosis. The same group 
performed another experiment in BDL rats and found 
that combination of  adenoviral delivery of  human uPA 
gene with biliodigestive anastomosis achieved a synergistic 
effect in reducing hepatic fibrosis[62]. These studies provide 
substantial evidence that hepatic fibrosis is reversible 
in animal models when the underlying injury process is 
attenuated or stopped and an accelerated tissue remodeling 
occurs.

CONCLUSIONS AND PROSPECTS
New understanding and insights into the pathogenesis of  
hepatocellular damage and hepatic fibrogenesis, and the 
development of  molecular techniques, such as new viral or 
non-viral vector systems, RNAi, ribozyme and antisense 
technologies have made it possible to modulate the 
expression of  specific genes involved in the key pathways 
of  liver injury and fibrosis. The fact that blocking Fas-
ligand activity by siRNA or antisense against Fas receptor 
almost completely prevented Fas ligand-induced fulminant 
liver failure and animal mortality is noteworthy. It is also 
striking that silencing of  a key enzyme, caspase 3 or 7, in 
an apoptotic cascade by siRNA blocks the cell damage. 
The transfer of  anti-oxidant genes, such as isoforms 
of  SOD, by viral or non-viral vectors prevents a variety 
of  forms of  liver injury in which ROS generation is 
involved in the pathogenic pathways. Alternatively, when 
the overexpression of  fibrogenic cytokines, such as 
TGF-β and PDGF and their receptors are inhibited at 
the mRNA level with antisense, ribozymes or siRNA, or 
interrupted by specific antibodies or protein molecules, 
the interventions result in marked amelioration of  hepatic 
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fibrosis. Moreover, delivery of  collagenase genes by 
adenoviral vectors promotes the resolution of  excessive 
deposition of  ECM components and reverses hepatic 
fibrosis. Although these progresses in treatment of  liver 
injury and fibrogenesis are encouraging, one issue that 
requires additional attention remains that targeting these 
molecular therapeutics to specific cell types (hepatocytes, 
Kupffer cells or HSC) is critical in avoiding undesired 
effects on other organs or cell types[39,41,63]. 

Gene therapy itself  is still in its infancy, and ideal gene 
delivery systems for selective gene transfer with high and 
prolonged gene expression, as well as less cytotoxicity or 
immunogenicity remain to be developed. Nevertheless, 
molecular therapeutics has already proven to be powerful 
research tools and explorative experimental medicine. 
They have demonstrated some promise as novel modalities 
in reducing liver injury, inhibiting HSC activation, and 
promoting the resolution of  fibrotic deposition. However, 
the transition of  promising molecular therapeutics from 
animal models to clinical trials for the validation of  their 
clinical efficacy, adverse effects, target patient population 
will usually take a quite long period of  time. One may 
anticipate that in combination with other more standard 
therapeutic modalities, these molecular approaches 
may yield effective treatments for hepatic injury and 
fibrogenesis in man in the foreseeable future.
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