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An Adipocentric View of Liver Fibrosis and Cirrhosis
Jiin-Haur Chuang1,3, MD; Pei-Wen Wang2, MD; Min-Hong Tai4, PhD
Liver fibrosis is the consequence of chronic or repeated liver injury caused by hepatotoxic agents like alcohol and viruses, as well as immune and congenital metabolic disorders. Nonalcoholic fatty liver disease (NAFLD), caused by obesity and abnormal lipid
metabolism, may be the latest known cause of liver fibrosis and cirrhosis. Furthermore,
NAFLD with obesity can provide a terrain in which alcoholic and viral liver diseases, such
as chronic hepatitis C, are prone to cause liver cirrhosis. Insulin, insulin-like growth factor
(IGF)-1, peroxisome proliferator-activated receptors (PPARs), leptin, adiponectin, and
preadipocyte factor-1/delta-like1 (Pref-1/dlk1) are hormones, growth factors, nuclear receptors, and cytokines that are actively involved in lipid metabolism. They share common target
cells important in liver fibrosis, i.e., hepatic stellate cells (HSCs). Activation of HSCs is
known to initiate and perpetuate liver fibrosis. Insulin and IGF-1 stimulate HSC activation
and collagen production in vitro. However, IGF-1 alleviates liver fibrosis in vivo. Ligands of
PPARγ inhibit HSC activation and collagen synthesis in vivo and in vitro, and are helpful in
decreasing liver fibrosis. But ligands of PPARβ enhance proliferation of HSCs. Leptin is
profibrogenic, and liver fibrosis is decreased in leptin- or leptin receptor-deficient mice.
Adiponectin is, on the contrary, anti-fibrogenic. Extensive liver fibrosis may develop in
adiponectin-knockout mice and is alleviated by administration of recombinant adiponectin.
Pref-1/dlk1 is implicated in fibrogenesis of the liver through its modulation of HSCs. The
use of such biologically active molecules in lipid metabolism as ligands of PPARγ and
adiponectin might not help slim down a patient on the whole, but can potentially be used to
halt the progression of liver fibrosis. Weight reduction, a strategy for controlling obesity and
metabolic syndromes, may also be a tool for decreasing NAFLD and alleviating liver cirrhosis. (Chang Gung Med J 2004;27:855-68)
Key words: adipocytokine/adipokine, adiponectin, cirrhosis, hepatic stellate cells, insulin,
insulin-like growth factor, leptin, liver fibrosis, nonalcoholic fatty liver disease,
obesity, preadipocyte factor1/delta-like protein1.

H

epatic fibrosis is a scarring response of the liver
to chronic liver injury. When fibrosis progresses
to cirrhosis, morbid complications can develop.(1)
Accumulation of extracellular matrix (ECM) is the
paradigm, and activation of hepatic stellate cells
(HSCs) has been established as the unequivocal
source of the ECM.(2,3) HSCs comprise 15% of the
total number of resident liver cells.(4) HSCs are also

known as lipocytes, because in a normal liver, they
are not only the principal storage site for retinoids,
but they also possess numerous intracellular lipid
droplets that contain discernible amounts of triglyceride. (5,6) Following liver injury, HSCs undergo a
process known as "activation", in which HSCs are
transformed from quiescent vitamin A-rich cells into
fibrogenic myofibroblasts.(7) Obesity is a risk factor
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in precipitating fibrosis in a few chronic liver diseases and in the normal population with no previous
liver disease.(8,9) Several cytokines that are important
in lipid metabolism and adipocyte differentiation
have emerged as modulators of HSC activation. In
this review, the nurturing effects of obesity on liver
fibrogenesis are addressed. Subsequently, we discuss
how insulin, peroxisome proliferator-activated receptors (PPARs), and several adipocyte-derived biologically active molecules are involved in liver fibrosis,
at least in part through their modulation of HSC activation.
A.Obesity may exacerbate liver fibrogenesis

