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Liver fibrosis: mechanisms of immune-mediated liver
injury
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Liver fibrosis and its end-stage consequence, cirrhosis, represent the final common pathway of virtually all chronic liver diseases.

Research into hepatic stellate cell activation, imbalance of the extracellular matrix synthesis and degradation and the contribution of

cytokines and chemokines has further elucidated the mechanisms underlying fibrosis. Furthermore, clarification of changes in host

adaptive and innate immune systems has accelerated our understanding of the association between liver inflammation and fibrosis.

Continued elucidation of the mechanisms of hepatic fibrosis has provided a comprehensive model of fibrosis progression and

regression. This review summarizes the current concepts of improvements that have been made in the field of fibrosis.
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INTRODUCTION

Hepatic fibrosis represents a ubiquitous response of the liver to acute

or chronic injury. Current evidence suggests that the process of hepatic

fibrosis is driven primarily by the development of inflammation in

response to parenchymal injury, with variable clinical manifestations

that are determined by the type and extent of liver damage, the under-

lying liver disease and the capacity of the whole body to respond.1

Fibrosis accompanies progressive liver injury and varies from mild to

extensive, while cirrhosis, which is the end stage of fibrosis of hepatic

parenchyma, is characterized by architectural disruption, aberrant

hepatocyte regeneration, nodule formation and vascular changes.2

Cirrhosis is also associated with an increased risk of liver failure, portal

hypertension and liver cancer. Recent studies suggest that cirrhosis is

associated with a high risk of complications that accrue over time. In

patients infected with the chronic hepatitis C virus, the annual mor-

tality rate is greater than 4%.3 Among patients with cirrhosis, approxi-

mately 70% of deaths are directly attributable to liver disease.4 Fibrosis

and cirrhosis of the liver remain major causes of morbidity and mor-

tality worldwide and are associated with increasing economic and

social impact.

Liver regeneration is an extremely complex process. Recent research

in human and animal models has shown that liver fibrosis is poten-

tially reversible in specific circumstances and resolution with a res-

toration of near normal architecture has been demonstrated.5,6 It is

hoped that a clearer understanding of the etiology of liver fibrosis

will provide improved diagnostic tools and potential therapeu-

tic approaches for the treatment of liver fibrosis and cirrhosis. Cur-

rently, liver transplantation is the only effective treatment available

for cirrhosis.7 However, shortages of organs, the presence of concur-

rent disease affecting other tissues and recurrence of the original dis-

ease in transplant recipients limit the impact of this approach.

Continued elucidation of the mechanisms of hepatic fibrosis has ren-

dered the possibility of arresting fibrosis progression a more realistic

prospect.

CELL TARGETS CONTRIBUTING TO LIVER FIBROSIS

Hepatic fibrosis results from a dynamic process regarded as the result

of an imbalance in extracellular matrix (ECM) synthesis and degra-

dation. With ongoing liver damage, fibrosis may progress to cirrhosis,

which is characterized by a distortion of the liver vasculature and

architecture, and which is the major determinant of morbidity and

mortality in patients with liver disease, predisposing to liver failure

and primary liver cancer. Several reviews have emphasized the essen-

tial role of hepatic stellate cell (HSC) and myofibroblasts (MF) activa-

tion in the pathogenesis of hepatic fibrosis (Figure 1).

HSCs are resident perisinusoidal cells located in the subendothelial

space between hepatocytes and sinusoidal endothelial cells.8 These cells

are characterized by vitamin A autofluorescence, perisinusoidal ori-

entation and variable expression of a number of cytoskeletal proteins

including desmin, glial fibrillary acid protein, vitamin and nestin.9

Under pathological conditions, including injury, inflammation, hep-

atitis B virus (HBV) or hepatitis C virus (HCV) infection, HSCs are

activated to undergo a phenotypic switch from a quiescent, vitamin A

storing cell into proliferative, a-smooth muscle actin-positive, myo-

fibroblast-like cells, exhibiting upregulated collagen synthesis.10

Furthermore, morphological observations imply that the so-called

activation of HSCs is facilitated even in the absence of contact with

the sinusoids or hepatic plates.11 HSCs exhibit a wide repertoire of

activities that emphasize the dynamic nature of the liver wound-heal-

ing response. These activities include the synthesis of fibrillar collagens,

contractile activity, secretion of chemotactic and vasoactive factors,

migratory activity and the secretion of matrix metalloproteinases
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(MMPs) and tissue inhibitors of metalloproteinases (TIMPs).12,13

