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Epidemiology of non-alcoholic fatty liver disease (NAFLD)

S.Bellentani, M.D., Ph.D.
Centro Studi Fegato-Azienda USL di Modena ï Gastroenterologia ï Distretto
Sanitario di Carpi (Modena), Italy

Non-alcoholic fatty liver disease (NAFLD) is becoming the most common liver
disease worldwide, and is considered now the hepatic manifestation of metabolic
syndrome (MS). The prevalence (P) of NAFLD in the general population of the
Western countries is estimated between 20% and 30%. Approximately 2ï3% of the
same population will have a progressive chronic liver disease, evolving in NASH,
cirrhosis and HCC. The P of NAFLD is higher in males and is increasing with age,
but it also varies according to the population studied, the diagnostic criteria used, the
socioeconomic differences and the lifestyle habits. Usually population-based studies
provide better estimates of the P of NAFLD in respect to autopsy studies, or studies
performed exclusively in selected series, but few such studies have been reported to
date. The diagnosis of NAFLD within the population studies is usually reached by
ultrasonography that underestimates the P, because it detects steatosis only when
fat on liver biopsy exceeds 20ï30%. Both the Dallas Heart Study and our Dionysos
study reported that 30% of the adults in US and 25% in Italy have NAFLD. In that
studies, 79% and 55% of patients with NAFLD had normal aminotransferase levels,
suggesting that using liver enzymes as a marker surrogate for NAFLD the P of
NAFLD is underestimated. Recently, the P of NAFLD was found to be 20% also in
3000 hospitalized patients from Romania. The most important risk factors for primary
NAFLD include male gender, obesity, increased waist circumference, MS, insulin
resistance and type 2 diabetes mellitus. In obese adults P of NAFLD could reach
80ï90%. The P of NAFLD is higher in patients with diabetes (30ï50%), and with
hyperlipidemia (up to 92%). NAFLD has also reached epidemic proportions among
children and adolescent, due to the parallel increase in P of obesity and diabetes.
Some studies indicate that the P of NAFLD among children is ranging between 3% to
10%, increasing up to 38ï53% among obese ones. The P in children significantly
increased from 2.6% a decade ago to 5% today, with a ratio boys to girls of 2:1. The
incidence and natural history of NAFLD are still not well defined, but hopefully the
majority of individuals with early NAFLD do not progress to NASH. Incidence is
increasing in Western countries, but is strictly linked to the lifestyle and to the
environmental risk factors.
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The natural history of NAFLD

Stephen H. Caldwell, MD; Curtis Argo, MD
GI & Hepatology Division, University of Virginia, Charlottesville, VA, USA

Although NAFLD (non-alcoholic fatty liver disease) was often considered in the past
to be a benign condition, studies in the late 1980ôs and early 1990ôs revealed the
potential for progression to both cirrhosis and hepatocellular cancer subsequently
leading to the association between NASH and many cases of cryptogenic
cirrhosis.1, 2, 3 The explanation for these contrasting perspectives came with the
recognition of subtypes of NAFLD.4 NASH, which constitutes roughly 1/3 of NAFLD,
is usually defined as steatosis with inflammation, cellular ballooning and fibrosis and
clearly has the potential to progress to advanced cirrhosis. In contrast, non-NASH
fatty liver (NNFL) characterized by simple steatosis or steatosis with minimal
inflammation is often stable.5 The contrasting clinical course between NASH and
NNFL (discussed below) in spite of similar ages in cohort studies suggests that these
two conditions diverge early in the course of NAFLD although some patients probably
transition from NNFL to NASH. An increased cancer risk is now recognized in all
forms of NAFLD although more so in NASH with cirrhosis.6, 7

Histological studies: A number of cross-sectional liver biopsy studies have
demonstrated variables predictive of more severe injury on the initial diagnostic
biopsy.8, 9, 10, 11, 12, 13 These include older age, higher BMI, presence of diabetes
mellitus, and abnormal aminotransferases. Extending these results, longitudinal
studies of NASH using paired or serial biopsies performed over time have shown
interesting results which include óspontaneousô improvement in some patients ï
possibly due to voluntary adoption of recommended lifestyle changes such as
exercise, changes in diet and weight loss. However, histological progression
(fibrosis) occurs more frequently than improvement (38% versus 21%) and about
one-third of patients develop bridging fibrosis or cirrhosis (stage 3 or 4 fibrosis) over
roughly
5ï10 years from the time of the original diagnosis. Ironically, aminotransferases and
steatosis often decrease with worsening fibrosis. Although progression to cirrhosis is
usually somewhat indolent, it can occur in much shorter time over 1ï2 years. In a
recent comprehensive review of longitudinal studies with serial biopsies, progression
to advanced fibrosis was especially associated with age at the time of diagnosis and
the degree of inflammation on the initial diagnostic biopsy.14 Among patients
diagnosed with NASH-related cirrhosis, the risk of a major complication of portal
hypertension is 17%, 23% and 52% at 1, 3 and 10 years respectively.15 As
mentioned, these patients are also at increased risk for hepatocellular cancer.

Outcomes and long term survival: As with the risk for developing histological
cirrhosis, mortality diverges between NNFL and NASH. However, the overall clinical
outcome in NASH is strongly influenced by co-morbid conditions associated with the
metabolic syndrome. Existing studies show several consistent patterns.16, 17, 18, 19

Summarizing results from these studies, the overall mortality over 10ï15 years (from
the time of the initial diagnosis) is about 10ï12% being significantly higher in NASH
versus NNFL compared to the general population. Over the same time period, the
risk of developing decompensated cirrhosis is 5ï10% and for hepatocellular cancer it
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is about 1ï2%. However, the leading causes of death revealed the following:
coronary artery disease (10%), extrahepatic malignancy (5%) and cirrhosis-related
death (2%) ï expressed as percentage of the original cohort. Although the fold
increase of cirrhosis is about 10 times more that coronary disease compared to the
general population, these surprising results present us with several new clinical
challenges. Because cirrhosis is substantially more common than the cause of death
would indicate, many patients with NASH will be dealing with co-existing liver disease
along with coronary disease and/or malignancy. The impact of underlying cirrhosis on
surgical or pharmacological interventions in these patients is likely to be substantial.
Indeed, issues of anti-platelet therapy in patients with stents for coronary disease and
underlying cirrhosis have become common sources of uncertainty in many centers. It
should also be recalled that existing long-term studies reflect patient cohorts
encountered in the 1980ôs and 1990ôs ï the results may not reflect the effects of the
burgeoning obesity epidemic and increasing prevalence of NAFLD in the pediatric
population i.e., by our present course, the problems we are seeing now are likely to
get worse. The outcome of liver transplantation in this group is also significantly
affected by systemic co-morbidities.20

Cryptogenic cirrhosis: Although other causes are well-recognized, the association
between NASH and cryptogenic cirrhosis has been confirmed across different
populations, in post-transplantation studies (examining occurrence of NASH in
patients transplanted for cryptogenic cirrhosis) and more recently in ólook-backô
histological studies.21, 22, 23, 24, 25 In the latter, as yet available only as abstracts
presented at AASLD and DDW over the past several years, there appear to be
histological markers characteristic of prior NASH including residual cellular ballooning
and glycogenated nuclei. The majority of such patients are female, about 60 years
old, with minimal liver enzyme abnormalities, with a history of obesity and/or type 2
diabetes and often with prior studies (sometimes 10ï15 years prior) showing fatty
liver by imaging or histological NASH. Obesity must be sought in the history due to
cirrhosis-related nutritional changes - loss of body fat in advanced cirrhosis can be
striking and can obscure this relationship.26 The slight preponderance of females
probably represents attrition of males due to the greater burden of coronary vascular
disease. We are not aware of studies that specifically addressed long-term survival in
this group although it is likely poor as about 1/2 of the patients from our prior cohort
presented initially with complications of portal hypertension. It is also a common
indication for liver transplantation estimated to account for 5ï10% of cases.
Hepatocellular cancer in this group tends to be diagnosed at a later stage possibly
due to inadequate surveillance.27
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Hepatic steatosis and the SREBP pathway

Chai-Wan Kim, Young-Ah Moon, and Jay D. Horton
Department of Molecular Genetics, UT Southwestern Medical Center at Dallas, TX,
USA

Non-alcoholic fatty liver disease (NAFLD) encompasses a disease spectrum ranging
from simple triglyceride accumulation in hepatocytes (hepatic steatosis) to hepatic
steatosis with inflammation (steatohepatitis), fibrosis, and cirrhosis. NAFLD is the
most frequent cause of abnormal liver function tests (LFTs) in the U.S. and is
strongly associated with insulin resistance and the metabolic syndrome. The
molecular and metabolic changes that occur in liver as a result of insulin resistance
have been only partially characterized. One important underlying metabolic change
associated with insulin resistance is elevated rates of fatty acid synthesis in liver.
Synthesis of fatty acids in liver is regulated independently by insulin and glucose.
Insulinôs ability to activate lipogenesis is transcriptionally mediated by the
transcription factor, sterol regulatory element-binding protein-1c (SREBP-1c). Insulin
signaling induces SREBP-1c expression in liver. SREBP-1c then activates all genes
required for fatty acid synthesis. In insulin resistant states, hyperinsulinemia leads to
excessive SREBP-1c activation, increased fatty acid synthesis, and excessive
triglyceride accumulation in liver. Here, we describe a novel gene that is regulated by
SREBP-1c and demonstrate that the protein this gene encodes participates in the
post-transcriptional regulation of fatty acid synthesis in liver.
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Gene-environmental interaction and visceral obesity

Norbert Stefan
Department of Internal Medicine IV, University of T¿bingen, Germany

It is widely accepted that behavioral factors are involved in the pathophysiology of
non-alcoholic fatty liver diseases (NAFLD). In this aspect an increased energy intake
is considered to represent a major player. In addition, diet composition was found to
be relevant. Furthermore, studies showed that a sedentary lifestyle with reduced
physical activity, independently of diet, represents another determinant of fatty liver.
While these risk factors may successfully be modified by moderate lifestyle
interventions, the existence of other risk factors most probably may necessitate more
intense treatment. Among them, aerobic capacity most recently was identified as a
critical factor determining liver fat content independently of exercise intensity,
indicating that the non-response to increased exercise intensity needs to be
accounted for when studying, preventing and treating NAFLD. Furthermore,
disproportionate fat distribution, particularly increased visceral adiposity releasing
humoral factors such as free fatty acids and adiponectin regulating liver fat, is
relevant.