Although ethanol has long been established as a
hepatotoxic agent, only 8%~20% of chronic alcoholics develop liver cirrhosis.(10) Factors that increase
the risk of cirrhosis have mostly not been firmly
established. Steatosis is the earliest manifestation of
alcohol-associated liver injury. In a study of 1604
alcoholic patients, the presence of excess weight for
at least 10 years was a risk factor for steatosis, acute
alcoholic hepatitis, and cirrhosis.(11) Nonalcoholic
fatty liver disease (NAFLD) encompasses all of the
features of alcohol-induced liver injury except that
obesity may be the underlying factor. In a study of
351 apparently nonalcoholic patients at autopsy,
severe fibrosis had developed in 13.8% of markedly
obese patients and in 6.6% of lean patients. (12)
Although NAFLD did not progress to steatohepatitis
or cirrhosis in 1 group of patients, obesity was 1 of
the significant predictors of severe liver fibrosis in
another study of 144 patients with nonalcoholic
steatohepatitis (NASH).(13,14) In another study of 93
patients with abnormal liver function tests but without alcoholic, viral, autoimmune, drug-induced, or
genetic liver disease, septal fibrosis was 6 times
more prevalent in overweight patients than in lean
counterparts. (9) It is estimated that 20%~30% of
adults in the US and other Western countries have
excess fat accumulation in the liver, and 10% of
these individuals, or fully 2%~3% of all adults are
estimated to meet the current criteria for NAFLD.
Older age, obesity, and diabetes are predictive factors
for fibrosis.(15)
Studies of liver fibrosis in patients with chronic
hepatitis C also support the important role of obesity
in fibrogenesis of this viral liver disease. In a series
of 148 consecutive patients with chronic hepatitis C,
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Hourigan et al. found that an increasing body mass
index (BMI) has a role in the pathogenesis of steatosis in chronic hepatitis C and that steatosis may contribute to fibrosis.(16) Bressler et al. further showed
that a high BMI is an independent risk factor for a
nonresponse to antiviral treatment in patients with
chronic hepatitis C.(17) Since insulin resistance in obesity is associated with metabolic syndrome and promotes chronic inflammatory conditions such as atherosclerosis, the role of insulin resistance was examined in patients with chronic hepatitis C.(18,19) A study
of 121 hepatitis C virus patients with stage 0 or 1
hepatic fibrosis and 137 healthy volunteers matched
by gender, BMI, and waist-hip ratio showed that
insulin resistance may contribute to fibrotic progression in chronic hepatitis C virus infection.(20) Glucose
intolerance increased 2-fold in Chinese patients with
chronic hepatitis C, compared to an age-adjusted
control population.(21) Consequently, it was hypothesized that weight reduction in patients with chronic
hepatitis C might decrease the severity of hepatic
steatosis. Indeed, in a 3-month weight reduction program in 19 subjects with steatosis and chronic
hepatitis C, serum alanine aminotransferase levels
progressively fell in 16 cases with weight loss. Nine
of 10 patients with paired liver biopsies showed a
reduction in steatosis and significant decreases in the
Knodell fibrosis score and the number of activated
HSCs. Therefore, weight reduction may provide an
important adjunct treatment for patients with chronic
hepatitis C.(22)
B. Molecules that bridge the troubled waters of
lipid metabolism and liver fibrosis

Adipokines and adipocytokines are series of
adipocyte-derived biologically active molecules
which may influence the function as well as the
structural integrity of other tissues. Included are substances like leptin, acylation-stimulating protein,
tumor necrosis factor-α, plasminogen activator
inhibitor-1, interleukin-6, and adiponectin.(23) As obesity is associated with altered gene expression in adipose tissue and the biochemical phenotype of insulin
resistance, (19) a review of obesity-associated liver
changes therefore should begin with insulin and
insulin-like growth factors (IGFs) (Table 1).
B.1 Insulin and insulin-like growth factors

Evidence for the involvement of insulin in liver
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Table 1. Molecules Involved in Lipid Metabolism and Liver Fibrosis
Name

Category

Plasma levels
in cirrhosis

Human diseases

In vitro or
animal studies

Effects on HSC or fibrosis

Insulin/IGF

Hormone /
growth factor

High or -/ low

Mixed*(26,27)†

CCl4 or BDL
(rat)(28,71) and in
vitro(24,25)

PPAR

Transcription
factor

N/A

N/A

Leptin

Hormone

High

Adiponectin

Cytokine

High or low

Alcoholic;(45-47)
chronic
hepatitis C(48)
Mixed;(58) healthy
Caucasians(59)

DMN, CCl4, and
BDL (rat)(39) and
in vitro(40)
CCl4 (mouse);(50)
TAA (ob/ob mouse);(51)
TAA (fa/fa rat)(52)
CCl4 (mouse);(60,61)
alcohol (ob/ob mouse)(62)

Pref-1/dlk 1

Cytokine

N/A

Biliary atresia(68)

