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Abstract

Fibrotic liver disease occurs after any of various forms of injury to the liver. Moreover,
fibrosis appears to be a critical factor leading to hepatic dysfunction and portal hypertension and
its complications. The fibrogenic cascade is complex, but leads to accumulation of extracellular
matrix proteins, followed by nodular fibrosis, tissue contraction, and alteration in blood flow. A
critical concept emerging over the past 2 decades is that activation of effector cells — which
produce extracellular matrix — underlies the fibrogenic process. In the liver, these effectors are
primarily hepatic stellate cells, although some data suggests that other mesenchymal cell types
contribute to fibrogenesis, particularly after certain kinds of liver injury. Stellate cell activation is
characterized by many important features, including enhanced extracellular matrix synthesis.
The aggregate data has not only helped lead to an understanding of the pathophysiologic basis of
hepatic fibrogenesis, but it has also provided an important conceptual framework with which to
base novel anti-fibrotic therapy.

Introduction and Background

Hepatic fibrogenesis is prominent after injury to the liver. Further, fibrosis is believed to
lead to hepatic dysfunction and portal hypertension. The fibrogenic process represents a
complex biologic set of events ultimately leading to extensive accumulation of extracellular
matrix proteins, tissue contraction and portal hypertension. A fundamental concept in this field
is that new (and presumably effective) therapies for hepatic fibrogenesis will be predicated on
understanding of laboratory based scientific advances, rather than on empiric observations and
trials. This aim of this review is to provide a pathophysiologic framework for understanding
important clinical and therapeutic issues in hepatic fibrogenesis and to highlight potential anti-
fibrotic therapies.

Fibrogenesis leading to cirrhosis develops in response to many multiple different types of
liver injury. While chronic hepatitis C infection is a prominent
cause of fibrogenesis, and perhaps at the time of this writing, the
leading cause of hepatic fibrosis, a multitude of other liver
diseases (i.e., non-alcoholic fatty liver disease, sustained alcohol patic Fil
ingestion, iron overload due to genetic hemochromatosis, o T .

- i 3 " o 5 . Ethanol / \ v
recurrent injury to the bile ducts - as in primary biliary cirrhosis /
and primary sclerosing cholangitis, autoimmune injury, alpha-1- e
anti-trypsin disease, copper overload and perhaps congenital Figure 1. Injury leads to fibrosis.
lesions) also cause fibrogenesis. Importantly, regardless of the  harY Ctgr‘:ﬁ:ono:eg:ﬁt’? ﬁf;gist.') tig
etiologic basis for fibrosis and cirrhosis, the clinical outcome,
fibrosis, is similar (Figure 1 and see (1) for review).

Viral Autoimmune

\ /

Metabolic \ /

\ / ) Drug



Cirrhosis is currently a leading cause of morbidity and mortality, both in the U.S. and
worldwide. The burden of liver disease in the United States appears to be expanding (2). We are
currently in the middle of virtual epidemics — in hepatitis C virus (HCV) infection and non-
alcoholic steatohepatitis (NASH).  Notably, hepatocellular cancer, which usually arises in
cirrhotic livers, is increasing in incidence (3). Importantly, although current data suggest that
despite an apparent decrease in the prevalence of HCV infection, hepatic fibrosis and cirrhosis
due to HCV is and will continue to rise for many years to come (4). In addition, it is predicted
that hepatocellular carcinoma due to HCV will dramatically increase as well (4). Further
evidence of the impending burden of liver disease comes from data indicating that hepatocellular
carcinoma is the most rapidly increasing neoplasm in the U.S. and Western Europe (5).

Risk factors for development of advanced fibrosis in patients with HCV include the
following: increasing age at infection, male gender, ethanol consumption, co-infection with
HIV, and immunosuppression (i.e. after orthotopic liver transplantation) (6).

Pathogenesis of Hepatic Fibrosis
, . Table 1
Increased production of extracellular matrix
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forms of liver injury and hepatic fibrogenesis, suggesting

that the general mechanisms of fibrosis are similar. This fact also underscores the importance of
identifying central regulatory components of the fibrotic response - since such components may
be selectively targeted without respect to etiology of disease.