Finally, impaired hepatic lipid oxidation as well as dysregulated lipogenesis, that are
largely regulated by genetics may be of pathophysiological relevance. In this aspect
the genes encoding adiponectin and peroxisome proliferator-activated receptor ŭ
which are involved in lipid oxidation, and acyl:CoA:diacylglycerol acyltransferase 2
which is involved in triglyceride synthesis, are important genes.

Besides these candidate genes, the recently in genome-wide association studies
identified most important fatty liver gene PNPLA3 is involved in the genesis of fatty
liver via mechanisms that are yet not fully understood. Interestingly, the relationship
of this gene with fatty liver, insulin sensitivity, dyslipidemia and subclinical
inflammation will help to clarify mechanisms involved in the consequences of fatty
liver for glucose and lipid metabolism. Particularly the recent knowledge about the
mechanisms of the hepatokine fetuin-A, which is increasingly produced in fatty liver,
in the pathogenesis of type 2 diabetes and cardiovascular disease, will help to
achieve this goal.
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The role of cytokines in human NAFLD

Herbert Tilg
Christian Doppler Research Laboratory for Gut Inflammation, Medical University
Innsbruck, Austria

Identification of the mechanisms that cause and mediate non-alcoholic fatty liver
diseases (NAFLD) are eagerly awaited although progress in the last years has been
substantial. Cytokines are involved in the physiology of a healthy liver as well as in
the pathophysiology of many acute and chronic liver diseases. These mediators are
released by almost all cell types in the liver and play a fundamental role in liver
function, hepatic inflammation, liver-cell death, cholestasis, regeneration and fibrosis.
NAFLD, the major reason for abnormal liver function in the western world, is
associated with obesity and diabetes and characterized by insulin resistance (IR).
Insulin resistance is characterized by a complex interaction between genetic
determinants, nutritional factors and lifestyle and it is increasingly accepted that
cytokines and adipocytokines are critically involved in disease manifestation and
progression and even more importantly in regulation of insulin action. IR is regulated
mainly by proinflammatory mediators such as tumor necrosis factor-alpha (TNF) or
IL-6. The importance of TNF in human and animal fatty liver diseases, both due to
genetic manipulation and overnutrition, has been clearlydemonstrated. Furthermore,
neutralization of TNF activity improves IR and fatty liver disease in animals.
Adiponectin is a potent TNF-neutralizing anti-inflammatory adipocytokine and in vitro
and experimental animal studies have shown the importance of this mediator in
counteracting inflammation and IR. Anti-inflammatory effects of adiponectin are
exerted both by suppressing TNF synthesis as well as induction of anti-inflammatory
cytokines such as interleukin-10 (IL-10) or IL-1 receptor antagonist. The TNF-
adiponectin balance therefore is believed to play an important role in the
homeostasis of insulin metabolism.
Hepatic IR, however, is also affected by other cytokines and/or intracellular
messengers. Whereas IL-6 is critically involved and induces IR, various suppressor
of cytokine synthesis proteins and kinases such as c-Jun N-terminal kinase and
I (kappa) B kinase-beta, a kinase located proximal of NFəB seems of critical
importance. Hepatocyte-specific overexpression of NFəB is associated with IR and
can mimic all features of fatty liver disease convincingly demonstrating the key role of
inflammation in human NAFLD. All these data clearly suggest that
cytokines/adipocytokines are involved in a major way in the phenotype of fatty liver
diseases.
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Hypothalamic control of hepatic glucose and lipid metabolism

C. B¿ttner
Mount Sinai Hospital, Endocrinology, Diabetes & Bone Disease, New York, NY, USA

The liver plays a pivotal role in the regulation of glucose metabolism because it is the
key organ that maintains glucose levels during fasting. The liver is also a central
organ in lipid homeostasis as it is a major site of lipogenesis and can package and
secrete newly synthesized lipids in the form of VLDL particles for further utilization by
peripheral organs like the muscle (beta oxidation) or by adipose tissue (storage). An
emerging body of literature has demonstrated the important role of the hypothalamus
in controlling hepatic glucose production and VLDL secretion. The hypothalamus
senses circulating nutrients and hormones, conveying the energy status to the
central nervous system, which in turn controls hepatic glucose production and VLDL
secretion by way of the autonomic nervous system. Overfeeding results in the failure
of the hypothalamus to sense circulating nutrients and hormones, and in a loss of the
central control of hepatic glucose production and VLDL secretion. We will briefly
review our current understanding of the hypothalamic control of hepatic glucose and
lipid metabolism and then discuss unpublished studies into the role of insulin in
regulating this brain -- liver pathway. Furthermore, our studies provide evidence for a
close relationship between the hypothalamic control of metabolism and innate
immunity.
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Metabolic factors and NAFLD as co-factors in other liver
diseases

E. Powell
Royal Prince Charles Hospital, Brisbane, Australia

Over the last few years, the paradigm in hepatology has changed from focusing on a
single liver disease to considering concurrent diseases, in particular obesity and
related metabolic factors. Obesity has reached epidemic proportions globally and is
associated with insulin resistance, steatosis and a low-grade systemic inflammatory
state. These metabolic factors have a synergistic role in the natural history and
treatment outcomes related to chronic liver disease. This is characterized best in
chronic hepatitis C where steatosis and insulin resistance are caused by viral and
metabolic effects. NAFLD and related metabolic abnormalities also exacerbate other
diseases, such as alcoholic liver disease, hemochromatosis and drug-induced liver
disease. In addition there is growing evidence linking obesity and type 2 diabetes
with hepatocellular carcinoma in subjects with chronic viral hepatitis. The
pathogenesis of co-morbid disease may be related to increased oxidative stress,
inflammatory injury and cell death, along with altered hepatocyte regeneration and
repair. Hyperinsulinemia and other metabolic factors may also have a direct role in
the progression of liver injury. Data indicate that weight reduction improves steatosis
and inflammation in patients with chronic hepatitis C. This has important clinical and
therapeutic implications and suggests that obesity should be actively addressed in
the management of patients with other chronic liver diseases.
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Hepatic NFəB and obesity-induced insulin resistance

F.T. Wunderlich
Institute for Genetics, Cologne, Germany

Development of obesity-associated insulin resistance and diabetes mellitus type 2
has been linked to activation of proinflammatory pathways in the liver, leading to
impaired insulin signal transduction. To further define the role of hepatic NF-əB-
activation in this process, we have analyzed glucose metabolism in mice with liver-
specific inactivation of the NF-əB essential modulator gene (NEMOL-KO mice)
exposed to high fat diet (HFD). These animals are protected from the development of
obesity-associated insulin resistance, highlighting the importance of hepatic NF-əB
activation in this context. On the other hand, hepatic NEMO deficiency synergizes
with HFD in the development of liver steatosis as a consequence of decreased
PPAR-Ŭ and increased PPAR-ɔ expression. Steatosis interacts with increased
inflammation causing elevated apoptosis in the livers of these mice under HFD.
These changes result in liver tumorigenesis of NEMOL-KO mice under normal diet, a
process which is largely aggravated when these mice are exposed to HFD. These
data directly demonstrate the interaction of hepatic inflammation, dietary composition
and metabolism in the development of liver tumorigenesis.
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Chemokines as immune mediators of liver diseases associated
with the metabolic syndrome

Hermann E. Wasmuth
Medical Department III, University Hospital Aachen, Germany

Chemokines are ubiquitous chemotactic molecules which play major roles in acute
and chronic inflammatory conditions. They are divided into four families defined by
the number of amino acids between the N-terminal cysteine residues (CC, CXC,
CCX and CX3C). The largest families are the CC and the CXC chemokines,
members of which are expressed in acutely inflamed and fibrotic livers (Wasmuth et
al. J Hepatol 2008).
The CXC chemokine family is a pleiotropic family of molecules which are involved in
the trafficking of various leukocyte subsets, angiogenesis and vascular remodelling.
This class of chemokines has been shown to play a pivotal role in pulmonary
diseases. We have recently investigated members of this class in chronic liver
diseases in mice and humans and could show that CXCL9, an interferon-gamma
inducible chemokine, is strongly up-regulated in patients with fatty liver and NASH
(Wasmuth et al. Gastroenterology 2009). The function of this chemokine in the liver
seems to be mediated by two different effects. On the one hand it directly leads to
the recruitment of Th1-polarized T cells into the liver which might lead to the
inflammatory phenotype seen in NASH. On the other hand, CXCL9 has direct effects
on the migration and collagen production of activated hepatic stellate cells.
CXCL9 specifically binds to the receptor CXCR3, which is present on diverse cell
types within the liver. Genetic deletion of this receptor leads to pronounced liver
damage in acute and chronic toxic injury models (Wasmuth et al. Gastroenterology
2009). However, its specific effects in fatty liver models have yet to be determined.
Regulated upon activation, normally T cell expressed and secreted (RANTES, CCL5)
is a prominent member of the CC chemokine family. CCL5 is highly expressed in
fatty liver and in white adipose tissue, but its in vivo effects have not yet been
established in models of fatty liver disease. We have therefore treated CCL5
knockout and wild-type mice with a choline and methionine deficient (MCD) diet.
After 8 weeks of feeding, NASH was established in both animal strains, but liver
damage was significantly reduced in the CCL5 knockout animals. This phenotype
was associated with a strong reduction of immune cell infiltration and down-
regulation of fibrosis-related genes (Tgf-ɓ, Timp-1, Sma) in the knockout animals
(Berres et al. J Hepatol 2008 [A]). These in vivo results are well in line with our earlier
results that genetic variations in the gene of CCL5 strongly influence disease
outcomes in hepatitis C infection (Wasmuth et al. Hepatology 2004). CCL5 binds to
three common receptors, CCR1, CCR3 and CCR5. However, recently a further CCL5
receptor has been described which has no classical signalling functions and is
therefore considered as a scavenger receptor. This receptor is termed D6 and
targets its ligands to degradation after internalisation. We could recently shown by
genetic analysis that this function of D6 also seems to be an important aspect in the
resolution of inflammation during chronic liver diseases (Wiederholt et al. Human
Immunol 2008). Accordingly, D6 knockout mice have an augmented liver damage
after toxic (Berres et al. Biol Chem 2009), but also after metabolic injuries.
Specifically, mice with a targeted deletion of D6 show more liver fibrosis and a more
pronounced inflammatory infiltrate after a NASH inducing diet (MCD) compared to
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their wild-type littermates. Thus, scavenging of inflammatory CC chemokines might
be a novel mechanism to treat inflammatory liver diseases associated with the
metabolic syndrome.
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Liver biopsy and liver histology in NAFLD/NASH