N/A

In vivo protective against fibrosis,
inconsistent with the in vitro
proliferation of HSCs; Increased
CTGF and collagen
PPARγ ligands inhibit HSC activation in
vitro and decrease liver fibrosis in vivo;
PPARβ enhances HSC proliferation
Inflammation and fibrosis augmented
by leptin, but decreased in leptinor leptin receptor-deficient mice
Extensive fibrosis in adiponectinknockout mice; fibrosis alleviated
by recombinant adiponectin
Downregulated in cirrhosis

Abbreviations: BDL: bile duct ligation; CCl4: carbon tetrachloride; CTGF: connective tissue growth factor; DMN: dimethylnitrosamine;
HSCs: hepatic stellate cells; IGF: insulin-like growth factor; Pref-1/dlk1: preadipocyte factor-1/delta-like 1; PPAR: peroxisome proliferatoractivated receptor; TAA: thioacetamide.
* "Mixed" indicates that the population with liver cirrhosis included a mixture of patients with chronic hepatitis C, alcoholic liver cirrhosis,
primary sclerosing cholangitis, etc.
† Numbers in parentheses indicate the references.

fibrosis comes from 2 studies which show that
insulin treatment increases the proliferation of HSCs
and the production of connective tissue growth factor
in vitro.(24,25) IGFs are 4 to 5 times more potent than
insulin for the proliferation of HSCs and promotion
of type I collagen accumulation by HSCs. (24)
Interestingly, cirrhotic patients have low blood IGF-I
and IGF-binding protein (IGFBP)-3 levels. (26,27)
Treatment of carbon tetrachloride (CCl4)-induced rat
liver cirrhosis with IGF-1 reduces oxidative damage,
improves liver function, and ameliorates fibrosis.(28)
Impaired intestinal sugar transport in cirrhotic rats is
also corrected by low doses of IGF-I.(29) These findings illustrate the controversial results from the in
vitro study, which indicated a profibrogenic effect of
IGFs, and those from the in vivo study, which
revealed an anti-fibrogenic effect of IGFs. Currently,
there are insufficient data to explain such discordant
findings. Both phosphatidylinositol 3-kinase (PI3-K)
and extracellular signal-regulated kinase (ERK) are
involved in IGF-I-induced HSC mitogenesis, whereas insulin stimulates mitogenesis through a PI3-Kdependent and ERK-independent pathway.(24)
Insulin resistance is a pathogenic factor in nonalcoholic steatohepatitis (NASH), a progressive form
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of NAFLD that can lead to liver fibrosis and cirrhosis. (30,31) A comparative study of a subset of 36
patients with less-severe NASH contrasted with 36
age- and gender-matched patients with chronic
hepatitis C virus (HCV) of comparable fibrotic
severity showed that insulin resistance was significantly higher in those with NASH than in comparable cases of HCV. (32) Even in non-diabetic HCVinfected patients, insulin resistance is related to the
grade of liver fibrosis and occurs at an early stage of
HCV infection. (33) Interestingly, in a study of 30
adults with NASH and a BMI of 25 kg/m2 treated for
48 weeks with rosiglitazone, a PPAR-gamma ligand,
insulin sensitivity improved along with the histological markers of NASH, including zone 3 perisinusoidal fibrosis.(34)
B.2. Peroxisome proliferator-activated receptors

Peroxisome proliferator-activated receptors
(PPARs) are ligand-activated transcription factors
with pleiotropic effects on lipid metabolism, glucose
homeostasis, cell proliferation, inflammation, and
fibrosis. The 3 PPAR subtypes, alpha, gamma, and
delta (or beta), have distinct expression patterns.
PPARα, the most-abundant form in the liver, potenti-
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ates fatty acid catabolism and is the molecular target
of the lipid-lowering fibrates (e.g., fenofibrate and
gemfibrozil). PPARγ is essential for adipocyte differentiation and mediates the activity of the insulin-sensitizing thiazolidinediones (e.g., rosiglitazone and
pioglitazone). PPARβ( ) may be important in controlling triglyceride levels by sensing very low density lipoprotein.(35) In the liver, Kupffer cells, like other
macrophages, express alpha and gamma isoforms,
while HSCs express the gamma isoform.(36) Ligands
of PPARγ dose-dependently inhibit HSC proliferation and chemotaxis induced by platelet-derived
growth factor. Activation of PPARγ also results in
complete inhibition of the expression of monocyte
chemotactic protein 1 at the gene and protein levels.(37) Curcumin, an antioxidant and the yellow pigment in curry, induces the expression of PPARγ in
activated HSCs and inhibits cell proliferation.(38) The
use of pioglitazone and rosiglitazone, 2 synthetic
PPARγ ligands, in a rat model of liver fibrosis
induced by either a toxin (dimethylnitrosamine or
carbon tetrachloride) or bile duct ligation significantly reduced extracellular matrix deposition and HSC
activation.(39)
However, not all of the PPAR isoforms react
similarly during liver fibrosis. In a recent study, cultured HSCs from rat livers constitutively expressed
high levels of PPARβ without significant expression
of PPARα and γ. Transcriptional activation of
PPARβ by L165041 enhances HSC proliferation.(40)
These contradictory results reflect the fact that
despite their sequence homology, PPARβ differs
from PPARα and γ during tissue responses to injury,
inflammation, and fibrosis.
B.3. Leptin