There is evidence that a substantial number of proinflammatory

cytokines regulate the function of HSCs. Foremost among these is

transforming growth factor (TGF)-b, which has been identified as

the most profibrotic cytokine, promoting HSC expression of col-

lagen I, transition to a myofibroblast-like phenotype and inhibi-

tion of ECM degradation through the expression of TIMPs.14 In

parallel, platelet-derived growth factor has emerged as the most

potent proproliferative cytokine for HSCs, whereas tumor-necrosis

factor (TNF)-related apoptosis ligand expressed by Kupffer cells

(KCs) is thought to mediate stellate cell apoptosis.15 Activated

HSCs play a significant role, not only in the remodeling of sinus-

oidal walls necessary for the regeneration of hepatocytes, but also

in the formation of central–central bridging fibrosis at the site of

the incomplete regeneration.

Initiation of HSC activation is stimulated by soluble factors such

as oxidant stress signals (reactive oxygen intermediates), apoptotic

bodies, lipopolysaccharide (LPS) and paracrine stimuli from neigh-

boring cell types including hepatic macrophages (KCs), sinusoidal

endothelium and hepatocytes.16,17 Sustained activation of HSCs is char-

acterized by specific phenotypic changes including proliferation, con-

tractility, fibrogenesis, altered matrix degradation, chemotaxis and

inflammatory signaling. Loss of activated HSCs is associated with reso-

lution of hepatic fibrosis, which occurs following clearance of the prim-

ary liver disease. Spontaneous resolution of liver fibrosis has been

reported in a number of models of chronic liver injury, although

whether this results from selective apoptosis of activated HSC or rever-

sion to a quiescent state remains to be determined.18,19

Myofibroblasts, the prototypical mesenchymal cell type that regu-

lates repair of injury in a range of tissues, are defined primarily by their

ability to produce ECM and exhibit contractile activity. Although

HSCs are the primary source of MF in the liver, the contribution of

other cells is increasingly being appreciated.20 The primary cell source

is derived from bone marrow and following liver injury, these mobi-

lized MF-like cells participate in the progression of liver fibrosis.21

However, the collagen production capacity of these bone marrow-

derived cells is limited. Portal fibroblasts, which are resident within

the connective tissue of portal areas, are also recruited and activated

into MF and are especially relevant in diseases associated with ische-

mia and cholestasis. The contribution of these cells to fibrosis is

particularly important in biliary diseases. The third source of MF is

derived from cells that undergo epithelial-to-mesenchymal transition

(EMT).22 This process allows a closely attached epithelial cell with

apical–basal polarity to migrate and accumulate in the interstitium

of the tissue and acquire a mesenchymal cell phenotype, including

migratory capacity, invasiveness, resistance to apoptosis and produc-

tion of ECM. EMT has been associated not only with tissue regenera-

tion and fibrosis, but also with embryonic development and cancer

progression. However, whether these cells simply express mesenchy-

mal markers or contribute substantively to ECM production remains

to be clarified. In contrast to EMT, which is a dynamic and bidirec-

tional process, fibrogenic cells can revert to an epithelial phenotype.

The actual contribution of these cells to hepatic regeneration and

fibrosis requires further investigation.

IMBALANCE IN EXTRACELLULAR MATRIX SYNTHESIS AND

DEGRADATION

In normal liver, ECM is a highly dynamic substratum with a precisely

regulated balance between synthesis and degradation. However, this

balance is disrupted in liver fibrosis. The ECM becomes progressively

insoluble and resistant to protease digestion due to thickening of

fibrotic septae and increased crosslinking. Normally, the hepatic

ECM comprises less than 3% of the relative area of a liver tissue section

and approximately 0.5% of the wet weight. During chronic liver

Figure 1 Initiation and maintenance of fibrogenesis. Activated hepatic stellate cells, bone marrow derived cells, portal fibroblasts, epithelial-to-mesenchymal

transition (EMT) are source of myofibroblasts. The pathways of HSC activation include those that provoke initiation and those that maintain perpetuation. Initiation

is stimulated by soluble stimuli such as toxins, HBV or HCV infection and oxidant stress signals. Following activation, these myofibroblasts are characterized by

increased proliferation, migration and a relative resistance to apoptosis. Imbalances in collagen synthesis and degradation result in cirrhosis and liver failure. HBV,

hepatitis B virus; HCV, hepatitis C virus; HSC, hepatic stellate cell; ROS, reactive oxygen species; TIMP, tissue inhibitor of metalloproteinase.
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injury, both the quality and quantity of hepatic ECM are altered by

disruption of this matrix and replacement by fibrillar collagen,23 with

collagen types I and III24 being the predominant forms that are accu-

mulated in advanced fibrosis.