P. Schirmacher, T. Longerich
Institute of Pathology, University Hospital, Im Neuenheimer Feld 220,
69120 Heidelberg, Germany

Non-alcoholic fatty liver disease (NAFLD) is one of the most prevalent liver diseases
and shows a dramatically rising incidence especially in western industrialized
countries. Due to its relevance NAFLD is an important clinical and diagnostic
problem.
The diagnosis of NAFLD requires the existence of steatosis (> 5%; > 50% = fatty
liver) in the absence of significant alcohol consumption (mostly < 20 g/day). In case
of relevant inflammation that is pathogenetically linked to the steatosis it is termed
non-alcoholic steatohepatitis (NASH). While pure steatosis represents a relatively
harmless and rapidly reversible condition without significant tendency to progression,
NASH carries a significant morbidity and progression risk. Non-invasive methods are
not reliable in the establishment of diagnosis and the definition of disease extent in
NASH, making biopsy based histopathological evaluation the diagnostic gold
standard. Since therapeutic options in NASH are currently limited, indication for
biopsy is made in the clinical context. It is predominantely performed in unclear
clinical constellations, prior to invasive measures (e.g. bariatric surgery), for follow-up
and in the context of clinical studies.
The histological hallmarks of NASH are steatosis, hepatocellular ballooning
(Ñ Mallory-Denk Bodies), necroinflammation, and with progression of the disease the
development of fibrosis, which shows a characteristic perisinusoidal (óchicken wireô)
fibrosis comparable to alcoholic liver disease, and all its consequences. For the
semiquantitative assessment of necroinflammation (grading) and fibrosis (staging) a
worldwide implemented and accepted (although not prospectively evaluated) score
(according to Kleiner and Brunt) is available.
Although histology is not able to reliably distinguish ASH/AFLD and NASH/NAFLD, it
may give valuable hints. NASH has the tendency for more steatosis, so-called
glycogenated nuclei, and less necroinflammatory activity. Peculiar forms of NASH
are pediatric NASH and chemotherapy/drug-associated NASH.
Future development of biopsy diagnosis will be coupled to the development of
differential systemic therapeutic approaches (selection, prediction). Especially in the
context of clinical studies a detailed, semiquantitative histological evaluation for the
detection of potential predictive parameters should be considered.
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Non-invasive assessment of liver fibrosis ï Serum biomarkers

Prof. William Rosenberg
Centre for Hepatology, University College London, UK

Histological examination of a liver biopsy has been the reference standard test for
liver fibrosis. Research over the last decade has established that the liver biopsy is
hazardous, costly and staging of fibrosis is inaccurate, rendering the test sub-optimal
as a means of staging fibrosis and assessing prognosis. Serum tests of liver fibrosis
have been investigated through the evaluation of candidate markers. These markers
may be characterised as ñindirectò (those that reflect liver function and cellular
integrity); or ñdirectò (those that represent constituents of liver matrix or molecules
involved in matrix turnover). Studies have shown that individual markers are
moderately good at detecting severe fibrosis or cirrhosis but lack the discrimination to
differentiate between milder stages of fibrosis with accuracy. Panels of markers used
in combination are more discriminant. Recent studies using panels of non-invasive
serum markers in the secondary care setting have shown that they can out-perform
liver biopsy staging in the assessment of fibrosis, in determining prognosis and in
monitoring response to treatment in a range of chronic liver diseases. Future studies
are required to determine the utility of these tests in primary care and screening.
Research into the identification of new markers, employing discovery technologies
such as proteomics, glycomics and metabonomics are underway. Genetic
technologies are already being used to explore the assessment of risk for fibrosis
that can be used in conjunction with clinical assessment and serum marker testing to
evaluate more accurately the prognosis in individual cases. The integration of data
from different modalities of test holds further promise for improving diagnostic and
prognostic accuracy.
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Role of liver fat in the pathogenesis of insulin resistance and
type 2 diabetes

Hannele Yki-Jªrvinen
Department of Medicine, Division of Diabetes, University of Helsinki, Helsinki, Finland

Several prospective studies have shown that fat accumulation in the liver due to non-
alcoholic causes (NAFLD) preceeds and predicts type 2 diabetes and cardiovascular
disease independent of obesity and even fat distribution. While fat accumulation in
the liver appears critical for the development of the metabolic syndrome,
development of type 2 diabetes requires an additional defect in beta-cell secretion.
Both genetic and acquired factors regulate liver fat content. The heritability of liver fat
based on twin studies is ~60%. The rs738409[G] allele in the PNPLA3 (adiponutrin)
gene has recently been shown to associate strongly with increased liver fat content in
several different ethnic groups. This genetic factor seems to influence only liver fat
but not insulin sensitivity implying that liver fat and hepatic insulin sensitivity have
independent regulators. Of acquired factors, changes in body weight markedly and
rapidly change both liver fat and insulin sensitivity. Of dietary factors, those
stimulating de novo lipogenesis such as excess fructose intake appear to increase
liver fat and hepatic insulin resistance. Regarding the sources of intrahepatocellular
triglycerides, both de novo lipogenesis and peripheral lipolysis contribute to excess
fat accumulation in the liver. In such subjects, adipose tissue in inflamed and insulin
resistant and characterized by macrophage accumulation, adiponectin deficiency and
an excess of ceramides. Understanding of the molecular mechanisms underlying the
fatty liver or NASH in humans are limited because it is difficult to prove cause and
effect in human studies.
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The role of NAFLD in cardiovascular disease

G. Perseghin
Ospedale S. Raffaele, Faculty of Exercise Sciences, San Raffaele Scientific Institute,
Milan, Italy

Insulin resistance and the insulin resistance syndrome refer to a constellation of
anthropometric and metabolic features that may be summarized as
overweight/obesity, glucose intolerance, dyslipidemia and hypertension. These
anthropometric and metabolic abnormalities are associated with type 2 diabetes,
polycystic ovary syndrome, non-alcoholic fatty liver disease and cardiovascular
disease.
The liver plays a central role in the regulation of whole body glucose, fatty acid and
amino acid metabolism. It is the main source of endogenous glucose production, it is
a major site of fatty acid disposal (esterification and oxidation) and of amino acid
metabolism, and it is the primary site of insulin degradation. In support of the
supremacy of the role of the liver in the onset of insulin resistance and insulin
resistance syndrome and potentially of the cardiovascular risk in these patients we
may state that individuals with NAFLD are characterized by 1) alterations of the
endothelial function 2) altered surrogate markers of atherosclerosis such as the
carotid intima media thickness 3) higher CAD when analyzed in a cross sectional
fashion 4) abnormal myocardial perfusion 5) abnormal myocardial glucose and
energy metabolism. In addition, even though there are no longitudinal data showing
that the development of NAFLD is primary and preceeds the onset of whole body
insulin resistance, hepatic insulin resistance is sufficient to produce dyslipidemia and
susceptibility to atherosclerosis in animal models.
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Systemic symptoms in non-alcoholic fatty liver disease

Julia L. Newton
Institute for Ageing and Health, Newcastle University, Newcastle upon Tyne, United
Kingdom

Non-alcoholic fatty liver disease (NAFLD) is the most common liver disorder in the
western world and the incidence of the disease is constantly increasing. Most
patients with NAFLD do not present with symptoms directly attributable to their
underlying liver disease.

It is increasingly recognized however that those with NAFLD describe a range of non-
specific symptoms which include fatigue and daytime sleepiness which may be the
presenting problem and which can impact dramatically upon quality of life in this
patient group. The recognition of systemic symptoms in NAFLD has important
implications for patients as many are potentially modifiable with targeted
interventions.

Fatigue appears to be a significant problem in NAFLD and the severity of fatigue is
not associated with severity of NAFLD or any parameters of liver damage. Instead,
fatigue in these patients shows strong relationship with the symptom of daytime
sleepiness and autonomic dysfunction.

Daytime sleepiness can frequently be associated with obstructive sleep apnoea
(OSA) in those with NAFLD and is therefore treatable with evidence based
interventions.

Recent studies have confirmed the presence of autonomic nervous system
dysfunction (AD) in those with early stages of NAFLD. The presence of AD leads to
symptoms such as postural dizziness and syncope and is also associated with a
number of clinical consequences in hepatic and non hepatic diseases such as
cognitive dysfunction, falls and fall related injuries.

On direct questioning problems with memory and concentration are frequently
described by those with NAFLD with our studies confirming that 50% of NAFLD
patients experience mild cognitive symptoms and up to 46% moderate or severe
cognitive impairment. There were no positive correlations between cognitive
symptoms and biochemical or histological markers of liver damage severity,
confirming that cognitive impairment in early stage NAFLD is not related to hepatic
encephalopathy.