Leptin, named from the Greek leptos, which
means thin, is a 16-kd hormone. It was initially portrayed as a cure for obesity, and more than 600 publications were generated in the first 3 years after its
identification in 1994.(41,42) Leptin is the product of
the obese (ob) gene and is mainly produced in white
adipose tissue, but can also be found in other sites
such as the placenta, skeletal muscle, the gastric fundus, and culture-activated HSCs.(42-44) Serum levels of
leptin are higher in females than males, and this
trend remains true for female alcoholic cirrhotics
compared with controls. Furthermore, women in
both the cirrhotic and control groups had higher
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serum leptin levels than males, denoting genderdependent alterations in alcoholic cirrhosis.(45) In
another study of alcoholic cirrhosis, the increased
serum leptin levels in patients with cirrhosis were
directly correlated to the ascitic-free body mass
index and inversely correlated with serum creatinine.
Results indicate that the elevated circulating leptin in
patients with cirrhosis is likely caused by a combination of decreased renal extraction and increased
release from fat tissues.(46) Elevated serum leptin correlates with energy expenditure in cirrhotics.(47) A
study of 77 consecutive patients with chronic hepatitis C and 22 healthy controls further confirmed that
the severity of liver fibrosis is associated with high
serum leptin levels.(48) Contrasting results were found
in another study on NASH, which showed that serum
leptin levels in NASH patients correlated with hepatic steatosis but not fibrosis. The authors of the latter
study proposed that the relationship between leptin
and steatosis reflects a pathogenic role of leptin in
hepatic insulin resistance and/or a failure of the antisteatotic actions of leptin in NASH.(49)
The role of leptin in liver fibrogenesis is clearly
demonstrated in the murine model of liver fibrosis.
In C57B1/6 mice treated with an intraperitoneal
injection of CCl4, simultaneous intraperitoneal
administration of recombinant murine leptin augments the inflammatory and profibrogenic
responses.(50) In another study of mice treated with
thioacetamide for 4~8 weeks, prominent hepatic
fibrosis was found in lean littermates, but not in
ob/ob mice devoid of leptin.(51) A study using male
Zucker (fa/fa) rats and their lean (+/?) littermates
treated with thioacetamide also showed that in contrast to the lean littermates, fibrosis was almost completely prevented in the Zucker rats in which a mutation in the leptin receptor precludes signaling by leptin.(52) Given that there is increasing incidences of
obese patients worldwide at risk for NASH, along
with the possibility of leptin-mediated liver fibrogenesis, these studies create another tantalizing story in
the field of liver fibrosis.(53)
B.4. Adiponectin

Adiponectin is an adipocytokine identified by
screening adipose-specific genes in the human
cDNA project. (54) Adiponectin and its mouse
homolog, Acrp30/AdipoQ, are abundantly synthesized by adipose tissue and secreted in plasma.

