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Abstract

Nonalcoholic steatohepatitis (NASH) is an increasing
recognized form of chronic liver condition affecting both
children and adults within the wide spectrum of fatty liver
diseases. Recently NASH has been often associated with
insulin resistance and has shown potential harmful evolution
towards end-stage liver disease. Its incidence and
prevalence is increasing, paralleling the rise in obesity and
diabetes mellitus in Western Countries. Once all the other
causes of persistent elevation of serum transaminase levels
are excluded, the diagnosis of NASH can be only confirmed
by liver histology. Non-invasive diagnostic tools, however,
are awaited to allow the follow-up of patients at higher risk
for major liver dysfunction. This article focus on current
thoughts on the natural history and clinical presentation of
NASH and describes current trends in the diagnosis and
treatment of this emerging condition.
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Rezumat

Steatohepatita nonalcoolicd (NASH) este o hepatopatie
cronicd din ce 1n ce mai frecvent recunoscutd in cadrul larg
al bolilor ficatului gras, afectdnd adulti si copii. Recent,
NASH a fost asociatd cu rezistenta la insulind §i a fost
constatat potentialul sdu evolutiv grav, spre stadii terminale
ale hepatopatiei. Incidenta si prevalenta sunt in crestere,
paralel cu cresterea incidentei obezititii i diabetului
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zaharat 1n tirile occidentale. Odatd excluse alte cauze ale
cresterii transaminazelor, diagnosticul de NASH poate fi
confirmat doar prin biopsie hepatici. Sunt totusi asteptate
metode neinvazive de diagnostic, pentru urmirirea
pacientilor cu risc de severitate ridicat. Prezentul articol este
centrat pe cunostintele actuale privind istoria naturald si
prezentarea clinicd a NASH si cuprinde tendintele actuale in
diagnosticul si tratamentul acestei afectiuni in expansiune.

Introduction

Nonalcoholic fatty liver disease (NAFLD) is traditionally
considered a benign condition yielding a low risk of
progression towards more serious illnesses. However, two
aspects must be kept in mind when considering a “fatty
liver”. First, among the NAFLD, the so-called nonalcoholic
steatohepatitis (NASH), the form resembling alcoholic
steatohepatitis but occurring in patients without alcohol
abuse (1), is no longer considered an invariably benign
condition. Second, the observation that grafted “fatty” livers
are at increased risk for primary non function: such negative
outcome is proportional to the degree of fatty degeneration
and leads to the discard of donation organs (2). The
development of therapeutic options able to preserve hepatic
function after transplantation of fatty livers will ultimately
lead to the expansion of the liver donor pool. A better
knowledge of pathogenic mechanisms responsible for fatty
accumulation in hepatocytes and of mechanisms resulting
in steatohepatitis will certainly allow to identify measures
for decreasing the risk of evolution.

Here, we focus on a pathogenesis-guided approach and
management of these patients passing through a brief
description of pathogenic mechanisms.

Pathogenesis: the role of insulin
resistance, free fatty acids (FFAs)
and subcellular abnormalities

Fatty infiltration of the liver implies accumulation of tri-
glycerides as a mild form if the amount of steatosis involves
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less than 30% of hepatocytes, moderate if it involves up to
60%, and severe if it is more than 60% (3). Fatty liver dege-
neration occurs as a response of hepatocyte to a variety of
frequent conditions: namely obesity, malnutrition, intestinal
malabsorption, metabolic and endocrine diseases including
diabetes, and thyroid diseases (4-7). A fatty liver can also
be the consequence of hepatotoxic drugs, alcohol, accumu-
lation of transition metals, and hepatitis C infection (8,9). A
fatty liver might also become a feature of the so called
“metabolic syndrome” in which insulin-resistance plays a
key role (7). Notwithstanding all such causes of fatty liver,
no unique etiological factor has been identified in a large
number of cases. Fat accumulates in parenchymal liver cells
as a result of abnormal fatty acids metabolism (10) with
excessive delivery of free fatty acids to the liver compared
to the aliquot that can be metabolized, an increased mito-
chondrial synthesis of fatty acids, or a failure of the syn-
thesis/secretion of apolipoproteins and/or triglycerides (11).