Falls are also considered a direct consequence of AD and our work suggests that a
history of falls is common in NAFLD (43%). The proportion of recurrent fallers is
significantly higher in a NAFLD cohort compared to controls (p = 0.001) with injuries
(p = 0.009), emergency medical attention (p < 0.001), fracture rates (p < 0.001) and
hospital admission (p < 0.001) all significantly more common in the NAFLD group.
Falls and the aforementioned associations were un-related to the presence of
diabetes or the severity of liver disease.
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A range of systemic symptoms appear to affect those with NAFLD, the severity of
which is unrelated to the underlying liver disease severity. The presence of
autonomic dysfunction may provide a unifying mechanism for these symptoms and a
therapeutic target.

Consideration of those symptoms that affect patients with NAFLD and where
possible effective treatment will lead to improvements in quality of life and enhance
the ability of those with NAFLD to function in their daily life.
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Bile acids as regulators of hepatic lipid and glucose
metabolism

Michael Trauner, M.D.
Division of Gastroenterology and Hepatology, Laboratory of Experimental and
Molecular Hepatology, Dept. of Internal Medicine, Medical University of Graz,
A-8036 Graz, Austria; E-Mail: michael.trauner@meduni-graz.at

Besides their well-established roles in dietary lipid absorption and cholesterol
homeostasis, bile acids (BA) also act as signaling molecules with systemic endocrine
functions. As such BA can activate protein kinase A and C, mitogen-activated protein
kinase pathways, are ligands for a G-protein-coupled BA receptor (TGR5/Gpbar-1),
and activate nuclear receptors such as farnesoid X receptor (FXR; NR1H4). BA
control the critical steps of their own biosynthesis, hepatic excretion and
enterohepatic circulation at a transcriptional level through nuclear receptor (e. g.,
FXR) signaling. The flux of reabsorbed BA via the enterohepatic circulation, arriving
in the liver with the co-absorbed nutrients (e.g. glucose, lipids) may also provide a
signal that coordinates triglyceride (TG), glucose and energy homeostasis.
Therefore, BA have been suggested to function as nutrient signaling molecules
during the feed/fast cycle. These BA effects are mediated by FXR-dependent and -
independent mechanisms. As such FXR induces apoC-II, A-V and VLDL receptor
expression, but inhibits apoC-III expression and hepatic fatty acid (FA)/TG
biosynthesis and VDL export, the latter involving short heterodimer partner (SHP;
NR0B2)-mediated repression of lipogenic target genes (e. g., fatty acid synthase)
and microsomal TG transfer protein (MTP). FXR-mediated induction of fibroblast
growth factor 15 (FGF-15; human orthologue FGF-19) in the intestine - following its
secretion into the portal blood ï potently suppresses hepatic BA synthesis (via
Cyp7a1) by a SHP-independent mechanism and may also have a critical role in the
control of hepatic lipid metabolism. FGF-19 transgenic mice display improved
metabolic rate and decreased adiposity as a result of increased brown adipose tissue
(BAT) mass and enhanced hepatic FA-oxidation. The latter effect has been attributed
to inhibition of acetyl coenzyme A carboxylase 2 expression and subsequently
reduced levels of malonyl-coA that inhibit carnitine palmitoyl transferase 1 enzyme
activity, the rate limiting enzyme involved in FA import into the mitochondrial matrix
prior to their ɓ-oxidation.

BA feeding in mice increases energy expenditure in BAT by promoting intracellular
thyroid hormone activation via a signalling pathway involving TGR5, thus preventing
obesity and resistance to insulin. Similar effects have been described in a human
skeletal muscle cell line, suggesting that these findings could also be relevant for
humans with lower BAT mass in adult life. However, potential BA effects on white
adipose tissue (WAT) as key FA source remain unclear.

BA-activated FXR and signal transduction pathways are also involved in the
regulation of hepatic gluconeogenesis, glycogen synthesis and insulin sensitivity. BA
also influence glucose metabolism and insulin sensitivity via TGR5-mediated
stimulation of intestinal GLP-1 secretion. Conversely, hydrophobic bile acids could
contribute to hepatic insulin resistance which may be ameliorated by ursodeoxycholic
acid (UDCA) treatment.
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Dysregulation of BA transport and impaired BA receptor signaling may contribute to
hepatic injury and lipotoxicity in cholestatic and non-alcoholic fatty liver disease
(NAFLD), the latter representing a major health burden due to progression to non-
alcoholic steatohepatitis (NASH), liver cirrhosis and liver cancer. Moreover, NAFLD
has recently emerged as own, independent cardiovascular risk factor for ischemic
stroke, cardiomyopathy and myocardial infarction. Thus, BA transport and BA-
controlled nuclear receptors and signaling pathways are promising drug targets to
treat common metabolic diseases, such as NAFLD, obesity, type II diabetes,
hyperlipidemia, and atherosclerosis. Interestingly UDCA improved hepatic ER stress
and insulin sensitivity, but had no beneficial effects on histological features of non-
alcoholic steatohepatitis (NASH) over placebo. norUDCA, a side chain-shortened
homologue of UDCA, significantly reduced hepatic TG content, induced FA oxidation
(AOX mRNA expression), reduced TG synthesis (Lpin1 mRNA expression),
neutrophil count, and VCAM expression in ApoE-/- mice fed a Western diet for
8 weeks. In addition to these hepatic effects, norUDCA significantly reduced aortic
plaques surface area and aortic staining for macrophage marker F4/80. Interestingly,
while UDCA treatment significantly reduced total serum cholesterol and triglyceride
levels in ApoE-/- mice, norUDCA had no effect on both parameters. However, FPLC-
analysis clearly demonstrated an increase of cholesterol and phospholipids in the
HDL-fraction in norUDCA treated animals when compared to controls. Moreover,
norUDCA but not UDCA restored Cyp7a1 expression in Western-diet fed animals.
These findings indicate that norUDCA may be superior to UDCA in the treatment of
NAFLD and arteriosclerosis in Western chow-fed ApoE-/- mice and that these effects
are independent of total serum cholesterol and triglyceride levels. Due to its multiple
effects on lipoprotein composition, foam cell formation, and hepatic lipid metabolism,
side-chain homologues of UDCA may represent promising drugs to treat NAFLD and
closely associated disorders such as arteriosclerosis.

References:

1. Hylemon PB, Zhou H, Pandak WM, Ren S, Gil G, Dent P. Bile acids as
regulatory molecules. J Lipid Res. 2009 [Epub ahead of print] PubMed

2. Thomas C, Pellicciari R, Pruzanski M, Auwerx J, Schoonjans K. Targeting bile-
acid signalling for metabolic diseases. Nat Rev Drug Discov. 2008; 7 (8):
678ï693.

3. Thomas C, Auwerx J, Schoonjans K. Bile acids and the membrane bile acid
receptor TGR5--connecting nutrition and metabolism. Thyroid. 2008; 18 (2):
167ï174.

4. Houten SM, Watanabe M, Auwerx J. Endocrine functions of bile acids. EMBO J.
2006; 25 (7): 1419ï1425.

5. Keitel V, Kubitz R, Hªussinger D. Endocrine and paracrine role of bile acids.
World J Gastroenterol. 2008; 14 (37): 5620ï5629.



45

6. Claudel T, Staels B, Kuipers F. The Farnesoid X receptor: a molecular link
between bile acid and lipid and glucose metabolism. Arterioscler Thromb Vasc
Biol. 2005; 25 (10): 2020ï2030.

7. Claudel T, Trauner M. Bile acids and their receptors. In: Dufour J, Clavien P, eds.
Signaling Pathways in Liver Diseases. Springer Scientific Publishers, 2009.





47

Session V





49

Non-alcoholic steatohepatitis (NASH): Mechanisms of
hepatocellular injury

A.M. Diehl
Division of Gastroenterology, Duke University Medical Center, Durham, NC, USA

Accumulation of triglyceride within hepatocytes (hepatic steatosis) is a normal
adaptive response to caloric excess. Increased rates of hepatocyte death, however,
develop in some individuals with hepatic steatosis. Multiple mechanisms appear to
contribute to such hepatotoxicity, including cellular stress responses that develop in
hepatocytes that are chronically challenged by supra-normal levels of fatty acids.
These stress responses typically trigger cytoprotective mechanisms within the
hepatocytes, but the latter are not always sufficient to salvage the wounded cells,
and sometimes they cause hepatocytes to generate various factors, such as tumor
necrosis factor alpha and other cytokines that exacerbate local and systemic
inflammatory responses. Hepatocyte apoptosis per se provides a potent stimulus for
liver repair and regeneration. The latter require activation and expansion of cell
populations that are normally inconspicuous in healthy livers, including
myofibroblasts and their precursors, various types of lymphocytes, and liver epithelial
progenitors. Cross-talk amongst these cell types orchestrates reconstruction of the
damaged liver and this process is generally characterized by some degree of
fibrogenesis. The ultimate outcome of lipid excess-related hepatocyte toxicity (i.e.,
NASH) depends on the ability of repair mechanisms to keep pace with the
accelerated rate of hepatocyte death. Situations that perpetuate hepatocyte injury
challenge the capability of repair responses to generate functional replacement
hepatocytes and, therefore, promote chronic ñfutileò repair that results in progressive
hepatic fibrosis and enhance the risk of hepatic neoplasia. Additional research is
needed to specify ñdruggableò molecular targets that can be exploited to abrogate
injury and/or optimize repair in patients with NASH.
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Pathogenesis of fibrosis in NAFLD