Chang Gung Med J Vol. 27 No. 12
December 2004

859

Jiin-Haur Chuang, et al
Adipocentric view of liver fibrosis

Concentrations of adiponectin in human plasma
range from 5 to 30 µg/ml, which is 3 orders of magnitude higher than concentrations of most other hormones.(23,55) Concentrations are lower in non-obese
diabetic subjects as well as in type 2 diabetes
patients. (55,56) Adiponectin is known to increase
insulin sensitivity in both muscles and the liver by
increasing tissue fat oxidation and suppressing adhesion molecule expression in vascular endothelium
and cytokine production by macrophages, thus
inhibiting inflammatory processes such as atherosclerosis.(23,57) Strangely, despite adiponectin's function as an insulin-sensing hormone, a recent study of
20 patients with advanced cirrhosis revealed elevated
circulating adiponectin levels in cirrhotics compared
with controls. The levels were negatively correlated
with hepatic protein synthesis and positively with
increased portal pressure, but not with serum
transaminases.(58) The latter finding is not consistent
with the results of a study of 257 healthy Caucasian
subjects, which showed that adiponectin levels were
negatively correlated with transaminases. A low
level of plasma adiponectin in the latter study predicted hepatocellular dysfunction.(59)
A study using the murine model of CCl4induced liver injury also showed marked elevation of
adiponectin mRNA expression within 18 h after
CCl4 treatment, which suggests that adiponectin may
act as an anti-inflammatory protein that participates
in the repair process during tissue injury. (60) In
adiponectin-knockout mice, administration of 300 µl
CCl4/kg body weight for 12 weeks induced extensive liver fibrosis compared with wild-type mice.
Injection of adenovirus-producing adiponectin before
CCl4 (1000 µl/kg body weight) treatment prevented
liver fibrosis in wild-type mice.(61) In a study of alcoholic and nonalcoholic fatty liver diseases in mice,
circulating concentrations of adiponectin significantly decreased following chronic consumption of a
high-fat, ethanol-containing diet. Delivery of recombinant adiponectin to nonalcoholic obese ob/ob mice
dramatically alleviated the hepatomegaly, steatosis,
and alanine aminotransferase abnormality.(62) Results
of these studies imply that in addition to decreasing
hyperglycemia and reversing insulin resistance,
adiponectin may attenuate liver inflammation and
fibrosis, which suggests a potential clinical application for adiponectin and its agonist in the treatment
of liver diseases.
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B.5. Preadipocyte factor-1 (Pref-1)/Delta-like 1
(Dlk1)

Preadipocyte factor-1 (Pref-1) was first cloned
and characterized by Smas and Sul as a novel regulator of adipocyte differentiation.(63) Pref-1 mRNA is
abundant in 3T3-L1 preadipocytes, but its expression
is completely abolished during their differentiation
into adipocytes. The protein contains an epidermal
growth factor-like repeat and is also known as Deltalike1 or dlk1, because it is highly homologous to
invertebrate homeotic proteins, including Delta and
Notch.(64) Pref-1/dlk1 is differentially expressed in
small cell lung carcinomas and neuroendocrine
tumor cell lines and functions as a growth inhibitor
of hematopoietic progenitor proliferation. (64,65) The
transformation of adipocytes from cells that store
triglycerides to fatty acid-oxidizing cells is accompanied by loss of the adipocyte markers including leptin, and by the appearance of Pref-1.(66) These findings suggest the potential of Pref-1 for treating
tumors and obesity.
Two recent studies used a DNA microarray to
simultaneously identify Pref-1/dlk1 as a regulator of
leiomyoma growth and liver fibrogenesis, respectively. (67,68) In the former study which screened genes
associated with the growth regulation of uterine
leiomyomata, Pref-1 was upregulated by 70-fold in
leiomyomas, indicating a role for Pref-1 in the oncogenesis of smooth muscle cells.(67) In the latter study
on genes participating in liver fibrosis associated
with biliary atresia, Pref-1/dlk1 was downregulated
by 4-fold in the late stage of biliary atresia compared
with the early stage. Moreover, while Pref-1/dlk1
mRNA was present only in hepatocytes, the protein
was found in alpha-smooth muscle actin-positive
cells that are morphologically and immunohistochemically identical to activated HSC/myofibroblasts. The expression of Pref-1/dlk1 mRNA was correlated with the expression pattern of procollagen
alpha 1(I).(68) These results imply that Pref-1/dlk1 is
involved in the activation of HSC and in the production of collagen.
C. Pro- or anti-fibrogenic mechanisms
C.1. Insulin and insulin-like growth factors (IGFs)