Hepatic fibrosis is the body’s wound healing response to injury and is similar to the
response of other organs to recurrent injury (15, 16). Many forms of wound healing are
characterized by a relatively typical cascade of events. This cascade of events (highlighted in
Figure 2, below) includes components of epithelial injury (in liver — hepatocytes) (17-19),
followed by activation and mobilization of a variety of inflammatory cells which release
cytokines. Cytokines not only lead to amplification of the overall response, but also contribute
directly (and indirectly) to “activation” of effector cells (20-22). In the liver, effector cells are
hepatic stellate cells (23-25), which once activated, produce cytokines



(and biologically active peptides) that amplify the response in an autocrine fashion. It is also
noteworthy that the process includes release of matrix degrading proteases and their regulation
by specific inhibitors and plasma proteins, which provide for dynamic turnover of the matrix.

Figure 2, Fibrogenesis. A simplified version of the wounding
response in the liver is depicted. Most forms of liver injury
result in hepatocyte injury, followed by inflammation, leading
to recruitment of inflammatory effectors including T cells, NK
and NKT cells as well as Kupffer cells. These cells produce
growth factors, cytokines, and chemokines that play an
important role in stellate cell activation. Additionally, injury
leads to disruption of the normal cellular environment, and
also to stellate cell activation ‘right upper panel). Once
activated, stellate cells themselves produce a variety of
compounds, including growth factors, cytokines, chemokines,
and vasoactive peptides, which have pleotrophic effects in the
local environment, including many of which have autocrine
effects on stellate cells themselves. One of the major results
of stellate cell activation is extracellular matrix synthesis, as
well as production of matrix degrading enzymes.
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Stellate Cell Biology

Abundant evidence now indicates that the hepatic stellate cell (also known as a lipocyte
or Ito cell) is a critical effector in hepatic fibrogenesis. Under normal circumstances, these
perisinusoidal cells are found throughout the hepatic lobule, and are the principal storage site for
retinoids (vitamin A metabolites) in the body (26). A number of investigators have now
developed methods to isolate this cell type, representing a major advance in the field. The
current working model is one in which after
injury, hepatic stellate cells undergo
“activation” (Figure 3). Stellate cell activation m,mm
is prominent after infection of the liver with
HCV. Activated stellate cells are proliferative, _ e
fibrogenic and contractile - representing liver e injury
specific myofibroblasts. Activation is P
characterized by many important events
including fibrogenesis (27), proliferation (28),
contractility (29, 30), release of (Eﬁ;;;;‘m:'hosis)
proinflammatory cytokines (31-34) and release
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of matrix degrading enzymes and their
inhibitors (35-37), each of which contribute to
activation (and fibrogenesis), and each of
which represent a potential target for novel
therapy.

Many different factors lead stellate cell
activation (See (1). For example, cytokines,

Figure 3. Stellate Cell Activation. Stellate cell activation is a key
pathogenic feature underlying liver fibrosis and cirrhosis. Multiple
and varied stimuli contribute to the induction and maintenance of
activation, including, but riot limited to cytokines, peptides, and the
extracellular matrix itself. Shown in the diagram are key phenotypic
features of activation, which include production of extracellular
matrix, loss of retinoids, proliferation, of upregulation of smooth
muscle proteins, secretion of peptides and cytokines (which have
autocrine effects), and upregulation of various cytokine and peptide
receptors. From (1).

such as TGFP are prominent in stimulating fibrogenesis. Other cytokines stimulate

proliferation, and thus fuel the incipient fibrotic lesion. While a number of typical factors
prominent in the injured liver are important in stimulation activation (i.e., cytokines,
chemokines, extracellular matrix, etc...), it is notable that many factors may contribute to
activation. For example, the extracellular matrix itself is important in stimulation of stellate cell



activation (1). In addition, apoptotic fragments derived from hepatocytes appear to stimulate
stellate cell fibrogenesis (38). Further, HCV core and non-structural (NS3-NS5) proteins directly
interact with stellate cells and may stimulate stellate cell activation (39, 40).