The primary metabolic abnormality switching fatty livers
to NASH is still unknown. Insulin resistance plays a key
role, since it may influence several intracellular metabolic
pathways (12). Insulin resistance is associated with
hypertrophy of the microsomal oxidant function due to
increased activity of the cytochrome P-450 system. In turn,
this is caused by a loss of the insulin inhibitory effect and
to up-regulation mechanisms common also to peroxisomal
B-oxidation (13), a condition that may lead to intracellular
oxidative stress (14).

Peripheral insulin resistance, increased fatty acid B-
oxidation and hepatic oxidative stress are all present in both
liver with fatty degeneration and in NASH. Only in NASH,
however, structural defects of mitochondria have been
described (12).

Recent experimental evidence suggest that the link
between obesity, insulin resistance and NASH is the
increased release of FFAs from adipose tissue (15). Since
central rather than peripheral obesity is associated with
NASH (16), the increased presence of visceral fat in obese
individuals determines an enhanced delivery of FFAs from
visceral adipocytes into the portal system, and then to the
liver. FFAs stimulate the hepatic gluconeogenesis and the
triglycerides synthesis, impairs the insulin ability to suppress
hepatic glucose output and affects other metabolic insulin
effects (17) (Fig. 1).

Accumulation of lipids and their further oxidation is also
under the influence of secretion and tissue sensitivity by
the hormone leptin, a protein of approximately ~16 kDa in
mass encoded by the obese (ob) gene and expressed
predominantly by adipocytes with important effects in
regulating body weight, metabolism and reproductive
function (18). Deranged leptin secretion may contribute to
switch from insulin sensitivity to insulin resistance. Hepatic
insulin resistance and high leptin concentrations are two
factors that favour the entry of FFAs into mitochondria and
their ligand action for the peroxisomal proliferation-activator
receptor-alpha (PPARc). PPARa is involved in lipid meta-
bolism in the liver by regulating the transcription of some

genes encoding enzymes involved in mitochondrial and
peroxisomal B-oxidation.

Members of the microsomal cytochrome P-450 participate
in the generation of oxidative changes in fatty livers via the
increased production of the free oxygen radicals. Increased
oxidative stress in the liver is part of the damage seen in
NASH. Hepatic CYP2ELI increases with fasting, diabetes,
obesity and insulin resistance, and initiates the oxidative
stress in the fatty liver. This is associated with hepatic
microsomal lipid peroxidation (19,20). The enzyme CYP4A
is conversely controlled by the transcription factor PPARa
governing genes. Defective states of PPARo or of the
peroxisomal B-oxidation pathway may also play an important
role in the development of steatohepatitis (21). It has been
recently demonstrated that CYP2E1 is over-expressed in the
liver of patients with NASH (22).

Prominent abnormalities of mitochondria with ultra-
structural changes, decreased mitochondrial respiration
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Fig.1 Different effect of increased visceral and subcutaneous
adipose mass. FFAs= free fatty acids; IR= insulin resistance;
TG= triglycerides; VLDL= very low density lipoprotein.
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Fig.2 Role of TNF-o in the pathogenesis of obesity associated
insulin-resistance. TNF-0= tumor necrosis factor alfa; FFAs=
free fatty acids.”



NASH: clinical approach

45

¥

GENETIC ] : . . LIFE
oerect &b Resistance e— | Hyperinsulinemia o—» oBesty  «—  grvies o

TG
FFA
p-Oxidation
Normal Liver Eatty Liver ’/ NASH Liver Cirrhosis
“First hit” “Second hit"
ROS

[ FFA oxidation Fibrosis
Lipid peroxidation Necrosis

Microsomal
Mitochondrial
Peroxisomal TNF-a
abnormalities IL-6
IL-1

CITOKYNES

Fig.3 Onset and progression of fatty liver towards NASH and liver cirrhosis. The “two hits”
hypothesis is illustrated against a background of conditions including genetic defects, insulin
resistance, hyperinsulinemia, obesity and life style. Intra- and extracellular molecular mechanisms
of damage are also shown and include fatty acids B-oxidation, cytokines, lipid peroxidation.