When incubated in the presence of insulin,
HSCs are activated, and connective tissue growth
factor mRNA is upregulated by more than 5-fold.(24,25)
IGFs are more potent than insulin in stimulating the
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proliferation and production of type I collagen by
human HSCs in vitro.(24) The above results imply a
direct effect of IGFs and insulin on HSC activation.
In the resolution of biliary fibrosis induced by bile
duct ligation and subsequent biliodigestive anastomosis, apoptosis by HSCs plays a critical role. The
addition of IGF-I to the medium that contains activated HSCs isolated from rat liver inhibits HSC
apoptosis.(69) These in vitro adverse effects of IGF-I
on the activation of HSCs and inhibition of apoptosis
are reflected by the potential role of IGF-I in fibrotic
lung disease,(70) but are inconsistent with the in vivo
findings that showed a protective effect of IGF-1 on
experimental liver cirrhosis induced by common bile
duct ligation and by CCl4 intoxication (Fig. 1).(28,29,71)
Controversy also exists concerning the role of IGF-I
in inflammation. In clinical studies, a low plasma
IGF-I level confers a high risk of disability and death
in older women and is associated with an increased
risk of cardiovascular disease.(72,73) But in rodents,
calorie restriction decreases the levels of plasma glucose and IGF-I, which in turn postpones or attenuates immunosenescence and inflammation and
extends longevity.(74) One recent study of 13 thermally injured children showed that insulin treatment
increases serum IGF-I and IGFBP-3, decreases fatty
acid and serum triglycerides, decreases proinflammatory cytokines and proteins, and significantly
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decreases the requirement of albumin substitution to
maintain normal levels. (75) Another study treating
patients with NASH and obesity using the PPARgamma ligand, rosiglitazone, for 48 weeks found that
it improves insulin sensitivity and histological markers of NASH.(34)
To date, the results of available studies indicate
pleiotropic roles of insulin and IGFs in liver inflammation and fibrosis. The fibrogenetic mechanism of
these molecules is still far from clear.
C.2. Peroxisome proliferator-activated receptors
(PPARs)

Peroxisomes are organelles in vertebrate animal
cells, especially liver and kidney cells, which are rich
in the enzymes peroxidase, catalase, and D-amino
acid oxidase and are involved in fatty acid oxidation,
purine metabolism, and gluconeogenesis. In 1990,
PPARs were cloned. These receptors are members of
the large steroid/retinoid nuclear receptor family.(36)
Fatty acids and eicosanoids are natural PPAR ligands. Endogenous regulators such as glucocorticoids
may play critical roles in the tissue expression of
PPARs, notably PPARα.(76) PPARα deficiency results
in reduced β-oxidative degradation of these inflammatory fatty acid derivatives and a prolonged
response to inflammatory stimuli. On the other hand,
PPAR activators may inhibit the activation of inflam-

Fig. 1 Diagram showing the effect of insulin and other molecules on hepatic stellate cell (HSC) proliferation, and the production of
fibrogenic or anti-fibrogenic factors such as connective tissue growth factor (CTGF), transforming growth factor (TGF) β1, matrix
metalloproteinases (MMPs) and their tissue inhibitors (TIMPs), epidermal growth factor (EGF), and interleukin-6 (IL-6), which
may subsequently cause synthesis or degradation of the extracellular matrix (ECM). Adiponectin and ligands of PPARα and PPARγ
are inhibitory to HSC activation, while leptin and in vitro effects of insulin and IGF-1 are stimulatory to HSC proliferation.
However, the in vivo effects of insulin and IGF-1 are anti-fibrogenic. The effect of Pref-1/dlk1 on HSC activation is currently undetermined.
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matory response genes, such as IL-2, IL-6, IL-8,
TNF-α, and metalloproteases, by negatively interfering with the NF- B, STAT, and AP-1 signaling
pathways.(77) A study of murine ischemia-reperfusion
injury indicated that endogenous PPARγ mediates
anti-inflammatory activity.(78) However, the results of
another study using embryonic stem cells in which
both alleles of the gene expressing PPARγ were
deleted showed that the anti-inflammatory effects of
PPARγ agonists are independent of PPARγ.(79)
In the liver, in addition to decreasing HSC proliferation through their direct effects, PPARγ ligands
may attenuate alcohol-induced fatty liver through
upregulation of c-Met.(80) As c-Met is the receptor of
the hepatocyte growth factor (HGF) and HGF gene
therapy may prevent liver cirrhosis or cause its
regression, it is reasonable to assume that PPARγ ligands may prevent liver fibrosis through the cMet/HGF receptor.(81,82) The mechanism of attenuation of ethanol-induced liver dysfunction or nutritional fibrosis and steatohepatitis in mice by the
PPARα agonist, Wy-14,643, is less well known, but
may involve lipid peroxidation.(83,84)
Taken together, the anti-inflammatory effects of
PPARs are less well established. PPARα and PPARγ
ligands or agonists are potential antifibrotic agents
through their direct inactivation of HSC activity or
their indirect upregulation of the c-Met/HGF receptor and interference with oxidative stress.
C.3. Leptin