Germaine to this discussion, perhaps the most prominent feature of stellate cell activation
is enhanced extracellular matrix production (12). Investigation has turned toward understanding
the mechanisms underlying this process. It appears that a number of events, typically acting in
concert, play a role in stimulating stellate cell fibrogenesis. For example, TGF directly
stimulates fibrogenesis, while PDGF stimulates cellular proliferation, thus contributing to the
accumulation of extracellular matrix. A further prominent feature of activation, and one that
may be important in the pathophysiology of portal hypertension, is the upregulation of many
proteins that are characteristic of contractile cells such as smooth muscle a actin and smooth
muscle myosins (41). Available data suggest that stellate cells control sinusoidal blood flow by
perisinusoidal constriction, analogous to the way that tissue pericytes control blood flow in
systemic capillary structures (42, 43). Further, since stellate cell contractility is greatest after
stellate cell activation and since endothelin-1 is overproduced in the injured liver, enhanced
contractility after activation appears to contribute to elevated intrahepatic resistance to blood
flow (44, 45). Second, contraction of stellate cells residing within bands of extracellular matrix
are likely to lead to the whole organ contraction characteristic of end-stage liver disease (46).

Stellate cells produce a number cytokines and biologically active peptides that have
autocrine effects on themselves and that further have a broad range of effects in the wounding
milieu. Prominent examples include TGF-g1 (47), PDGF (48), and CTGF (49), to name a few;
these and other cytokines typically bind to specific endogenous receptors on stellate cells.
Stellate cells also produce a variety of peptides important in the wounding response, and in
addition, several vasoactive peptides that may be important in portal hypertension (43). Among
the most notable of these peptides is endothelin-1 (50). The role of endothelin-1 in stellate cell
activation, fibrogenesis, and in the injury milieu is notable, and is likely to be serve as an model
for its role in other diseases. Another vasoactive peptide important in fibrogenesis is angiotensin
II, which appears to be produced by stellate cells themselves and has autocrine profibrogenic
effects (51).

A further important aspect of stellate cell biology is their apoptosis or programmed cell
death, which appears to be prominent during spontaneous recovery of liver fibrosis (52). When
stellate cells undergo apoptosis, they obviously loose their fibrogenic potential; the role of
apoptotic stellate cell bodies in activation of stellate cells remains open. The data suggest that
stellate cell apoptosis may play a role in resolution of fibrosis, and imply that a balance between
stellate cell proliferation and death is important in determining the dynamics of the total overall
stellate cell population in the liver.

Extracellular matrix biology in fibrogenesis

Extracellular matrix remodeling is an integral part of the fibrogenic process.
Extracellular matrix proteins are typically degraded by the action of a family of enzymes known
as the matrix metalloproteinases (MMPs). Many different matrix degrading enzymes are
produced by stellate cells during fibrogenesis (53, 54). For example, stellate cells express MMP-



2 after activation (35), where it appears to disrupt the normal subendothelial basement membrane
matrix. Enhanced production of abnormal interstitial collagens (i.e. types I and III) by stellate
cells leads to an abnormal basement membrane which subsequently disrupts hepatocellular
dysfunction (13). Additionally, the MMPs are inhibited by tissue inhibitors of
metalloproteinases (TIMPs); also synthesized by stellate cells (36, 55, 56) and which appear to
be important in the fibrogenic response (57). Finally, HCV envelope E2 glycoprotein binds to
stellate cells, inducing increased expression of MMP-2, which leads to increased degradation of
the normal hepatic extracellular matrix, which in turn facilitates stellate cell activation and
fibrogenesis (40).

A number of studies have emphasized that changes in basement membrane extracellular
matrix play an important role in fibrogenesis. For example, the EDA (or cellular) fibronectin
isoform is expressed early after liver injury, and once synthesized, it leads directly to stellate cell
activation (13). A further example of the importance of the extracellular matrix comes from
work demonstrating that stellate cells exposed to an abnormal basement membrane (type I
collagen), exhibited marked activation of MMP-2, which in turn would be predicted to further
degrade normal basement membrane extracellular matrix (58). Additionally, type I collagen
promoted activation of hepatic stellate cells through discoidin domain tyrosine kinase receptor 2
(DDR2) signaling, which increased expression of active matrix metalloproteinase 2 (MMP-2),
leading to enhanced proliferation and invasion (59). Finally, stimulation with IL-1 alpha caused
robust induction of pro-MMP-9 (the precursor of matrix metalloproteinase-9) in stellate cells and
induced conversion of pro-MMP-9 to the active form when the cells were exposed to type I
collagen (60). Thus, a multitude of factors appear to be important in modulating MMP
expression and activity.