Abbreviations: ROS, reactive oxygen species.

and impaired ATP generation capacity have been
described in patients with NASH (23,24) and have been
correlated with serum TNF-o,, insulin resistance and body
size (Fig.2). In steatotic livers, the excess of mitochondrial
ROS generation may easily produce fat deposit oxidation
and the resulting lipid peroxides may further impair the
respiratory chain component and the membrane transport
capacity.

The natural course of disease
and its relative complications

The relatively recent identification of NAFLD-NASH and
the notion that the evolution towards end stage liver disease
is possible, has prompted research to better screening for
subgroups of patients at a higher risk of evolution (Fig.3).
Whereas the presence of elevated liver enzymes is
insensitive and cannot be used to reliably confirm the
diagnosis or stage the extent of fibrosis in fatty livers (25),
the presence of an older age, diabetes and obesity may be
predictors of fibrosis (26). Also, coexistence of metabolic
disorders is associated with more severe and potentially
progressive forms of liver disease (27).

The problem of NAFLD is being increasingly recognized
also in pediatric patients. Sixty percent of adolescents with
elevated ALT levels are obese or overweight (28). This is an
emerging problem as childhood obesity becomes
increasingly prevalent (29,30). Whereas cirrhosis has been
reported rarely, fibrosis is common in pediatric NASH (31).
Thus, once drug hepatotoxicity and inherited metabolic

disorders have been excluded, liver biopsy remains the gold
standard for diagnosis and prognosis (32).

Among adults, steatosis has been found in 70% of obese
and 35% of lean patients and NASH in 18.5% of obese and
2.7% of lean patients at autopsy (33). Among type Il diabetic
patients it is estimated that 75% have a fatty liver (34). The
association of NASH with the other main features of the
metabolic syndrome (low HDL-cholesterol, high
triglycerides, arterial hypertension, fasting hyperglycemia,
central obesity) will be confirmed by recent studies
investigating also the prevalence of fatty liver among
hypertensive patients (35).

The fact that NASH is observed in only a subset of
patients with type II diabetes suggests that other factors,
i.e. genetic predisposition, might be involved. Similarly, the
finding of familial clustering of NASH and cryptogenic
cirrhosis supports a role for genetic polymorphisms in the
factors predisposing to NASH (36). Therefore, a number of
gene abnormalities including the group of adipocyte-derived
cytokines (leptin, resistin, adiponectin, o-TNF and IL-6) have
been considered (37). Studies in this direction may provide
information also on the liver disease progression among
patients with NASH, such as those conducted in people
with lipodystrophy. Lipodystrophy, a disorder of peripheral
fat deposition, is characterized by nearly absent peripheral
fat, severe hepatic steatosis and diabetes, conditions which
almost completely disappear with leptin administration (38).
Leptin and adiponectin, in fact, exert their action by modula-
ting insulin sensitivity in insulin sensitive tissues such as
adipose, muscles and liver. In the latter, leptin may play also
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an important role in regulating the partitioning of fat between
mitochondrial B-oxidation and triglyceride synthesis (39).

It is likely that the evolution rate of the liver disease in
NASH is influenced by factors acting within and outside to
hepatocyte. For example, the progression of NASH toward
cirrhosis varies in association with the features of the
metabolic syndrome (40,41). Once liver cirrhosis has
established from NASH, however, the typical richness of
steatosis can be lost. A likely explanation is the formation
of porto-systemic shunts and diminished exposure to the
fat-storing signal generated by insulin.

A fourfold greater incidence of diabetes among patients
with HCC has been observed (42). More recently it has been
noted that the risk to develop NASH and HCC is doubled
among people with diabetes (43). Such findings suggest
that a strong relationship may exist between diabetes, obesity
and insulin resistance in the pathogenesis of HCC. A major
question is whether HCC incidence is rising in developed
countries as a consequence of the increasing obesity and
diabetes rates. Incidental HCC is not uncommonly observed
among patients with “cryptogenic” cirrhosis of probable
NASH origin (44). Several animal models, mimicking human
conditions, have provided useful information with respect
to the complexity of NASH and to the risk of HCC (45,46),
suggesting a screening program also for NASH condition.