Among liver cells, HSCs are known to regulate
hepatic fibrosis. The profibrogenic role of leptin is
manifested by induction of alpha2 (I) collagen gene
production in cultured rat HSCs.(85) However, leptin
may also act on other liver cells, such as Kupffer
cells. Isolated Kupffer cells from leptin receptordeficient Zucker (fa/fa) rats showed significantly
reduced lipopolysaccharide (LPS) uptake and TNFalpha production compared with control rats. Kupffer
cell dysfunction may explain why leptin receptordeficient Zucker (fa/fa) rats exhibit retarded development of pig serum-induced liver fibrosis.(86)
The secondary structure of leptin is similar to
that of interleukin-6 (IL-6), and the leptin receptor is
homologous to the gp130 signal-transducing subunit
of IL-6-type cytokine receptors.(87) The full-leptin
receptor, not a major naturally occurring truncated or
mutant form, has signaling capabilities of IL-6-type
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cytokine receptors. (88) However, in 1 study, IL6/gp130 pathways were protective during fibrosis
progression in CCl4-induced chronic liver diseases
in mice.(89) IL-6-deficient mice are therefore prone to
develop CCl4-induced or bile duct ligation-induced
liver fibrosis.(90,91) If leptin and the leptin receptor
function in the same way as IL-6, their roles in liver
fibrosis should be similar to the results of a study
which showed attenuated liver fibrosis in CCl4-treated IL-6-deficient mice.(92)
In summary, leptin and the leptin receptor are
profibrogenic by their activation of HSCs, modulation of Kupffer cell function, or signaling through the
IL-6/gp130 pathway.
C.4. Adiponectin

In cultured HSCs, adiponectin suppresses
platelet-derived growth factor (PDGF)-induced proliferation and migration of HSCs and attenuates
expressions of transforming growth factor (TGF)
beta 1 and connective tissue growth factor gene.(61) In
cultured human aortic smooth muscle cells
(HASMCs), adiponectin strongly suppresses
HASMC proliferation and migration through directly
binding with PDGF-BB and generally inhibits
growth factor-induced ERK signals in HASMCs.(93)
As PDGF is the most-potent mitogen for HSCs,(94) it
is likely that adiponectin may inhibit HSC proliferation and migration by directly binding with PDGF. In
3T3-L1 adipocytes, adiponectin gene expression and
secretion are inhibited by IL-6. (95) The reciprocal
effect of these 2 adipokines on adipocytes may imply
that the same effect also holds true for HSCs.
Adiponectin may regulate liver fibrosis through its
modulation of IL-6 expression.
In addition to HSCs, adiponectin may exert its
effect on Kupffer cells and thus affect liver fibrosis.
A study on human monocyte-derived macrophages
incubated with physiological concentrations of
human recombinant adiponectin showed that
adiponectin treatment dose-dependently increases
TIMP-1 mRNA levels. (96) The expression of
adiponectin receptors in human macrophages is
induced by agonists of PPARα and PPARγ. The latter implies crosstalk between adiponectin and the
nuclear receptors PPARα and PPARγ.(97) The fact that
leptin treatment markedly increases plasma
adiponectin in ob/ob mice indicates direct stimulation of adiponectin gene expression by leptin.(98) The
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interaction of adiponectin with PPARs and leptin in
cells or organ systems other than the liver can also be
inferred in the liver.
Together, the above data indicate a diverse
mechanism in which adiponectin may exert its effect
on attenuating liver fibrosis.
C.5. Preadipocyte factor-1 (Pref-1)/Delta-like 1
(Dlk1)

Pref-1/dlk1 is a member of the epidermal
growth factor (EGF)-like homeotic family. EGF
alone may stimulate the proliferation and migration
of HSCs, and the effect is markedly enhanced when
co-stimulated with TGF-beta1.(94,99,100) The presence of
EGF in a cirrhotic liver may also indicate EGF-medicated hepatocyte proliferation within the regenerative nodule.(101) The same was true for Pref-1/dlk1 in
liver regeneration after a partial hepatectomy in the
rat.(102) A study of ear healing in mice showed high
expression of Pref-1/dlk1 in the wound, which may
have contributed to the regenerative capacity of the
ear wound.(103) Our study of patients with biliary atresia denoted a possibility that Pref-1/dlk1 activates
HSCs, which may in turn increase the transcription
of procollagen mRNA and the synthesis of collagen.(68) However, the exact role Pref-1/dlk1 plays in
liver fibrosis is still unresolved (Fig. 1).
D.Will treatment of obesity affect the progression of liver fibrosis?