The family of integrins are important mediators cell-matrix interactions. These
heterodimeric molecules (made up of an alpha chain and a beta chain) recognize a number of
motifs on extracellular proteins, perhaps the most prominent of which include the amino acids
Arg-Gly-Asp (RGD), which mediate a number of important cellular functions (61). Hepatic
stellate cells express the integrin a1p1, which mediates not only stellate cell adhesion to type I
collagen, but also stellate cell contraction (62). Stellate cells express a multitude of other
integrins, which are important in a variety of responses in the wounding milieu (63).

The immune system, stellate cells, and fibrogenesis

More and more evidence now points to a role for the immune system in regulation of
stellate cell fibrogenesis. For example, interferon y has direct and potent anti-fibrogenic activity
on stellate cells and in the whole liver (64, 65). Other immunomodulatory cytokines by
lymphocytes, natural killer (NK) cells and macrophages also appear to be important. These can
typically be divided into pro-inflammatory Thl cytokines (interferon y, interleukins 2, 3, and 12,
and TNF-o) and anti-inflammatory, pro-fibrogenic Th2 cytokines (interleukins 4, 5, 9, 10, and
13). A number of studies suggest a role for lymphocyte subsets in fibrogenesis, including those
that produce immunomodulatory cytokines (21, 66, 67) as well as those that do not, such as B
cell subsets (22).



Summary — Pathophysiology of hepatic fibrosis

Abundant evidence suggests that activation of stellate cells is a key feature in hepatic
fibrosis. During liver injury, the following model is evolving; liver injury leads to stellate cell
activation which is associated with prominent phenotypic alterations in stellate cells, among
which, fibrogenesis is prominent. Fibrogenesis is driven also by autocrine signaling in stellate
cells, in particular in response to various cytokines and peptides. A key concept is that
understanding the biology of stellate cell activation is likely to highlight potential anti-fibrotic
therapies, and emphasizes the point that multiple pathways could be targeted.

Measuring Fibrosis

Table 3.
Implicit in the attempt to more Feature Liver Biopsy ~ Serum Markers
actively treat hepatic fibrosis is the need to Accuracy Considered to be Correlates 70-90% with
. y the gold standard biopsy
develop robust and non-invasive markers of : . )
i i . . i Sampling Samples 0.001% of liver Samples (in theary) the
liver fibrosis. This is particularly true since entire liver
with specific therapy, fibrosis is dynamically Cost Expensive Zg;i:::\;;ypica"v
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of fibrosis has historically been liver biopsy. Experience Great Limited
However, liver biopsy is invasive, makes Availability Widely available Limited
both patients and physicians anxious, and can
be associated with substantial sampling-error Table 4.
. _ i Sensltivity / Specificity for PPV / NPV for
(Table 3). This latter featur.e is in particular .y e Components _ Advanced flbrasis _ Advanced fibrosis
problematlc. For example, 1n a recent Stl.ldy AST/ALT rallo AST/ALT 53%/100% 100%/81%
in which 124 patients with chronic HCV ~ ‘fomses s, T o4%l51% 40%0%
infection underwent laparoscopy guided AR AST, pletolels P— 88%/B4%
biopsy of the right and left hepatic lobes, PGA indox platelets, GGT, o1%/B1% B5%/89%
N . apolipoprotein A
33.1% had a difference of at least one Fiorotest GGT, haptoglobin 87%/59% 63%/85%
histologic stage (modified Scheuer system) ko v i
between the right and left lobes (68). Non-  Forospect Hyatrori ac B3%/66% 72%/78%
invasive tests such as serum markers of slphaZmnor gl
ﬁbl’OSlS ha.ve been advanced as potential FPI AST, cholesterol, HOMA-IR 86%/48% 70%/69%
- - o ELF tNumerous ECM proteins 90%/41% 35%/92%
altematlves to llver blopsy (Table 4) o *The tests vary substantially with regard to types of Bver dseane and pumbers of patients studied, sthooghenst pansts have boen sludioc

patients wilh HCV. The definition of ot has vared for hisiabgic gracing syatems, as wol &3 o tha dogreo ol Ibsucantdared fo be advanced (for exi

Additionally, besides serum markers Of — omuuous oo butmesing it e s civrcudus comsierSchaverige 3 e sdvacod). oy, s o oo
fibrosis, a number of models for predicting — HEE =i ‘ _

liver fibrosis have been developed. These IEaiare T
include combinations of clinical signs,

routine laboratory tests, radiologic imaging modalities, and/or quantitative assays of liver
function. Discussion of these methods to non-invasively assess fibrosis can be found in recent
reviews (see (69)). Unfortunately, at the current time, while required to non-invasively
quantitate the response to therapy, neither single tests nor a combination of tests appears to be

highly accurate or reliable.