Fabio Marra, Alessandro Pisano
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Fibrosis due to nonalcoholic steatohepatitis (NASH) develops primarily in the
pericentral areas, eventually forming septa isolating regenerating nodules. The major
cell type responsible for extracellular matrix deposition in this context is represented
by activated stellate cells (HSC). The profibrogenic mechanisms operating in NASH
are partly in common with those observed in other chronic liver diseases, and
particularly alcohol-mediated liver damage. Nonetheless, some specific molecular
actions are related to the excess adiposity and fat-mediated liver damage.
The fibrogenic progression of NASH is almost invariably associated with
inflammation and/or hepatocellular damage. Inflammatory cells synthesize and
release of soluble factors playing a biological role on HSC. Oxidative stress has been
documented in the liver of patients with NASH and of animal models thereof.
Oxidative stress-related molecules induce different biological actions in HSC,
including type I procollagen expression. Inflammation and oxidative stress are closely
linked, and interference with inflammatory cell recruitment limits the generation of
intrahepatic oxidative stress. Generation of apoptotic hepatocytes is a relevant pro-
fibrogenic stimulus, as indicated by direct actions of apoptotic bodies on HSC.
Additionally, caspase inhibitors reduce fibrosis in a bile duct ligation model and are
currently being tested in clinical trials. Antidiabetic thiazolidinediones (TZD) are
selective ligands for the nuclear transcription factor peroxisome proliferator-activated
receptor (PPAR)ɔ. Exposure of HSC to PPARɔ ligands reverts most features of the
activated phenotype of HSC, and inhibits fibrosis in vivo. This group of compounds
have been proposed as a possible treatment of NASH. As lipotoxicity is emerging as
a critical driving force in the process of steatohepatitis, the role of different fatty acids
in the fibrogenic process is an active area of investigation
There are at least two different cannabinoid receptors, CB1 and CB2. While CB2
mediates antifibrogenic actions, activation of CB1 positively modulates the
development of fibrosis. The renin-angiotensin system is another pivotal player in the
pathogenesis of liver fibrosis that may have particular relevance in patients with
NASH. Pattern recognition receptors
HSC have been shown to express different pattern recognition receptors (e. g.
TLR4), which lead to increased expression of pro-inflammatory cytokines and
amplification or profibrogenic signals.
Adipokines are cytokines produced by adipose tissue is believed to play a role in
nonalcoholic steatohepatitis (NASH) that develops in the presence of an excess of
fat. The role of leptin, adiponectin and, in part, resistin has been highlighted by
different studies in vitro and in humans. In general, leptin appears to be pro-
fibrogenic, while adiponectin reduces inflammation and fibrosis.

Conclusions: A more detailed knowledge of the molecular mechanisms specifically
operating in NASH-related fibrogenesis will be instrumental for the identification of
novel therapeutic approaches. With this respect, strategies targeting most, if not all,
of the aforementioned pathways are currently being evaluated for possible utilization
in humans.



51

PTEN phosphatase in NASH
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The phosphoinositide phosphatase PTEN is a key regulator of PI3K/Akt signaling
and an important tumor suppressor mutated/deleted in several human cancers.
Previous studies indicate that PTEN knockout in hepatocytes modulates systemic
insulin sensitivity and triggers the development of hepatic steatosis, NASH and HCC.
Interestingly, alterations of PTEN expression/activity in the liver have been previously
associated with HBV/HCV infections or abusive alcohol consumption. In addition,
PTEN mutations/deletions, or low PTEN expression, are frequently observed in HCC,
thus supporting a PTEN tumor suppressor function in human liver cancers. We
recently observed that PTEN expression/activity is also altered in the hepatocytes of
obese/insulin resistant rats and humans. Further investigations allow us to delineate
molecular mechanisms involved in this process, as well as functional consequences
of PTEN expression defects in hepatocytes. Together, our studies support a crucial
role for alterations in PTEN expression/activity in the development of hepatic
steatosis, NASH and potentially HCA/HCC with NAFLD etiology. Available data in
this field indicate that it may be worthwhile to examine potential mechanism to
modulate PTEN expression in the liver for therapeutic and preventative strategies in
non-alcoholic fatty liver diseases and hepatocellular adenoma/carcinoma.
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Animal models of non-alcoholic steatohepatitis (NASH) ï Of
mice and man

J.M. Schattenberg, P.R. Galle
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The endemic occurrence of obesity and the metabolic syndrome has lead to a rapid
increase in the incidence of non-alcoholic fatty liver disease (NAFLD) in industrial
countries. The clinico-pathological spectrum includes hepatic steatosis, lobular
inflammation resulting in steatohepatitis (NASH) and varying degrees of liver fibrosis.
The development of primary NASH is related to risk factors of the metabolic
syndrome including insulin resistance and visceral obesity in the majority of patients.
In humans the disease develops progressively over years and is modulated by
genetic susceptibility, nutritional misbehavior and potentially environmental factors.
While epidemiological studies have identified risk factors that contribute to this
disease, predictors that will help clinicians to identify patients at high risk for the
development of advanced disease are not well defined. So far, the available animal
models fall short to reflect the broad spectrum of NAFLD. The current review will
summarize the existing animal models of NAFLD which include genetic, dietary and
models of oxidant-induced liver injury and discuss their applicability to study crucial
signaling events involved in steatohepatitis. Additionally, differences between species
and sexes have to be considered when evaluating the susceptibility of a certain
model towards steatohepatitis development and progression. Despite the
shortcomings inherent to all experimental models of NASH, research in this filed has
helped to identify potential therapeutic targets, and thus contributed significantly to
our understanding of this disease. The validation and search for new in-vivo and in-
vitro models will propagate the understanding of NASH and help clinicians to develop
new treatment modalities.
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Genetic and environmental susceptibility to NAFLD

C.P. Day
Newcastle University, Newcastle upon Tyne, UK

While the vast majority of individuals with obesity, insulin resistance and the
metabolic syndrome will have steatosis, only a minority will ever develop
steatohepatitis, fibrosis and cirrhosis. The environmental determinants of NAFLD are
exercise, dietary saturated fat and antioxidant intake; small bowel bacterial
overgrowth and obstructive sleep apnea syndrome may also play a role. Family
studies and inter-ethnic variations in susceptibility suggest that genetic factors are
important in determining disease risk. Preliminary and, as yet, unreplicated data
suggest that polymorphisms in the genes encoding microsomal triglyceride transfer
protein, superoxide dismutase 2, the CD14 endotoxin receptor, TNFŬ, TGFɓ and
angiotensinogen may be associated with steatohepatitis and/or fibrosis. More
recently, a replicated association between fibrotic NAFLD and a splice mutation in
the tumour suppression gene KLF6 has been reported and data from the first
genome-wide scan in NAFLD has revealed a strong association between the severity
of steatosis and a polymorphism in the PNPLA3 gene which encodes adiponutrin, an
insulin-regulated phospholipase. It seems likely that a combination of this whole
genome approach together with the large patient cohorts currently being collected
will lead to the identification of many other unexpected genetic determinants of
NAFLD in the near future.
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Endocannabinoids and their role in fatty liver disease
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Preparations of the hemp plant Cannabis Sativa have been used for recreative and
medicinal purposes over centuries.1 Understanding of molecular pathways underlying
therapeutic properties of cannabinoids underwent a strong acceleration following the
purification of ȹ9Ӯ-tetra-hydro-cannabinol (THC), a predominant phyto-cannabinoid
compound responsible for psychoactive effects of marijuana. Thereafter, synthetic
analogs were generated and rapidly allowed identification of the endocannabinoid
system, a novel biological system that has since turned out to be a major therapeutic
target in a large variety of acute and chronic diseases.

The endocannabinoid system
The endocannabinoid system is currently defined by a set of G-protein-coupled
receptors (CB1 and CB2), specific endogenous lipidic ligands and enzymes
responsible for their uptake and degradation.1, 2 CB1 receptors mediate psychoactive
effects of cannabinoids, and display a wide variety of effects in peripheral organs,
including a major role in the control of vasoregulation and energy balance.1ï3 CB2
receptors are best known as regulators of innate immunity and are increasingly
implicated in the pathogenesis of inflammatory disorders.4, 5 Endocannabinoids are
hydrophobic fatty-acid derived compounds with predominantly autocrine/paracrine
effects, among which anandamide (arachidonoyl ethanolamide) and 2-arachidonoyl
glycerol (2-AG) are best known. Both compounds are synthetized and secreted on
demand and undergo rapid degradation by fatty acid amide hydrolase (FAAH) or
monoacyglycerol lipase. Anandamide is considered a major CB1 ligand and 2-AG
shows similar affinity for CB1 and CB2 receptors.

Endocannabinoids and liver disease
Physiological hepatic expression of cannabinoid receptors is very low. Nevertheless,
recent clinical and experimental studies have shown that the endocannabinoid
system is greatly upregulated following acute or chronic liver damage. Moreover,
compelling evidence increasingly support the strong therapeutic potential of
cannabinoid receptor targeting in a variety of liver disorders.3 Indeed, CB1 and CB2
receptors receptors have emerged as crucial convergent mediators of non alcoholic
fatty liver disease (NALFD).6ï8 Moreover, CB1 receptors have been shown to
promote liver fibrogenesis whereas CB2 receptors display strong antifibrogenic
effects.9ï11 In addition, CB1 receptors have been implicated in the pathogenesis of
alcoholic steatosis, and of the hyperdynamic circulatory syndrome12, 13 whereas CB2
receptors have turned out to mediate acute hepatic ischemia reperfusion injury.14

Endocannabinoids and NAFLD
Availability of CB1 knock-out mice and of specific CB1 receptor antagonists such as
rimonabant has allowed to demonstrate the deleterious impact of upregulated CB1
receptors on obesity-associated fatty liver. Mechanisticwise, it was shown that
endogenous activation of hepatocytic CB1 receptors favors the development of
experimental NAFLD by enhancing hepatic lipogenesis, and that treatment with the
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CB1 antagonist rimonabant blunts the development of steatosis.6ï8 In keeping with
experimental studies, pooled analysis of phase III pivotal trials of rimonabant in
overweight patients showed that the drug reduces serum ALT levels, suggesting
improvement of liver steatosis.15 In addition, we recently found that daily cannabis
use is an independent predictor of severe steatosis in patients with chronic
hepatitis C.16 Overall, these findings prompted the initiation of trials assessing the
impact of CB1 antagonists in the management of patients with NASH. These were
unfortunately rapidly stopped following the withdrawal of rimonabant in October 2008,
owing to a high rate of mood disorders.