The epidemic of obesity is steadily increasing
around the world, and has caused enormous public
impacts with at least 300,000 premature deaths and
at least US$90 billion in direct health care costs
annually in the US alone.(104) In Taiwan, the prevalence of obesity in children and adolescents also follows the trend in Western countries.(105,106) Surgery for
severe obesity, a bariatric operation, has enormously
increased from about 16,000 in the early 1990s to
about 103,000 in 2003 in the US.(107) One interesting
finding following this trendy operation is a change in
the liver's status. In addition to a high incidence of
steatosis (86%) in a group of 551 severely obese
patients undergoing anti-obesity surgery, fibrosis was
found in 74% and cryptogenic cirrhosis in 2%.(108)
Furthermore, among the 104 patients who underwent
a reoperation in a total of 689 patients receiving
bariatric surgery, severe fibrosis (grades 3~5)
decreased in 28 while mild fibrosis (grades 1~2)

862

appeared in 42. Most impressively, there was a
decrease in fibrosis from a mean grade of 5 to 3, as
well as reduced inflammation, in 11 patients with cirrhosis.(109) The results of the latter study are meaningful, as obesity appeared to be a risk factor for cirrhosis-related death or hospitalization among persons
who consumed little or no alcohol in a populationbased cohort study.(110) The results are also in agreement with those of a previous study, which showed a
reduction in steatosis and a significant decrease in
Knodell fibrosis scores after a 3-month weight reduction program in obese patients with chronic hepatitis
C.(22)
How does weight reduction affect the liver status of patients with morbid obesity? Based on 2 studies involving Asian populations, weight reduction
significantly elevated plasma adiponectin levels in
diabetic as well as nondiabetic subjects.(111,112) In a
study of 60 Western women randomly assigned to an
intervention group receiving a change of lifestyle to
reduce weight by 10% or more and the control group
without weight reduction over a period of 2 years, a
decrease in the body mass index in the intervention
group was associated with significant decreases in
serum IL-6, IL-18, and CRP and a significant
increase in adiponectin.(113) The decrease in inflammatory markers, including IL-6, IL-18, TNF-alpha,
tissue plasminogen activator, and von Willebrand
factor, is also significant in women who reduce
weight using liposuction or by using long-acting
pegylated recombinant leptin.(114,115) Therefore, at least
the decrease in IL-6 and the increase in adiponectin
are implicated in the change of liver status with
weight reduction, as these 2 cytokines are involved
in liver fibrogenesis. Since the liver is not the sole
organ for the production of IL-6 and adiponectin, the
exact mechanism underlying the alleviation of liver
cirrhosis by weight reduction remains to be elucidated.
E. Perspectives in tackling liver fibrosis exacerbated by deranged lipid metabolism

The liver is central for the metabolism of nutrients, hormones, growth factors, and cytokines. The
recent epidemic explosion in the conditions associated with NAFLD lies in public awareness of type 2
DM, obesity, and dyslipidemia. The fact that steatosis contributes to the progression of fibrosis in HCVrelated disease in a pattern similar to that observed in
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NAFLD may lead to multimodal therapy, including
weight loss, antioxidants, and exploiting the interactions of HCV with host insulin and lipid
metabolism.(116) Since certain HCV proteins, such as
core and NS5A, induce derangement of lipid metabolism and alter signal transduction of infected hepatocytes leading to the production of oxygen radicals
and profibrogenic mediators, a combination of
cytokine strategies with other potential antifibrotic
agents appears promising. (117) The same is true for
alcohol liver disease and NAFLD, as there is multidimensional regulation of gene expression by fatty
acids(118,119) and adipocytokines.
Although there are no data to support the association of obesity with liver fibrosis in chronic hepatitis B, 1 recent publication indicated that DM may
play a role in the progression of liver cirrhosis in
chronic HBsAg carriers in Taiwan.(120) Further study
is required to implicate aberrant lipid metabolism in
liver cirrhosis associated with chronic hepatitis B
and to develop a strategy to halt this untoward
process.
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