The turnover of collagen and other ECM proteins is controlled by

regulation of MMPs and TIMPs. Fibrosis occurs when this balance tips

in favour of TIMPs, whereas resolution is associated with reduced

TIMP expression. MMPs are a family of zinc-dependent endoprotei-

nases that degrade various ECM components and are highly expressed

in HSCs and KCs. It is therefore unsurprising that research is focused

on discovery of the identity and source of key MMPs that mediate the

resolution of fibrosis. The first of these molecules to be identified, and

the best characterized interstitial collagenase in humans, MMP-1,

is widely expressed in human tissues including liver. However other

human interstitial collagenases with more limited cellular expres-

sion including neutrophil collagenase (MMP-8) and collagenase 13

(MMP-13) are also being investigated.25 The recently described

enzymes, MMP-2 and MMP-14, also have interstitial collagenolytic

activity.26 Studies in animal models and human liver fibrosis indicate

that interstitial collagenolytic activity decreases in liver extracts in

advanced fibrosis, thus promoting net collagen deposition.

TIMPs play an important role in preventing degradation of the

accumulating matrix during liver injury by antagonizing the activity

of metalloproteinases and it is speculated that activated HSCs are an

important source of TIMPs in injured liver. Expression of both TIMP-

1 and TIMP-2 is increased in human fibrotic liver and in a rat model of

liver fibrosis. Moreover, the degree of TIMP-1 expression correlates

with the extent of fibrosis in human liver.27 The resulting increase in

the TIMP/MMP ratio in liver may promote fibrosis by protecting

deposited ECM from degradation by MMPs. The balance between

MMP-2/TIMP-2 has been shown to be critical for the turnover of

ECM.28 The contribution of other MMP inhibitory mechanisms in

fibrosis cannot be discounted.

Continued elucidation of the mechanisms of hepatic fibrosis which

has made stopping the cirrhosis getting worse is becoming more and

more realistic. Preclinical studies have highlighted a number of ther-

apies that specifically could abrogate fibrogenesis. Such therapies have

been targeted at inhibition of collagen synthesis, matrix deposition,

modulation of stellate cell activation, stimulation of matrix degrada-

tion or stimulation of stellate cell death. Those treatments including

anti TGF-b approach, cytokines including interleukin-10 (IL-10) and

hepatocyte growth factor (HGF), and some herbal medicines, have

also been shown to have antifibrotic properties in animal models,

but the long-term efficiency and safety need to be confirmed in a larger

cohort of clinical trial and tracer studies.

CYTOKINES AND CHEMOKINES IN FIBROSIS

Cytokines, which mediate many immune and inflammatory reactions,

are soluble peptides secreted by several types of cells including im-

munocytes, parenchymal and non-parenchymal cells. Hepatocyte

damage resulting from factors such as viral agents, alcohol consump-

tion, hepatotoxins and autoimmunity, leads to recruitment of macro-

phages and neutrophils and local production of cytokines and

chemokines that mediate the inflammatory response that leads to

the regeneration of liver tissue and ultimately to the deposition of

extracellular matrix by activation of HSCs. The most important cyto-

kines produced in the liver include TGF-b, TNF-a, IL-1, IL-6, IL-10

and interferon (IFN)-c29 and these are predominantly produced by

resident macrophages, approximately 80%–90% of which are KCs.

Alteration in cytokines is observed in different liver diseases. In chronic

alcoholic liver disease, the production of TNF-a, IL-1, IL-6, as well as

the chemokine IL-8/CXCL8, is increased, while TNF-a is identified as

an important mediator of non-alcoholic fatty liver disease.30

TGF-b1, which has been identified as the most profibrotic cytokine,

stimulates its own production by myofibroblasts, thereby establishing

an autocrine cycle of myofibroblast differentiation and activation.