Interestingly, we recently showed that endogenous activation of CB2 receptors also
favors obesity-associated NAFLD by upregulating adipose tissue inflammation and
enhancing related insulin resistance state. These data therefore suggest that CB2
receptor agonism might open a novel therapeutic approach in the management of
NAFLD.17

In summary, CB1 receptor antagonists and CB2 receptor agonists have recently
emerged as promising targets for the management of NAFLD. CB1 antagonism
additionally displays potent antifibrotic effects. However, clinical development of
molecules targeting CB1 receptors will require the availability of peripherally
restricted compounds owing to central adverse effects of available molecules.
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The effect of lifestyle changes in the treatment of NAFLD
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Non-alcoholic fatty liver disease (NAFLD) is a clinical/biochemical condition
characterized by fatty liver with/without necroinflammation and fibrosis, and
considered the hepatic expression of the metabolic syndrome (1). The hepatic
involvement has obesity and diabetes as pivotal expressions and insulin resistance
as the underlying metabolic defect (2), also in normal-weight subjects without
diabetes (3). As the disease stems from excess calorie intake and lack of physical
activity, the correction of unhealthy lifestyles is the background of any prevention and
treatment strategy (4). As it is the case for obesity, drugs remain a second line
treatment, to be added if and when lifestyle modifications are not achieved or have
not produced the expected improvement in liver histology and liver function tests.

Diet and physical activity
Weight loss rapidly removes fat from the liver, by decreasing the overflow of fatty
acids responsible for hepatic and peripheral insulin resistance and the levels of pro-
inflammatory and profibrotic adipokines (5). A 1-year intense nutritional counseling
and a moderately restricted diet producing a mean weight loss of 3% of body weight
improved histology in 60% of cases (6), with differences in relation to dietary
composition. A detrimental effect of fast-food (or cafeteria) diets on liver enzymes is
documented in experimental animals as well as in humans, through mechanisms (7)
also including excess calorie intake. In young healthy subjects, a fast food-based diet
doubling caloric intake and low physical activity dramatically increased serum ALT
(by 220%) and liver fat content (by155%) (8).
Physical activity represents a second cornerstone of healthy lifestyle with a protective
and a specific therapeutic role in NAFLD (9) and in the metabolic syndrome. Health-
related fitness is suboptimal in NAFLD (10), but any attempt to stimulate physical
activity is limited by fatigue, associated with impaired physical function in NAFLD
(11), creating a vicious circle where adherence to exercise programs may be limited.
A few studies have nonetheless shown that physical activity, usually in combination
with diet and weight reduction improves liver enzyme and reduces liver fat, with
uncertain results on necroinflammation (12, 13).
Exercise intervention is usually represented by regular aerobic exercise, such as
brisk walking, jogging, stationary and outside biking and stepping, and play a
fundamental role in preventing lean body mass wasting during weight loss.

Behavior therapy
Calorie restriction and exercise have synergistic effects in NAFLD, making behavior
therapy the mainstay of treatment and helping maintain long-term lifestyle
modifications.
Prescriptive diets have a limited long-term efficacy; the prescriptive approach does
not help patients change nutritional habits in their daily life by cognitive restraint, but
merely imposes unbearable restrictions. After a short period, most patients resume
their old habits and weight regain is the rule. Making patients increase their physical
activity is even more difficult. Sedentary people do not easily understand the
importance of physical exercise for psychological and physical health, and barriers to
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physical exercise are extremely hard to bypass, mainly on the side of logistics (time
constraints, job and family duties, etc.). Patients with higher BMI and older age are
less compliant to exercise, and have poor motivation to life style modifications (14).
Only behavioral treatment can give patients the practical instruments to achieve their
eating and exercise goals, incorporate them into lifestyle, and maintain the results for
a long period and possibly guarantee long-term durability of change.
Only a few studies have explored the effect of behavioral approach in NAFLD
patients. A recent review (4) pointed out that, among the studies on behavioral
approach in NAFLD, only 2 were controlled (9, 15), and both showed a favorable
effect of behavior therapy. On a population base, behavior therapy aimed at
improving life-style modifications confirmed that 5% or greater weight reduction and
keeping weight loss (< 5% weight regain) and regular physical activity at 1 year was
associated with increased odds of ALT normalization (16).

Conclusions
In 2005 we brought to the attention of the scientific community the need for well-
designed studies of lifestyle modifications in NAFLD (17). In general, the programs
referred to as ñnutritional counselingò are not structured according to the principles of
behavioral treatment and competence in behavior is rarely present in Liver Units.
Cognitive-behavior treatment should be provided patients at risk of advanced liver
disease, and this action should be coupled with prevention strategies at population.
Only a synergistic approach and a global societal response might be effective in
reducing the burden of advanced liver disease and premature death due to
NAFLD/NASH.
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Experimental therapies for NASH
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Specific therapy for non-alcoholic steatohepatitis (NASH) is needed because of the
potential severity of this liver disease.1 Many studies have shown that patients with
NASH have an increased overall mortality compared with age and sex-matched
control population.2ï4 Specifically, liver-related mortality is increased 9- to 10-fold2, 4

and different reports have confirmed that cirrhosis is an independent cause of
death2, 3, third only to neoplastic and cardiovascular causes. NASH is a well
recognized cause of cryptogenic cirrhosis5 and, increasingly, of hepatocellular
carcinoma.6, 7 Therefore there clearly is an unmet medical need for the therapy of
NASH.

Is there a need for pharmacological therapy in NASH?
While diet and lifestyle changes are a rational first line therapy in NASH, many
patients fail to comply with these measures or to implement them on a long term
basis. Weight loss trials typically demonstrate reduced compliance with the diet after
the first few months8ï11 and weight loss among participants will at best average 3 to
4 kg after 2 to 4 years.11, 12 The lack of a strong and sustainable effect of diet and
lifestyle changes in NASH has been demonstrated11 and it appears less and less
probable that diet alone will be able to control the epidemics of obesity at a
population level.12 Low compliance is also the rule for increased physical activity13,
on average 20% after two years follow up.14 Moreover many patients cannot exercise
because of fatigue, arthrosis and cardiovascular comorbidities.15 Although diet and
lifestyle changes should be first tried, pharmacological therapy for NASH will be
needed when these measures fail to significantly improve the liver condition.

Pharmacological therapy in NASH: Two broad avenues of research
Insulin resistance is an almost universal finding in primary NASH.16 It is believed to
be the main driving force behind excessive fat accumulation in the liver17 but may
also play a role in the initiation and perpetuation of steatoheopatitis and progression
of fibrogenesis.18 Therefore improvement of insulin sensitivity is an obvious target for
a candidate pharmacological agent in NASH. This approach assumes that correcting
insulin resistance will indirectly improve liver injury through a reduction in
necroinflammation and subsequently an inhibition or a halt to the progression of
fibrosis. At best this is a lengthy process but carries the advantage of temporarily
correcting the main and supposedly causal underlying disorder. Unfortunately some
of the available trials with insulin sensitizing molecules such as the glitazones have
shown that in some patients the mere correction of insulin resistance is not sufficient
to improve liver injury.19 An alternative approach would therefore be to develop drugs
that are specifically targeted at improving liver inflammation and blocking liver fibrosis
irrespective of any effect on insulin resistance. Such anti-inflammatory or antifibrotic
agents fall in the category of hepatoprotectants; they do not necessarily target
pathways of liver cell injury specific for NASH but NASH would be one of their main
clinical applications given the impressive epidemiological burden of this disease.

Glitazones are agonists of PPAR-gamma (peroxisome proliferator-activated
receptor) nuclear receptors and have been in use for the treatment of type 2 diabetes
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for almost a decade. These insulin sensitizing agents promote the differentiation of
large, insulin resistant adipocytes into small, metabolically active, insulin sensitive
adipocytes. This results in a modification of fat-derived metabolic and hormonal
signals, mainly a reduction in the release of free fatty acids, a reduction of TNF-alpha
and resistin expression and an increase in adiponectin production. The net result is
an increase in the storage of fatty acids in adipose tissue, a reduction of hepatic
glucose production and a higher uptake of glucose by the muscles. This redistribution
of fat from ectopic tissues (liver, muscle) to the adipose tissue is probably the main
determinant of the insulin sensitizing action of this class of drugs.
The available trials of glitazones in NASH show that overall, the reduction in
transaminases and loss of steatosis are the two most robust and reproducible
hepatic effects of glitazones. It is important to note however that the beneficial effect
of the reduction in liver fat has been debated as some animal studies have
challenged the concept that all liver fat is bad. Blocking esterification of fatty acids in
triglycerides resulted in a higher level of hepatic oxidative stress, more inflammation
and hepatic cell injury and more fibrosis in animals fed an MCD diet.29 This however
might not be relevant to human NASH, a disease causally associated with insulin
resistance, where reduction of liver fat is probably simply a marker of improvement in
insulin sensitivity. Beyond the antisteatogenic effect, about half of the studies have
shown an improvement in all aspects of necroinflammation but the improvement in
fibrosis appears to be at best marginal. Future studies will need to better characterize
non responders, to determine whether longer treatment duration results in additional
histological improvement and if at least some of the hepatic effects are independent
from the insulin sensitizing effects as some animal models suggest.30, 31 Pioglitazone
and rosiglitazone have similar insulin sensitizing potency and result in similar
glycemic control in diabetes.

Ursodeoxycholic acid (UDCA) is a naturally occurring bile acid with distinct
hepatoprotective activities.58, 59 An early non randomized study demonstrated an
efficacy on ALT but also on steatosis reduction.60 However, a subsequent, larger,
multicentric, randomized, North American trial failed to demonstrate any effect of
AUDC on ALT or histology. The reasons for this lack of efficacy are not clear
especially since other studies have documented an improvement in ALT levels in
NASH61 or in hepatitis C, with a clear dose effect relationship in the latter case.62

Another randomized study showed a biochemical improvement with UDCA but no
histological improvement. Only the patients receiving both UDCA and vitamin E
showed an improvement in steatosis as compared to the placebo or UDCA only
arms.63 Recently a French multicentric trial tested high dose AUDC (HD-AUDC,
28ï35 mg/kg) in 126 patients randomized to receive placebo or HD-AUDC for one
year. The results confirmed a significant reduction in ALT and GGT values in the HD-
UDCA arm as well as a reduction in FibroTest, a serum fibrosis marker.64, 65

Surprisingly, there was an improvement in serum glucose, HBA1c and surrogate
markers of insulin resistance (serum insulin, HOMA levels) that were independent of
weight variation. While overall, a reduction in ALT levels does correlate with
improvement in necroinflammation66, larger studies with histological end-points are
needed to confirm that beyond biochemical improvement HD-UDCA induces an
histological remission.