Therapy for hepatic fibrosis

Advances in understanding of the pathophysiologic basis of fibrogenesis are now leading
to novel therapeutic approaches. Several important points should be kept in mind. First, fibrosis
results from chronic, not acute liver injury. Thus, it is likely that therapy will need to also be

chronic. ~ Although it is likely that newly

synthesized collagen may be more susceptible to Table 5.

degradation than old collagen, there is abundant Disease Thexapy

evidence in animal models that even advanced ~ HepettisB sy
Hepatitls C *Interferon alpha

cirrhosis is reversible, and in humans, the data
suggest that fibrosis is reversible in hepatitis C
(70, 71), hepatitis B (72), autoimmune hepatitis
(73), alcoholic liver disease (74),
hemochromatosis (75), and in secondary biliary

Bile duct obstruction Surglcal decompression

Hemochromatosis iron depletion
Autoimmune hepatitis Corticosteroids
Alcoholic hepatlitis Corticosterolds

#Primary blliary cirrhosls Ursodeoxycholic acld, MTX

cirrhosis (76). Diseases for which treatment !Non-alcoholic steatohepatitis PPAR ligands
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fibrosis are highlighted in Table 5. movatlons: MTX £ meihovexate; PPAR = prolierator sctiated recop

The most convincing evidence for therapy, as implied above, is for treatment of the
underlying disease process. However, there is hope that fibrosis resulting from liver disease not
amenable to treatment of the underlying disease process can be treated with agents specifically
targeted at fibrosis. It is this authors’ belief that the earlier the incipient fibrotic lesion is
detected and treated, the more likely it will be amenable to therapy. Implicit in this conclusion is
the belief that better mechanisms to detect fibrosis must be developed, preferably methods that
simply utilize serum (see above and (69)).

Preclinical studies have highlighted multiple

different targets and compounds that could specifically Table 6.

abrogate fibrogenesis. Such therapies have been targeted Th‘?raDY Disease
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(in a variety of diseases), at this point, none have been
proven to be clearly effective (Table 6). Indeed, a specific
anti-fibrotic that fits the profile of an ideal agent - one that

S-Adenosylmethionine

Propyithiouracil

Alcohol
Alcohol

is potent, safe, orally bioavailable, and inexpensive - is not yet available.

Therapies specifically targeting fibrosis

Colchicine

Colchicine is a plant alkaloid that inhibits polymerization of microtubules, a process that
Preclinical work indicates that

in turn is believed to be required for collagen secretion.



colchicine has anti-fibrotic properties (77) and colchicine has been examined in a number of
human clinical trials (78-81). Numerous different types of liver disease have been studied. In a
double blind, randomized, controlled trial examining colchicine in primary biliary cirrhosis,
improvements were noted in a number of biochemical markers, but colchicine failed to reduce
fibrosis (78). In an often cited, double blind, randomized, controlled trial of colchicine versus
placebo in patients with various liver diseases, colchicine led to improved fibrosis as well as a
dramatic improvement in survival (79). However, this study was thought to suffer from a variety
of methodological concerns and its findings have not been applied in clinical practice. In a recent
large VA cooperative multicenter study involving 549 patients comparing colchicine (0.6 mg
p.o. Bid) to placebo in patients with alcoholic liver disease, there was no apparent effect of active
treatment on survival (histologic data were not obtained) (80). Finally, a meta-analysis including
1138 subjects found that colchicine had no effect on fibrosis or mortality (81). In summary, the
data surrounding colchicine suggest that this compound is safe but probably ineffective.