Clinical presentation and diagnosis

Usually there are no symptoms or signs of liver disease
at the time of diagnosis, although an enlarged liver can be
found at physical examination of patients with asymptomatic
elevation of amino transferases. NASH is suspected once
other liver diseases have been ruled out.

NAFLD often occurs in people reporting absent or very
low alcohol consumption. Individuals are frequently
overweight and can show a mild increase of serum lipids.
Some of them are diabetics or have a family history for
diabetes. Geographical differences may exist: NASH was
common among non-obese males in a large multicenter study
in Italy (45) and among females with morbid obesity in the
USA (46). The presence of the so-called “metabolic
syndrome” should be actively searched in these patients.
Once other liver disease or extrahepatic cause of
transaminases elevation have been excluded, the definitive
diagnosis of NASH relies on liver biopsy and histology
47).

A standard set of liver function tests are used in the
workup of patients with suspected NASH, but none are
really specific. AST/ALT ratio is often less than 1 in NASH,
whereas a ratio above 1 would suggest an alcoholic
steatohepatitis or evolution towards liver cirrhosis. y-GT is
of limited use, as it can increase in both NASH and ASH.
Red cell mean corpuscular volume (MCV) is frequently
elevated in alcoholic patients. The use of CAGE or MAST
questionnaires, however, can help in disclosing some
alcoholic habits.

Insulin resistance is defined by a suboptimal response to
the biological action of insulin to endogenous insulin with
resulting hyperinsulinemia (48). Although the gold standard
for measuring insulin resistance is the euglycaemic insulin
clamp, the so-called homeostasis model assessment
(HOMA) formula is deemed as a reliable surrogate measure
of'in vivo insulin sensitivity in humans [Fasting serum insulin
(uIU/ml) x Fasting serum glucose (mmol/L) divided by 22.5].
Patients are classified as insulin resistant if HOMA is over
1.64 (16). Insulin resistance and systemic hypertension are
both independent factors associated with advanced forms
of NASH (49). Hyperinsulinemia and insulin resistance in
patients with NASH are likely to derive from an enhanced
pancreatic insulin secretion which compensates the reduced
insulin sensitivity (50).

Liver imaging is essential in patients who are likely to
have NAFLD. Liver ultrasonography detects the presence
of fat in the liver as “bright liver” (51) but is unable to
predict fibrosis. Although CT scan and NMR can provide
information on fat accumulation in the liver (52), their use is
discouraged because neither are able to differentiate
between NASH and non progressive NAFLD. Therefore,
liver biopsy in patients with fatty liver and elevated serum
transaminases should be considered in order to establish
the diagnosis of NASH, staging the disease (e.g. extent of
fibrosis) and assessing treatment effectiveness (53) (Table
I). Poynard et al. (54) found that an age greater than 50
years correlated with septal fibrosis in obese patients and
that no patients showed septal fibrosis or cirrhosis when
the age was under 50 years, BMI lower than 30 Kg/m? and
ALT elevation less than two-folds. Thus, if a patient present
with elevated transaminases plus fatty liver at
ultrasonography and other chronic liver diseases have been
accurately excluded, liver biopsy would be only necessary
when his age is over 40 years. A great deal of attention
should be therefore emphasised on predicting advanced or
progressive disease in order to select patients suitable for
liver biopsy. A recent report suggests an algorithm including
serum hyaluronate and carbohydrate-deficient transferrin/
transferrin ratio as noninvasive method to predict liver
fibrosis in patients with metabolic syndrome (55). Although
this approach may predict the presence of fibrosis, it cannot
predict which patients are developing more aggressive forms
of NASH. High serum ferritin levels may indicate a high risk
of developing NASH in patients with fatty liver (56); this is
particularly true if data are simultaneously associated with
glucose and/or lipid metabolism disorders.