Furthermore, anti-TGF-b approaches have been established and

successfully utilized for the treatment of experimental fibrogenesis.

However, broad pharmacological targeting of the TGF-b pathway to

combat disease is likely to be problematic due to the pleiotropic nature

of TGF-b activities.31 Therefore, elucidation of the fundamental

mechanism underlying TGF-b stimulation of fibrogenesis is essential

for the development of approaches that specifically target profibro-

genic TGF-beta signaling. Other compounds with mitogenic activity

toward stellate cells include vascular endothelial cell growth factor,

thrombin, epidermal growth factor, keratinocyte growth factor and

basic fibroblast growth factor. Furthermore, IL-8 acts as a mediator of

HSC differentiation by providing a stop signal to migrating HSCs that

have reached a fibrosis site and inducing a contractile phenotype

associated with focal adhesion and upregulation of a-smooth muscle

actin production.32

Due to the critical involvement of the chemokine system in

lymphocyte recruitment, several studies have analyzed the role of

chemokines in the pathogenesis of hepatic fibrosis. Although a large

number of chemokine signaling pathways are involved, the CC- and

CXC-chemokine receptor families have consistently exhibited

important regulatory roles. CCL2 (MCP-1) and its receptor, CCR2

have been widely investigated. Interference with the action of CCL2

through adenovirus-mediated expression of a mutated ligand (7ND-

CCL2) revealed a marked suppression of macrophage and lympho-

cyte infiltration into injured livers, reduction of HSC activation and

prevention of hepatic fibrogenesis.33 CCR5, a chemokine receptor

which binds CCL5, and CCL3 or CCL4, mediates both recruitment

of monocyte/macrophages and liver fibrosis by induction of prolif-

eration and migration of human HSCs.34 In patients with hepatitis C

infection, CXCR3-associated chemokines may be an important

determinant of liver injury and fibrogenesis. Moreover, expression

of chemokines interacting with CXCR3 and particularly CXCL10, is

upregulated in patients with advanced inflammation and fibrosis.35

In patients with primary biliary cirrhosis, expression of CCR7 is

upregulated and immunostaining for its ligand, CCL21, is detected

around inflammatory lymphoid follicles.36 Involvement in the fibro-

genic process was indicated by the observation that activation of CCR7

on cultured HSCs stimulates cell migration and accelerates wound

healing. HSCs also express functional CXCR4, the activation of which

induces expression of a-smooth muscle actin and collagen I and

increased proliferation.37 The liver is the first tissue to come in contact

with bacterial products, including endotoxins, derived from the

gastrointestinal tract. Toll-like receptors (TLRs) comprise a highly

conserved family of receptors that recognize pathogen-associated

molecular patterns and allow the host to detect microbial infection.

Recently, the role of the TLR system in liver fibrogenesis has been

extensively investigated. Activation of TLR4 by lipopolysaccharide

(LPS) upregulates chemokine secretion and sensitizes HSCs to the

action of TGF-b.38 TLR4 signaling induces expression of several pro-

fibrogenic cytokines, including TNF-a, IL-1 and IL-6. A single-nuc-

leotide polymorphism of the TLR4 gene has recently emerged as a

factor conferring protection from fibrosis in patients with chronic

hepatitis C.39 These single-nucleotide polymorphisms were shown

to reduce TLR4-mediated inflammatory and fibrogenic signaling
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and lower the apoptotic threshold of activated HSCs in vitro.40 TLR9,

another widely investigated fibrogenic TLR, functions as a sensor of

degraded nuclear DNA. Following apoptotic hepatocyte DNA liga-

tion, activated TLR9 has been shown to modulate the biology of

HSC, resulting in inhibited cell migration and upregulated collagen

production.41 Furthermore, the development of biliary fibrosis is

delayed in mice lacking TLR9.42

INNATE AND ADAPTIVE IMMUNITY IN LIVER FIBROSIS

Chronic inflammation and fibrosis are inextricably linked and the

interactions between immune effector cells, local fibroblasts and tissue

macrophages at sites of scar formation determine the outcome of liver

injury. With improved understanding of the processes that govern

inflammation and fibrosis, it has become clear that both the adaptive

and innate immune systems are involved in the regulation of fibrosis

(Table 1).

Hepatic KC, which constitute 15% of the total liver cell popula-

tion, are tissue macrophages derived from circulating monocytes.