Sartans. Three different lines of arguments make sartans or angiotensin receptor
blockers (ARB) attractive candidates for the treatment of NASH. First, the renin
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angiotensin system seems to be involved in the development of NAFLD. Transgenic
mice overexpressing renin develop steatosis which subsequently progresses to
steatohepatitis, and fibrosis.74 The livers of these animals exhibit a proinflammatory
gene induction profile (in particular TNF-Ŭ), an increased production of reactive
oxygen species and apoptosis74, all very reminiscent of human NASH. Valsartan,
which is an ARB, was able to significantly improve steatosis accumulation.74 Second,
some of the ARBs are also partial PPARɔ agonists. They induce beneficial effects on
glucose and lipid metabolism without some of the side effects of full agonists (such
as glitazones) particularly fluid retention and edema.75 Telmisartan seems to have
the strongest PPARɔ activity, followed by irbesartan and to a lesser degree by
losartan, and one of its metabolites, EXP 3174.76 Animal studies have shown that
telmisartan increases caloric expenditure, protects against diet-induced weight gain,
reduces accumulation of visceral and subcutaneous fat promotes adipocyte
differentiation into smaller insulin sensitive adipocytes and reduces liver fat.77 Similar
data in humans are yet to follow but a large study has shown that losartan reduces
the incidence of new onset diabetes78 while a metanalysis confirmed a significant
reduction of incident type 2 diabetes with both ACE inhibitors and ARBs.79 Third, the
renin-angiotensin system is activated in liver fibrogenesis.80 Angiotensin II activates
stellate cells (a process mediated through the induction of oxidative stress by
NADPH oxidase)81 and exacerbates liver fibrosis in vivo.82 Conversely, angiotensin II
antagonists83 as well as ACE inhibitors84 attenuate fibrosis progression in vivo. Taken
together these data suggest that some of the ARBs have both insulin sensitizing and
hepatoprotective, particularly antifibrotic, effects that could be beneficial in NASH. As
a proof of principle, it has been shown that olmesartan has mild antisteatogenic and
strong antifibrotic and anti-inflammatory properties in the MCD model, an
experimental NASH model in rats.85

Despite this wealth of experimental evidence in favor of this class of molecules, very
few studies have been performed in humans so far. In an open label study of seven
patients with NASH and arterial hypertension (half of whom were diabetics) treated
for one year with losartan, a Japanese team showed reduction in transaminase levels
and improvement in hepatic necroinflammation in five patients although, as
predicted, there was no insulin sensitizing effect (measured by HOMA scores) and no
loss of liver fat by histology.86 There was a potentially interesting antifibrotic effect as
evidenced by a reduction in fibrotic stage in four patients as well as a reduction of
plasma TGF-ɓ1 concentration and of hepatic stellate cell activation87 (measured by
Ŭ-smooth muscle actin immunostaining). However these histological data are not yet
convincing given the small sample size, the open label design and the reality of
sampling error.

Owing to its recognition as a frequent disease with a potential for a significantly
increased liver related mortality, NASH became in recent years an unmet medical
need of major importance in hepatology. Diet and lifestyle changes should always be
a first line therapy but, unfortunately in many patients implementation is difficult and
compliance is poor. Therefore drug therapy is often the only therapeutic possibility.
Hopefully we are entering a new era of specifically targeted therapies for this
condition. Given the complexity of the mechanisms involved in insulin resistance,
necroinflammatory damage and hepatic fibrogenesis, simply correcting insulin
resistance will not be enough in many candidates for treatment. Tailoring therapy
with hepatoprotective and insulin sensitizing agents in non or partial responders is a
very attractive option for future therapeutic strategies.
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HCV, diabetes, and steatosis: Clinical evidence in favor of a
linkage, role of genotypes

S. Mihm
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August-Universitªt, Gºttingen, Germany

Infection with hepatitis C virus (HCV) primarily causes a chronic liver disease with
characteristic histopathologic features including hepatic steatosis. Moreover, chronic
hepatitis C also closely relates to insulin resistance (IR) and an increased risk of type
2 diabetes mellitus (DM). The increased risk of patients with chronic hepatitis C of
developing IR or DM has been recently estimated by a comprehensive meta-
analysis. It is strengthened by consistency of results both from retrospective and
prospective studies. The finding of an excess risk for patients with chronic hepatitis C
to develop DM compared to patients with hepatitis B further suggests a direct and
specific role of HCV in promoting a metabolic deregulation. A causal relationship
between HCV infection and IR/DM is also supported by the finding of an association
between IR severity and DM with higher viral load and by the finding of an
improvement in IR after sustained virological response to an antiviral therapy.
This evidence, however, does not rule out that, in addition, patients with DM might be
more susceptible to HCV infection than non-diabetics as it has been shown for
patients receiving treatment in a high prevalence haemodialysis unit.
After adjustment for steatogenic factors, prevalence of steatosis in chronic HCV
infection is 50% compared to the general population or to chronic HBV infection
where it amounts to 20% or 18%, respectively. By considering HCV genotypes,
steatosis is even more frequent among patients with HCV genotype 3a infections.
Two distinct genotype-specific pathogenic mechanisms appear to underlie steatosis
in chronic hepatitis C. Steatosis in genotype 1, 2, or 4 infection, the ómetabolic
steatosisô, is related to metabolic factors as obesity or IR, is not correlated to viral
load, and only casually reverts after antiviral treatment. Steatosis in genotype 3 HCV
infection, óthe viral steatosisô, does not relate to metabolic factors, it correlates to viral
load, and it largely resolves after an effective antiviral therapy.
In conclusion, multiple lines of clinical evidence support a linkage of HCV infection
and both hepatic carbohydrate and lipid metabolism. The better understanding of the
pathophysiological linkage, by now, allows a more holistic and a genotype-based
management of patients. The extent to what targeting the hostôs metabolism by drugs
translates in a better response to interferon- will provide valuable insights into virus-
host interactions and is currently addressed in clinical studies.
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Insulin resistance and response to antiviral therapy in chronic
hepatitis C: Mechanisms and management

Prof. Dr. Manuel Romero-G·mez
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Factors associated with non-response in hepatitis C are host-viral genotype 1, high
viral load, advanced fibrosis, and insulin resistance.1 Sustained virological response
(SVR) decreases when insulin sensitivity is impaired. Also, impaired fasting glucose
has been independently associated with lower SVR rate.2 Insulin resistance is felt to
be promoted by hepatitis C virus (HCV) itself and, following clearance of the virus,
insulin resistance improves concomitant with the reduction in the risk of glucose
abnormalities and diabetes.1 HCV proteins lead to insulin resistance promoting the
degradation of insulin receptor substrate 1 (IRS-1).3 Transgenic mice expressing core
HCV protein developed insulin resistance and steatosis.4 Insulin resistance and
steatosis promoted by the virus have been found associated with improvement in
viral fitness5 and this seems to be a defense mechanism against viral clearance.

Life-style, exercise, diet and insulin-sensitizing drugs could improve insulin
resistance. Metformin is an oral biguanide that lowers blood glucose and insulin
secretion, and improves the individualôs lipid profile due, mainly, to suppression of
hepatic glucose output and increased glucose uptake in skeletal muscle. Since
insulin resistance can be successfully treated with biguanides, we proposed that
sustained virological response could be improved by adding metformin to the
standard of care for patients with chronic hepatitis C genotype 1, and insulin
resistance. We conducted a prospective, multi-centered, randomized, double-
blinded, placebo-controlled trial in 19 Spanish hospitals including 123 consecutive
patients with genotype 1 CHC and insulin resistance. Patients were randomized to
receive either metformin (Arm A; n = 59) or placebo (Arm B; n = 64) in addition to
peginterferon alfa-2a (180 Õg/week) and ribavirin (1000ï1200 mg/day). The primary
end point was SVR and secondary endpoints were viral clearance at weeks 12, 24
and 48, and changes in the HOMA index over the first 24 weeks. There were no
differences between Arms A and B at baseline. In the intent-to-treat (ITT) analysis,
SVR was observed in 53% vs. 42% in Arm A and Arm B, respectively (p = n.s.). In
the subgroup analyses, SVR was higher in females (n = 54) receiving metformin: Arm
A 58% (15/26) vs. 29% (8/28) Arm B (p = 0.03). In the per protocol analysis (PPA;
n = 101) SVR was 67% in Arm A and 49% in Arm B (p = 0.06). Viral decline during
the first 12 weeks was greater in females receiving metformin: from -4.88 (1.18) to
-4.0 (1.44) (p = 0.021), while no differences were seen in males. The triple therapy
was well tolerated, but diarrhea was more often seen in Arm A (34% vs. 11%;
p < 0.05). Metformin could be useful in the management of this co-morbidity because
of its ability to increase the binding of insulin to its receptors, to increase
phosphorylation as well as the tyrosine kinase activity of insulin receptors via, mainly,
the action of phosphorylation of hepatic AMPK (adenosine-monophosphate-activated
protein kinase) by STK11 (formerly LKB1).6
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Pioglitazone was shown not to improve either viral response or insulin sensitivity in
5 previously non-responding individuals.7 However, the mechanism of action of
insulin-sensitizer drugs in the setting of patients with hepatitis C appears to be
different and could be related to viral genotype.