Polyenylphosphatidylcholine

Polyenylphosphatidylcholine has antioxidant properties and since oxidant stress is likely
involved in the inflammatory and fibrogenic response to injury, it is an attractive candidate
therapy in patients with alcoholic liver disease. In a large, carefully performed randomized,
double-blind placebo-controlled trial in 789 alcoholic VA patients with alcoholic hepatitis (82)
with a daily average alcohol intake of 16 drinks/day, polyenylphosphatidylcholine failed to lead
to significant improvement in fibrosis. Subjects were randomized to either
polyenylphosphatidylcholine or placebo for 2 years (the long period of treatment is noteworthy
as it is likely that long periods of treatment will be required to effect changes in the liver
inflammation/injury/fibrosis axis). Notably, many subjects substantially reduced their ethanol
consumption during the trial, making it difficult to show differences between treatment and
therapeutic groups.

Interleukin-10

Interleukin-10 is an anti-inflammatory and immune-suppressive cytokine and appears to
reduce production of proinflammatory cytokines, such as tumor necrosis factor-a, interleukin-1,
interferon y, and interleukin-2 from T cells (TH1 cytokine family members). Endogenous
interleukin-10 appears to reduce the intrahepatic inflammatory response, shift the cytokine
milieu toward a TH2 predominance. In addition, it has been shown to reduce fibrosis in several
in vivo models of liver injury (83). However, a direct anti-fibrotic effect for interleukin-10 on
stellate cells has not been established.

In patients with chronic HCV infection mediated fibrosis who had failed antiviral
therapy, treatment with 1L-10 (84) for 12 months led to reduced intrahepatic inflammation and
fibrosis (mean change from 5.0 = 0.2 to 4.5 + 0.3, p < 0.05). However, serum HCV RNA levels
increased during therapy (mean HCV RNA at day 0: 12.3 + 3.0 meq/mL; and at 12 months: 38
meq/mL; p < 0.05). There was also an apparent shift in lymphocyte response toward a Th2
predominant phenotype. Thus, while longer-term therapy with interleukin-10 decreased hepatic
inflammatory activity and appeared to have an inhibitory overall effect on fibrosis it also led to
increased HCV viral levels, causing concern about long-term effects of this treatment in patients



with HCV. Indeed, while potentially anti-fibrotic, interleukin-10 is unlikely to emerge as a
viable anti-fibrotic compound because of its virological effects.

Interferon gamma (y)

The interferons consist of a family of 3 major isoforms. The 3 isoforms, o, § and y are
unique structurally and also in their biologic actions. Interferon a and f bind to the same
receptor and therefore share common functional and signaling characteristics. A number of
interferon o subtypes exist, while there appear to be only single interferon § and interferon y
species. Interferon o has more potent antiviral effects than does interferon vy, while interferon vy
has been shown to inhibit extracellular matrix synthesis in hepatic stellate cells (64, 85).

The preclinical data have generated considerable enthusiasm about the use of interferon y
in patients with hepatic fibrogenesis, although there is theoretical concern about its use because it
is proinflammatory and moreover, its overexpression in the liver leads to chronic hepatitis (86).
Nonetheless, in a pilot study, it appeared to be safe in patients with chronic HCV infection and in
a subgroup of patients may have had anti-fibrotic effects (87). While this pilot study provides a
firm foundation underscoring the potential use of interferon y in patients, larger randomized
studies are needed to prove a therapeutic benefit.

Silymarin

Silymarin is the active ingredient from the milk thistle, Silybum marianum. Preclinical
data indicate that silymarin reduced lipid peroxidation and fibrogenesis in rodents (88, 89) and in
baboons (90). It has been tested in human clinical trials, although fibrosis was not used as an
outcome. The compound appears to be safe, but has been reported to have mixed effects (91,
92). In one study examining silymarin in alcoholics (91), mortality was reduced; in addition,
patients with early stages of cirrhosis also appeared to benefit. However, in another study in
alcoholics, no survival benefit was found (92). Nonetheless, because silymarin appeared to be
safe, and may be effective an NIH sponsored clinical trial is planned, hopefully including
patients with chronic HCV infection.