Macrophage phenotype and function are critical determinants of fib-

rotic scarring or resolution of injury. Once activated by bacterial pro-

ducts, KCs secret a large number of pro-inflammatory and fibrogenic

mediators. Activation of fibroblasts by macrophage-derived TGF-b1

or insulin-like growth factor is an early feature of fibrogenesis which

promotes a switch in fibroblast gene expression to initiate matrix

remodeling.43 Gadolinium chloride-mediated depletion of KC has

been shown to result in attenuation of CCl4-induced hepatic fibrosis

in rats in a process associated with reduced histological fibrosis and

prevention of the increased TGF-b expression.44

Macrophage ablation has been shown to attenuate fibrosis in vari-

ous conditions, suggesting that these cells are among the main pro-

ducers of this growth factor. In response to inflammatory stimuli,

monocytes undergo distinctive pathways of differentiation into clas-

sically activated M1 macrophages or the alternative M2 phenotype.

Activation of M1 inflammatory macrophages by classical immune

pathways leads to the expression of MHC class II antigens and release

of pro-inflammatory cytokines. In response to ongoing injury, M1

macrophages propagate inflammation and ultimately the deve-

lopment of fibrosis. Depending on micro-environmental cues, M2

macrophages are recruited from the circulation or activated in situ

as a result of an M1-to-M2 phenotype switch. M2 anti-inflammatory

macrophages secrete regenerative trophic factors that promote cell

proliferation and reduce apoptosis. KCs elicit divergent effects on liver

fibrosis by promoting stellate cell activation in the face of continued

injury or conversely, induce stellate cell apoptosis during regression.

These divergent roles suggest that either different populations of

macrophages are involved at each stage or, more likely, that macro-

phage function switches during fibrogenesis in response to cytokines

in the microenvironment.45

The liver, with its strategic position between the intestine and the

systemic circulation is continuously exposed to bacterial products,

toxins and food-derived antigens. Natural killer (NK) cells and natural

killer T (NKT) cells provide a first line of defense again invading

infectious microbes and neoplastic cells. The functions of NK cells

are controlled by a balance of signals from stimulatory and inhibitory

receptors. In contrast to the relatively small percentage of NK cells in

the peripheral lymphatics, these cells constitute a large proportion of

liver-resident lymphocytes via induction of HSC apoptosis in a TNF-

related apoptosis ligand-dependent manner and production of

antifibrotic mediators that protect against fibrosis.46 As previously

described, NK cells express a variety of TLRs, which participate in

the pathogenesis of hepatic fibrosis. Activation of TLR3 by poly(I:C)

has been shown to inhibit liver fibrosis through NK cell-mediated

killing of activated HSCs and IFN-c production.47 Depletion of NK

cells enhances liver fibrosis.48 However, it is speculated that imbal-

ances in the hepatic cytokine profile in patients with chronic hepatitis

B virus infection drive NK cells towards a hypercytolytic phenotype

responsible for liver damage.49 In vitro studies have demonstrated that

HCV RNA expression is suppressed by NK cells. Moreover, CD561

cells isolated from the liver, but not peripheral blood mononuclear cell

(PBMC), of HCV cirrhotic patients produced significantly less IFN-c

and exhibited decreased anti-tumor cytotoxicity following stimu-

lation with IL-2. Cytolytic activity had an inverse association with the

stage of liver fibrosis suggesting that the presence of cytolytically active

peripheral NK cells protects against liver disease progression.50

NKT cells are a heterogeneous group of cells that express both T-cell

markers (ab-TCR) and NK cell markers (NK1.1 and CD161). More

recently, NKT cells have been defined as cells that have an invariant

Va14-Ja18 (Va24-Ja18 in humans) rearrangement and reactivity to

the glycosphingolipid, a-galactosylceramide presented by the MHC

class I-like molecule CD1d that presents hydrophobic/lipid antigens.

NKT cells are found in normal liver tissues, although numbers increase

with necro-inflammatory activity and in the context of chronic viral

hepatitis these cells have been shown to secrete type 2 profibrotic

cytokines including IL-4 and IL-13, capable of driving the progression

of fibrosis.51 Furthermore, depletion of NKT cells protected mice

against CCl4-induced liver damage and fibrosis.52 In humans, an

increase in the ratio of intrahepatic to peripheral NKT cells in viral

cirrhosis has been reported, although the percentage of intrahepatic

NKT cells reported in this study was low. Peripheral and intrahepatic

NKT cells from cirrhotic patients stimulated with PMA/ionomycin

also displayed increased production of IFN-c, IL-4 and IL-13 and

increased expression of CD1d in liver.53 The authors concluded that

NKT cells respond to progressive liver damage caused by chronic

hepatitis viral infection via a CD1d-mediated pathway and contribute

to the pathogenesis of cirrhosis by expressing a set of cytokines

involved in the progression of fibrosis.

