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A B S T R A C T

Non-alcoholic fatty liver disease (NAFLD) represents the most common chronic liver disease in industrialized
countries. NAFLD progresses through the inflammatory phase of non-alcoholic steatohepatitis (NASH) to fibrosis
and cirrhosis, with some cases developing liver failure or hepatocellular carcinoma (HCC). Liver biopsy remains
the gold standard approach to a definitive diagnosis of NAFLD and the distinction between simple steatosis and
NASH. The pathogenesis of NASH is still not clear. Several theories have been proposed ranging from the “Two
Hit Theory” to the “Multiple Hit Theory”. However, the general consensus is that the gut microbiota, oxidative
stress, and mitochondrial damage play key roles in the pathogenesis of NASH. The interaction between the gut
epithelia and some commensal bacteria induces the rapid generation of reactive oxygen species (ROS). The main
goal of any therapy addressing NASH is to reverse or prevent progression to liver fibrosis/cirrhosis. This problem
represents the first “Achilles’ heel” of the new molecules being evaluated in most ongoing clinical trials. The
second is the inability of these molecules to reach the mitochondria, the primary sites of energy production and
ROS generation. Recently, a variety of non-pharmacological and pharmacological treatment approaches for
NASH have been evaluated including vitamin E, the thiazolidinediones, and novel molecules related to NASH
pathogenesis (including obeticholic acid and elafibranor). Recently, a new isoform of human manganese su-
peroxide dismutase (MnSOD) was isolated and obtained in a synthetic recombinant form designated rMnSOD.
This protein has been shown to be a powerful antioxidant capable of mediating ROS dismutation, penetrating
biological barriers via its uncleaved leader peptide, and reducing portal hypertension and fibrosis in rats affected
by liver cirrhosis. Based on these distinctive characteristics, it can be hypothesized that this novel recombinant
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protein (rMnSOD) potentially represents a new and highly efficient adjuvant therapy to counteract the pro-
gression from NASH to HCC.

1. Introduction

Fatty liver is an emerging medical problem. This condition is often
discovered at the same time during ultrasound examinations performed
for other purposes. Although the possible etiological factors have been
investigated, in a high proportion of cases, the cause of the disease
remains unidentified. These cases, defined as “metabolic syndrome” are
often related to other diseases, or to other predictive parameters (hy-
perglycemia, dyslipidemia, high blood pressure, and abdominal obe-
sity) and are classified as non-alcoholic fatty liver disease (NAFLD).
This condition is one of the most common benign liver disorders in
modern societies, and represents the first stage of a process that may
evolve into an inflammatory phase defined as non-alcoholic steatohe-
patitis (NASH). Subsequently, this process can lead to fibrosis, cirrhosis,
and even hepatocellular carcinoma (HCC) with high rates of morbidity
and mortality [1]. A schematic diagram of these processes is shown in
Fig. 1. Over the years, several terms have been used to describe NASH,
such as pseudo-alcoholic hepatitis, alcohol-like hepatitis, fatty liver
hepatitis, steatonecrosis and diabetic hepatitis. More recently, ab-
breviations such as BASH (both alcoholic and non-alcoholic liver dis-
ease), DASH (drug-associated steatohepatitis), CASH (chemotherapy-
associated steatohepatitis), and PASH (PNPLA3-associated steatohepa-
titis) have been adopted to distinguish the various etiologies [2]. In this
review, we provide an updated overview of NAFLD/NASH and pro-
gression to cirrhosis/HCC, with a particular focus on the roles of the gut
microbiota and oxidative stress, as well as the prospects for novel
therapies.

2. Worldwide incidence of NAFLD

The prevalence of NAFLD in the general population is approxi-
mately 6–35%, with a median incidence of 20% [2,3]. Worldwide
distribution, referred to a meta-analysis carried out with studies con-
ducted between the years 2000–2015, is highly variable as shown in
Table 1 [4,5].

In the general population of Western countries, the incidence of
NAFLD is 20–30%, with a prevalence of approximately 30% among
adults in the United States (US) and 25% in Italy [6].

Patients with NAFLD have higher overall mortality than control
patients [1], and most deaths are due to cardiovascular events [7]. Male
sex, older age, increased waist circumference, low high-density lipo-
protein levels, and the presence of metabolic syndrome are the in-
dependent predictors of mortality in patients with NAFLD [8]. In
healthy men, increased serum alanine aminotransferase (ALT) levels,
even within the reference range, are an independent predictor of
NAFLD [9], although this parameter is not predictive of death. A re-
versal of an ALT/AST (aspartate aminotransferase) ratio of more than 1
is an index of advanced fibrosis [1]. Other predictors of NAFLD are
insulin resistance (which can induce dyslipidemia and atherosclerosis),
endothelial dysfunction, alteration of the left ventricular energy meta-
bolism, stroke, and increased expression of inflammation mediators
[10]. NAFLD is present in 80–90% of obese individuals, in 30–50% of
diabetics and approximately 90% of patients with hyperlipidemia [6].

3. Worldwide incidence of NASH

Among the general population, the worldwide incidence of NASH is
5–7%, as reported in a study performed by Pereira K. et al. in 2015
[11], with 30–40% having raised liver enzymes and progressing from a
chronic liver disease to cirrhosis and hepatocarcinoma. Among patients

with NASH, 34–50% remain stable and 18–29% improve the histolo-
gical aspect of their liver, while 26–37% progress to fibrosis, with
9–25% of these patients going on to develop cirrhosis [11,12]. NASH is
involved in approximately 30–40% of deaths caused by liver disease. In
terms of progression to HCC, 0–0.5% of patients progress from simple
hepatic steatosis, 0–2.8% from NASH and 40–62% from cirrhosis [11].
The risk factor of NAFLD/NASH is similar in all countries [6,13]. The
evolution of NASH to fibrosis/cirrhosis depends critically on the initial
stage of inflammation [14]. Cirrhosis is not always present and it has
been reported that 41.7% of patients develop HCC without showing
cirrhosis [15,16]. Among patients with NASH, 20% progress to cirrhosis
over a 20-year period with increased risk of liver failure or HCC re-
sulting in transplantation or death [17]. After hepatitis C virus, NASH
has become the leading etiology of liver transplantation due to HCC in
the US, with a four-fold increase reported over the period from 2002 to
2012 [18]. However, HCC is not necessarily associated with cirrhosis,
but depends on metabolic diseases (diabetes, obesity, and insulin re-
sistance) [19].

4. NAFLD/NASH: pathogenesis

A subset of patients with NAFLD develops NASH; however, the
mechanism is poorly understood and the pathogenesis of NASH is un-
clear although the current scientific consensus accepts the concept of
the “Multiple Hit Theory” [20] (Fig. 2) rather than the “Two Hit
Theory” [21] (Fig. 3).

Until recently, hepatic steatosis [22] and oxidative stress [23] – the
latter also caused by changes in the gut microbiota [24,25] – were seen

Fig. 1. Schematic representation of progression from NAFLD/NASH to cirrhosis/HCC.
The history of non-alcoholic fatty liver disease (NAFLD). This term assembles a wide
spectrum of conditions ranging from dyslipidemia to steatohepatitis (NASH). Lifestyle
factors, such as sedentary lifestyle and high calorie intake combined with insulin re-
sistance and several others genetic and epigenetic factors induce the progression of NASH
to cirrhosis and hepatocarcinoma (HCC) with its clinical consequences.
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