Ursodeoxycholic acid

Ursodeoxycholic acid presumably stabilizes cell membranes and is thus cytoprotective.
This cytoprotective action in turn theoretically reduces inflammation and thus may have a
beneficial effect on fibrogenesis (93). While neither experimental nor human data indicate a
primary anti-fibrotic effect, the compound has been examined extensively in humans in many
different diseases (94-102). The greatest experience has been in primary biliary cirrhosis, a
disecase in which results with have been mixed. Both symptomatic and biochemical
improvements have been observed in patients with primary biliary cirrhosis, but data on
histological improvement and survival have not been consistent. For example, in a randomized
controlled trial examining patients with primary biliary cirrhosis, ursodeoxycholic acid led to
reduced fibrosis in those with mild disease, but had no effect on those with severe disease (95).
Longer term follow-up revealed no effect on orthotopic liver transplantation or mortality (103).
In another study, survival was improved in patients treated with ursodeoxycholic acid, but
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fibrogenesis was not improved (99). Further, in a histopathological study of 54 patients with
primary biliary cirrhosis and paired liver biopsies, 4 years of ursodeoxycholic acid therapy was
associated with a significant decrease in the prevalence of florid interlobular bile duct lesions,
lobular inflammation, and necrosis. Worsening of fibrosis was observed in 14 patients (the
majority had only a one grade progression in fibrosis score) whereas stabilization was noted in
the 40 remaining patients (100). Results of meta-analyses have also been mixed, and have
largely reported that ursodeoxycholic acid is not effective in primary biliary cirrhosis (98). A
combined analysis of the histologic effect of ursodeoxycholic acid on paired liver biopsies
including a total of 367 patients suggested that ursodeoxycholic acid delayed histologic
progression of disease patients with early disease (101). The data suggest that ursodeoxycholic
acid may impede progression of fibrosis in primary biliary cirrhosis, presumably via effects on
(bile duct) inflammation, particularly if given early in the disease course.

Ursodeoxycholic acid has been studies in several other liver diseases, including familial
intrahepatic cholestasis (96), cystic fibrosis (97), and non-alcoholic steatohepatitis (102). In
children with progressive familial intrahepatic cholestasis, it appeared to improve fibrogenesis
(96). Additionally, a small series indicated that 7 of 10 patients with cystic fibrosis treated with
ursodeoxycholic acid had a reduction in liver fibrosis (97). Although these effects are promising,
it should be emphasized that the numbers of patients studied has been small and studies have not
been randomized. Finally, in a large randomized controlled trial of ursodeoxycholic acid in
patients with non-alcoholic steatohepatitis over 2-years, including 107 subjects who had paired
biopsy data, there was no improvement in fibrosis (102). Thus, although ursodeoxycholic acid is
expensive, in the absence of more effective therapy, the available data probably justify the use of
ursodeoxycholic acid in patients with primary biliary cirrhosis as an anti-fibrotic, but do not
support its use in other liver diseases including chronic HCV.

Miscellaneous

A variety of compounds have been examined in patients with various types of liver
disease. A preliminary report in patients with non-alcoholic steatohepatitis (NASH) treated with
the peroxisome proliferator-activated receptor (PPAR) gamma agonist, rosiglitazone reduced
both steatosis and fibrosis (104). Antioxidants such as vitamin E have been examined in animal
models (105) as well as in humans (106-109). d-alpha-tocopherol, a vitamin E precursor (1200
IU/day for 8 weeks), was studied in 6 patients with HCV infection who failed to respond to
interferon o therapy (106), and was found to inhibit stellate cell activation, but did not affect
fibrosis. A randomized controlled trial examined vitamin E in patients with mild to moderate
alcoholic hepatitis found that vitamin E reduced serum hyaluronic acid, but did not lead to a
change in type III collagen (108). Combined antioxidant therapy, including vitamin E, had no
effect on outcome in patients with severe alcoholic hepatitis, although fibrosis was not
specifically addressed (109). In patients with primary biliary cirrhosis, malotilate, a presumed
cytoprotective agent, was found to diminish plasma cell and lymphocytic infiltrate and piece-
meal necrosis, but had no significant effect on fibrogenesis (110). Penicillamine, a heavy metal
chelating compound with presumed anti-inflammatory and thus antifibrogenic effects (111) had
no effect on fibrogenesis in patients with primary biliary cirrhosis (112, 113). Metrothrexate,
typically considered to be profibrogenic (114) has received great attention in patients with
primary biliary cirrhosis. Some investigators have reported highly favorable effects of
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methotrexate in this disease, including improvement the disease and reversion of fibrosis (115),
but a large randomized trial revealed no added benefit over ursodeoxycholic acid (116) (if
methotrexate is used to treat patients with primary biliary cirrhosis, this must be overseen by an
experienced Hepatologist). S-adenosylmethionine, important in the synthesis of the anti-oxidant,
glutathione has been found to be present in reduced amounts in the injured liver (117) and thus, it
has been hypothesized that if S-adenosylmethionine were replaced, then injury and fibrogenesis
might be reduced. S-adenosylmethionine led to an improvement in overall mortality/need for
liver transplantation in the treatment arm, especially in patients with Child’s A/B cirrhosis,
although information fibrosis was limited (118). Propylthiouracil, another presumed antioxidant
is an anti-thyroid drug that reacts with some of the oxidizing species derived from the respiratory
burst and thus may be protective in alcoholic liver disease, a disease in which an increase in
hepatic oxygen consumption may predispose the liver to ischemic injury. Thus, propylthiouracil
has been tested in randomized clinical trials in patients with alcoholic liver disease.
Unfortunately, a systematic review and meta-analysis found that propylthiouracil led to no
benefit in fibrosis (or other outcome variables) (119). Anabolic-androgenic steroids such as
oxandrolone have been examined in randomized trials including patients with alcoholic liver
disease, but have not been found to have significant effects on fibrosis (or other outcomes) (120).
Several recent small studies have examined the effect of anti-tumor necrosis factor alpha (TNF-
o) compounds in patients with alcohol induced liver disease (121-124), and have reported
improved histology. Concerns about potential toxicity however must be addressed, especially if
this compound were to be considered in patients with HCV.