Dendritic cells (DCs) are central to the processes that modulate liver

immunity. Although DCs mediate powerful immune responses in

most contexts, liver DCs exhibit a distinctly tolerogenic phenotype

and are believed to form the basis of hepatic tolerance. DCs represent

approximately 25% of leukocytes in fibrotic hepatic tissue. A trans-

formation of DC function from tolerogenic to immunogenic underlies

the immunological and inflammatory changes in liver fibrosis. Studies

in a mouse model of liver fibrosis have demonstrated that the hepatic

DC population expanded fivefold, acquired an activated surface

phenotype and, most importantly, gained marked ability to stimulate

NK cells, T cells and HSCs.54 Furthermore, DC depletion completely

abrogated the elevated levels of many inflammatory mediators that are

produced in the fibrotic liver.

The complement system represents an effective innate immune

mechanism of host defense for eradication of microbial pathogens,

but is also extensively involved in many forms of acute and chronic

inflammatory diseases. Complement activation exerts its destructive

functions through the generation of complement protein cleavage

products. The liver (mainly hepatocytes) is responsible for biosyn-

thesis of approximately 80%–90% of plasma complement compo-

nents and expresses a variety of complement receptors. Recent

evidence from several studies suggests that the complement system

is also involved in the pathogenesis of a variety of liver disorders

including liver injury, repair and fibrosis. The gene encoding
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complement factor 5 (C5) has been identified as a quantitative trait

that modifies liverfibrogenesis in mouse and human HCV infection.55

Furthermore, the expression of C5aRl was detected on HSCs at high

levels and increased significantly during transdifferentiation to myo-

fibroblasts in culture. Upregulation of fibronectin but not of entactin,

collagen IV and smooth muscle actin by anaphylatoxin C5a was also

detected in rat HSCs.[56] C5-deficient mice also exhibit impaired liver

regeneration.57 Complement factor 3 (C3) contributes to ethanol-

induced liver steatosis in mice.58 Furthermore, serum complement

factor 4 (C4) levels significantly correlate with liver biopsy findings

and may be a useful indicator of disease activity and/or damage in

chronic hepatitis B CHB patients with high transaminase levels.59

Although the functions of complement have been studied extensively

in animal models, the role of complement in human liver disease

remains unclear.

Growing evidence has revealed the importance of the adaptive

immune system in hepatic fibrosis. T helper (Th) 1 lymphocytes

express high levels of antifibrotic cytokines such as IFN-c, whereas

Th2 lymphocytes express high levels of profibrotic cytokines such as

interleukin IL-4. Therefore, the Th1/Th2 ratio can alter the balance in

favor of or against fibrosis.60,61 The role of B cells in the pathogenesis

of fibrosis was identified by the reduction in collagen deposition

observed in CCl4-induced fibrosis in B cell-deficient mice.62 It is possi-

ble that several mechanisms are responsible for the impact of B cells on

liver fibrosis. It is speculated that B-cell production of the profibrotic

cytokine IL-6 contributes to liver fibrosis through induction of HSC

differentiation into myofibroblasts, fibroblast proliferation and

increased collagen and TIMP synthesis. Furthermore, the absence of

autoantibody production may affect profibrogenic cytokine activity

and alterations in T-cell function in B cell-deficient mice may con-

tribute to the observed impact of B cells on this process. Thus, B cells

are no longer considered to be ‘bystanders’ in the pathogenesis of liver

fibrosis.

CONCLUSION

Despite extensive research and advances in our understanding of the

mechanisms responsible for liver fibrosis, no antifibrotic agents have

yet emerged for the effective treatment of cirrhosis. However, iden-

tification of the main cellular effectors of liver fibrosis, the key cyto-

kines regulating the fibrotic process, the determinants of ECM

turnover and advances in serological and molecular research tech-

niques have highlighted a number of potential therapeutic approaches

that are suitable for future development in this area.
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