In order to develop more accurate non-invasive tests
for the study of NASH patients, recent investigations have
focused on the use of breath tests as diagnostic tools to
investigate liver function. By using substrates marked with
the non radioactive and naturally-occurring stable isotope
13C, specific enzyme function can be investigated in the liver
(Fig.4). General principles of the oral *C-stable-isotope
breath test for the dynamic study of liver function include
the following steps: oral administration of labelled
compound; absorption of the substrate and portal delivery
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Table I Grading and Staging for NASH

Grading Steatosis Ballooning Inflammation

Grade 1, mild <33% Minimal Lobular: mild-moderate;
Portal: none-mild

Grade 2, moderate  33-66% Present Lobular: moderate;
Portal: mild-moderate

Grade 3, severe >66% Marked Lobular: marked;

Portal: mild-moderate

Staging  Perisinusoidal fibrosis Portal-based fibrosis Bridging Fibrosis  Cirrhosis
Stage 1  Focal or extensive 0 0 0
Stage 2 Focal or extensive Focal or extensive 0 0
Stage 3  Bridging septa Bridging septa + 0
Stage 4 Brigding septa with Portal tract replaced or Extensive +

zone 3 incorporated

incorporated into septa

(readapted from Brunt et al. — ref. 85)
0 on 0

| |
RO G-+ CobsH = RCHL +%C0,+H,
Yo

SCoA

NAD"  NADH+H'

Fig.4 Metabolic pathway of ketoisocaproate decarboxylation in
the liver. The process uniquely occurs at the mitochondrial level
and depends on NAD" availability. The asterisk (*) indicates the
labelled carbon as "*C.

to the liver; liver metabolism of the substrate with ultimate
production of labelled *CO,; breath collection in appropriate
test tubes and *CO, measured by mass spectrometry.

The ketoisocaproic acid which explores mitochondrial
function in vivo (57) might provide information in patients
with alcoholic and non alcoholic fatty livers. The '*C-
methionine breath test has been demonstrated to be
promising in distinguishing between the ASH and NASH
(58). Since microsomal enzymes have been found
hypertrophic in NASH, a breath test may be adapted to
investigate microsomal functional mass. *C-methacetin
breath test has potential interest: it is easy to perform, not
burdened by side effects and costs are low (59). The
usefulness of such breath tests for studying “dynamic”
liver function is being tested also in our laboratory, and
compared with other “static” liver function tests. Preliminary
data from our laboratory indeed suggest that
hypertransaminasemic patients with histologically proven
NASH exhibit deranged microsomal and mitochondrial
function, as assessed by two different substrates ('*C-
methionine and '*C-Kica).

Current treatments

Therapeutic approaches of NASH are largely conser-
vative, and a summary is depicted in Table II. Patients should

avoid alcohol and other hepatotoxins (60). A program
including progressive weight reduction, metabolic control
and gradual physical exercise may contribute to improve
liver abnormalities. A gradual weight loss is recommended
if obesity is present and a fatty liver is found (4). Conversely,
a sudden weight reduction, for example following weight-
reduction surgery, must be avoided since it may result in a
fatal hepatic failure (61). More recently, however, it was
shown that weight loss after surgery in severely obese
individuals results in a major improvement of obesity,
obesity-related metabolic syndrome, and liver histology (62).
As NASH patients with diabetes mellitus are at higher risk
to develop more aggressive outcomes, the potential role for
antidiabetic drugs in NASH patients is being explored. Drugs
which decrease insulin resistance and increase hepatic
insulin sensitivity are of interest (63-65). Recently, metformin
(850 mg b.i.d. for 24 weeks) improved the hepatic necro-
inflammatory activity in NASH (66). In a pilot study the use
of rosiglitazone (a PPARY ligand) belonging to the
thiazolidinediones family, was associated with decreased
insulin resistance and improved liver histology in NASH
patients (67). Thiazolidinediones exert their function through
the activation of PPARYy nuclear receptors. This activation
ameliorates insulin sensitivity by promoting glucose utili-

Table II Therapeutic approaches with beneficial effects in NASH
patients or in animal models

Strategy Treatment

Gradual weight reduction Caloric restriction (26)
Exercise (4)
Weight-reducing surgery (62)
Metformin (66)
PPARs-ligand (Rosiglitazone,
Pioglitazone) (67,86)
Fibrates (Gemfibrozil) (87)
Fish-oil (81)

Vitamin E (74,75)
N-Acetyl-cysteine (76)
Betaine (82)

Insulin-sensitization

Lipid-lowering drugs

Antioxidants
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Fig.5 Schematic representation of the ligands and relative effects
of thiazolidinediones. The arrow size is proportional to the
receptor selectivity for the substance.

zation at muscular level and by decreasing the hepatic
glucose production (Fig.5).