Future Anti-fibrotics

With the vast number of advances in understanding the biology of hepatic fibrogenesis, it
is not surprising that multiple pathways have been targeted as having therapeutic potential.
Many compounds have been studied in experimental models and have been shown to have anti-
fibrotic properties (see (125) for review). Several of the canonical pathways are attractive as
therapeutic targets (Table 7). An important example is the TGF-p pathway, since it plays a
central role in the fibrogenic cascade. Several approaches to inhibit the action of TGF-p have
been proposed and include use of molecules such as decorin, the protein core component of

proteoglycan, which binds and inactivates TGF- Table 7

B (126), antibodies directed against TGF-g1, and — Mechanism

soluble receptors which typically encode for — mpme - '
sequences that bind active TGF-g and prevent it E;PE",,,"

from binding to cognate receptors. The concept §E%M.Mnmu - Inhibit stellate cell activation and
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indeed, the effect of inhibition of TGF-p in  mesvesies b
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has been striking (127, 128). Additionally,
stellate cells express angiotensin and endothelin =~ &wor

receptors and stimulation of stellate cells with E"I:::;ML
their respective ligands leads to stellate cell . > Other/unknown
activation (43). The angiotensin II pathway is  fan ™"

particularly attractive because there are already -
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numerous safe and potent compounds in use in AR,
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humans. Others compounds such as pirfenidone (129), peroxisomal proliferator activated
receptor (PPAR) gamma ligands (130-132), and halofuginone (133) appear to have direct effects
on stellate cells and thus could evolve into effective anti-fibrotic compounds.

Summary and Future

New therapies and effective for treatment of fibrosis are soon to emerge. A critical
concept is that the fibrotic lesion, in particular, the extracellular matrix component, is dynamic
and that the accumulation of fibrosis may be inhibited. Further, it is possible that fibrosis,
including even advanced fibrosis may be reversible under the appropriate conditions. A key
element is that anti-fibrotic approaches should be mechanism based (e.g. focused on the
activation of hepatic stellate cells). It should be noted that factors controlling activation are
multifactorial, and thus multiple different potential therapeutic interventions are likely to be
possible. Indeed, it is this author’s opinion that multi-drug treatments will be more effective than
single agents.

Currently, effective therapy for hepatic fibrogenesis exists in the form of removal of the
underlying disease process in certain diseases. In contrast, specific therapy directed only at the
fibrotic lesion is not currently available; the most effective therapies will most likely be directed
at the stellate cell. It is predicted that in the future, patients with chronic HCV infection will be
treated with combination approaches that target both viral eradication, as well as the fibrotic
lesion, particularly in patients with advanced (e.g., stage 3 fibrosis). At the time of writing of
this review, several different compounds are being explored in clinical trials and it is expected
that specific, effective, safe, and inexpensive compounds will soon be identified.
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