Metformin improved SVR in two cohorts: females and patients that reached HOMA
lower than 2 at week 24. In females, metformin increased the SVR rate significantly.
This gender-related difference has not been previously reported in the management
of hepatitis C. Spontaneous viral clearance has been seen more often in females
than in males.8 However, no gender-related impact has been reported on the clinical
course of the infection, or in SVR rate. Some evidence supports the influence of
gender on the therapeutic effects of metformin: a) metabolic syndrome
pathophysiology and diabetes-related complications appear to be vary in relation to
gender, and vitamin K supplementation appears to improve insulin resistance in
males but not in females;9 b) some therapeutic effects of metformin appear to be
gender-dependent i.e. metformin promotes greater short-term weight loss in females
than males, but these differences were not observed in diabetic control subjects;10, 11

c) STK11 (formerly LKB1) plays a major role in metformin sensitivity,12 and some
genetic alterations appear to have a clinical impact which is gender dependent, such
as the risk of malignancies in Peutz-Jegher syndrome.13 In women, metformin
therapy has been associated with a greater decrease of HCVRNA during the first
12 weeks of treatment and a lower breakthrough rate. These data support the
hypothesis that, in females, metformin improves the antiviral activity of peginterferon
and ribavirin. It remains to be explored whether genetic alterations in the STK11
gene or nuclear factors such as estrogens are implicated in the ability of metformin to
improve antiviral activity.
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Insulin resistance/diabetes as co-factor of liver fibrosis in
chronic hepatitis C

Lawrence Serfaty
Liver Unit, INSERM UMR S893, Saint-Antoine, Paris, France

The importance of liver injury in the onset of insulin resistance and diabetes has been
extensively described in HCV infected patients. A correlation between insulin
resistance, and steatosis and fibrosis progression, was established in a retrospective
study in 141 non-diabetic and untreated patients with biopsy-proven non-cirrhotic
chronic HCV monoinfection [1]. Other authors have also suggested a correlation
between cirrhosis and an increased risk of glucose intolerance or diabetes in HCV-
infected patients [2, 3]. In addition, the pathophysiology of steatosis in HCV differs as
a function of the viral genotype [4, 5]. In patients infected with HCV non genotype 3,
insulin resistance and obesity are the cause, rather than the result, of steatosis
which, in turn, accelerates progression of fibrosis [6, 7]. One possible mechanism is
that the virus itself impairs IRS-1 signalling, downregulated by an excess of FFA. On
the other hand, in genotype-3 HCV infection, the degree of steatosis is strongly
correlated only to the viral load [4], suggesting that the virus itself may alter FFA
metabolism and/or FFA export by hepatocytes, with steatosis as a direct
consequence. These results are supported by evidence that liver steatosis is
correlated with intrahepatic HCV replication in HCV infection [8]. Elevated serum
glucose was also shown to be independently associated with significant fibrosis in
HCV-infected patients [9]. Patients with hyperglycaemia had higher histological
fibrosis stages and progression rates, and had steatosis more frequently than
patients with normal serum glucose. Possible mechanisms by which high serum
glucose may contribute to fibrogenesis are:

hyperglycaemia, which results in the increased formation and deposition of
advanced glycation end products [10] that interact with receptors in hepatic
stellate cells, the main source of collagen in the liver [11];
elevated glucose levels, which induce profibrogenic cytokine expression in
hepatic stellate cells (connective tissue growth factor, for example) [12];
chronic hyperglycaemia and circulating soluble advanced glycation end products,
which increase oxidative stress by generating free radicals [13] that activate
stress-responsive signalling pathways [14] which, in turn, induce key
inflammatory cytokines (such as TNF-! and IL-6) [15].

Alternatively, insulin resistance rather than hyperglycaemia may be linked to
necroinflammatory lesions and, hence, fibrogenesis. A correlation between insulin
resistance and fibrosis progression was demonstrated in patients with HCV (whether
diabetic or not), and particularly in those infected by HCV genotype 1 [16].
Data from different sources appear to indicate that steatosis precedes the
development of liver fibrosis. Indeed, by promoting greater hepatic periportal
necrosis, steatosis may even accelerate the progression of fibrosis [4, 17]. The
underlying mechanisms may be similar to those governing obesity, where visceral
lipolysis resistant to insulin suppression leads to excess in FFA in the liver due to the
hyperinsulinaemic state. However, it is difficult to establish a strong correlation
between steatosis and fibrosis. It has been suggested that the inflammatory state
associated with steatosis might explain the link; however, this is not supported by
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evidence showing fibrosis progression between successive liver biopsies in HCV-
infected patients with steatosis and minimal inflammatory hepatic lesions [17]. Also,
high serum glucose levels in HCV-infected patients have been shown to have a
greater profibrogenic impact during intermediate and late fibrosis than in its earlier
stages. Thus, hyperglycaemia may play a role in the progression of fibrogenesis
rather than in the initiation of the fibrosis process [9].
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Overview on the mechanisms of fatty liver induced by HCV

Francesco Negro
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Liver steatosis is the accumulation of triglycerides in hepatocytes, a common finding
in all chronic liver diseases, including genetic disorders, alcoholic hepatitis, infections
and the metabolic syndrome. Increased fatty acid synthesis and free fatty acid
overflow to hepatocytes are the major pathogenic mechanisms leading to fatty liver in
patients with the metabolic syndrome. Given the current pandemics of overweight, it
is not surprising that fatty liver is so frequently observed in chronic hepatitis C
patients (between 50% and 80% of cases, depending on the regional prevalence of
alcohol consumption, overweight and diabetes). Interestingly, however, when all
major risk factors of fatty liver have been ruled out, the prevalence of steatosis in
chronic hepatitis C is still approximately 40%, i.e. 10ï20% higher compared to that
reported in chronic hepatitis B patients or in the general population, suggesting that
HCV may be directly responsible for some degree of fat accumulation. Indeed, the
frequent, higher-than-expected occurrence of steatosis in HCV infection was used in
the past as diagnostic marker of non-A, non-B hepatitis. That HCV causes steatosis
is now proven by three observations: (i) among patients with hepatitis C, those with
genotype 3 have more frequent and more severe steatosis than those with
genotypes non-3, suggesting the presence of steatogenic sequences within this
particular genotype; (ii) the severity of steatosis, especially in patients with genotype
3, correlates with the level of HCV replication, both in serum and in liver; (iii) steatosis
is reduced in severity or disappears altogether in case of successful treatment with
antivirals. Furthermore, a relapse after the end of therapy may cause the
reappearance of steatosis in patients in whom it had disappeared during therapy.
The mechanism of triglyceride accumulation by HCV is multifactorial. HCV may
interfere with lipid metabolism at several levels: impaired lipoprotein secretion (as
suggested by reduced cholesterol and ApoB levels in patients with HCV-related
steatosis), increased neolipogenesis, and impaired fatty acid degradation.
Experimental observations, carried out in vitro and in the transgenic mouse, are in
keeping with some human data, especially as far as the lipoprotein secretion
blockade is concerned. Although the sequence responsible for fatty accumulation is
not definitively known, some data suggest that a phenylalanine residue at position
164 of the core encoding sequence, present in genotype 3a, but replaced by a
tyrosine in all other genotypes, may be associated with activation of fatty acid
synthetase and accumulation of big lipid droplets in hepatocytes. Other
microheterogeneities in other genomic regions may however modulate the steatosis
phenotype. The clinical impact of virally-induced steatosis in hepatitis C is debated.
However, current data suggest that the accelerated fibrogenesis and the reduced
responsiveness to therapy reported in patients with chronic hepatitis C and fatty liver
are rather due to the molecular events typical of the metabolic syndrome. Thus, the
HCV-induced steatosis is probably without major consequences from the clinical
standpoint. Whether it is an event that profits the viral replication remains to be
proven.
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The hemochromatosis gene: A co-factor for chronic liver
diseases?

I. Putova1,2, M. Dostalikova1, K. Kratka3, B. Cieslarova3, J. Stransky 3, J. Horak3
1Deparment of Cell and Molecular Biology, Third Faculty of Medicine, Charles
University, Prague; 2Institute of Rheumatology, Prague; 3Department of Internal
Medicine I, Third Faculty of Medicine, Charles University, Prague, Czech Republic

Introduction: Hereditary hemochromatosis is an inherited, autosomal-recessive
disorder of iron metabolism. Early diagnosis and treatment can avert serious
complications of the disease.

Aims and methods: The objective of this study was to establish the prevalence of
HFE gene mutations in population of Czech Republic and among patients with
common liver diseases.

Methods: Altogether, 502 patients including 38 patients with hemochromatosis, 96
with alcoholic liver cirrhosis, 86 with chronic hepatitis C, 30 with chronic hepatitis B,
47 with steatohepatitis, 78 with cryptogenic liver disease, 85 with Dupuytrenôs
contracture and 42 with diabetes together with 481 randomly selected 13-year-old
Guthrie cards serving as controls were examined. The HFE gene mutations (C282Y
and H63D) were screened for by restriction enzyme analysis performed on PCR
amplified products.

Results: We detected 6.86% of C282Y heterozygotes and 26.61% H63D
heterozygotes in the control group. We found 71.88% C282Y homozygotes (p <
0.001) and 18.75% H63D homozygotes (p < 0.01) among the hemochromatosis
patients. We detected an increased prevalence of heterozygotes for the H63D
mutation in patients with hepatitis B (33.3%), in Dupuytrenôs contracture patients
(27.1%) and diabetics (28.6%) in comparison with the control group. Increased
percentage of H63D homozygotes was found in patients with Dupuytrenôs
contracture (9.5%), steatohepatitis (4.3%), alcoholic liver cirrhosis (4.3%), diabetes
(2.4%) and in patients with chronic hepatitis C (2.3%).

Discussion/Conclusion: The homozygous state for C282Y mutation is the
predominant HFE genotype among Czech patients with phenotypically defined
hemochromatosis. HFE gene mutations are frequent in patients with common liver
and metabolic diseases (hepatitis B, alcoholic liver cirrhosis, steatohepatitis,
cryptogenic liver disease, diabetes, and Dupuytrenôs contracture). Therefore we
recommend that patients with chronic liver disease be routinely examined for HFE
gene mutations. We did not detect increased prevalence of HFE gene mutations in
patients with chronic hepatitis C, though they had increased hepatic iron deposition.

The study was supported by the Research Goal MSM 002 1620814 of the Third
Faculty of Medicine, Charles University, by the project GAUK 70/2005/C and by the
Research Grant of Czech Ministry of Health ï 00000023728.