Promising results have been reported in pilot studies
testing other drugs of different categories, including
gemfibrozil, metformin, vitamin E, N-acetylcysteine, and S-
adenosyl-L-methionine (68-73). One study showed that oral
supplementation of vitamin E (as antioxidant agent) at high
doses (600 1U/day) normalized amino-transferase levels in
children with NASH (74), while in another study transami-
nases dropped and liver histology significantly improved
after vitamin E and weight reduction in patients with NASH
(75). Other authors have described amelioration of liver para-
meters after a combination of probiotics with prebiotics and
vitamins (76) or after alternative medicament products (77).

Controversial results have been shown with ursodeoxy-
cholic acid. Okan et al (78) reported that UDCA prevented
the appearance of liver steatosis in rats on a choline-deficient
diet but was ineffective to prevent steatosis when added to
the diet at a later stage. In a recent study, however, two
years UDCA therapy at high doses (13-15 mg/kg/d),
although safe and well tolerated, was no better than placebo
for patients with NASH assessed by liver histology at
baseline and after treatment (79).

Carnitine and coenzyme-A, essential co-factors in the
transport of fatty acids into mitochondria, might contribute
to increase the subsequent oxidation of the same fatty acids.
Finally, ciprofibrate, a PPARa ligand and inducer of fatty
acid oxidation decreased the severity of choline-deficient
diet induced fatty change and hepatitis (80).

Very recently, dietary omega-3 fatty acids have been
shown to decrease hepatic triglycerides in Fisher 344 rats
(81). Betaine, an antioxidant with potential hepatoprotective
effects, was as effective (20 mg/day) as other medicaments
in reducing serum transaminase levels with associated
amelioration of liver histology (82).

Finally, invasive procedures may have indications in
severely obese patients refractory to diet and exercise. The
positioning of a gastric balloon can result in a decreased
stimulus to eat, but its application is limited to 6-10 months.

The external gastric banding is an alternative choice (83).
The most widely performed bariatric surgical procedure,
Roux-en-Y gastric bypass, achieves permanent and
significant weight loss but can be followed by severe
complications in patients with NASH.

Orthotopic liver transplantation (OLT) is an option for
end-stage liver disease patient, including those with NASH-
related cirrhosis. However, a number of papers have reported
the de novo occurrence of NASH with progression of
cirrhosis following liver transplantation (84). The high
recurrence rate following transplantation and the clinical
outcomes similar to those of other group of patients
undergoing OLT, support the assertion that NASH
represents per se a cause of liver cirrhosis and end-stage
liver disease.

Conclusions and perspectives

In the western world, NAFLD and NASH are likely to
represent the top of the iceberg including several complex
biochemical, metabolic, and clinical conditions. Despite the
well-defined morphological features, our knowledge on the
pathogenic mechanisms is lacking as well as the appropriate
therapeutic approach. Therefore, a better understanding of
the mechanisms leading to fat accumulation and oxidative
balance impairment in steatotic livers is greatly expected to
improve the therapeutic approach against the risk to develop
NASH, as well as to increase the tolerance of these organs
toward oxidative stress conditions. Treatment of co-
morbidities is essential to exclude additional factors of liver
injury in patients with NASH. It is of fundamental prognostic
importance to identify and treat underlying liver steatosis
or steatohepatitis in patients carrying also other causes of
liver disease. Therefore, beyond diet education, lipid and
glucose metabolism control and improved physical exercise,
a rationale approach aiming to increase the tolerance of
steatotic livers to stress-induced injury should
simultaneously enhance the hepatocellular content in
antioxidant molecules, ameliorate their distribution within
subcellular organelles, enlarge the glycogen reserves and
improve their utilization.
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