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Abstract
The growing diffusion of nonalcoholic fatty liver disease 
(NAFLD) is a consequence of the worldwide increase 
in the prevalence of obesity. Oxidative stress is widely 
recognized to play a pivotal role in NAFLD evolution to 
nonalcoholic steatohepatitis (NASH). Here we review 

recent evidence suggesting that oxidative stress-derived 
antigens originating within fatty livers stimulate both 
humoral and cellular adaptive immune responses and 
the possible mechanisms involved in sustaining hepatic 
inflammation in NASH. 
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is 
becoming one of the most common hepatic diseases, 
yet the factors responsible for the wide inter-individual 
variability in NAFLD evolution to nonalcoholic steato
hepatitis are still poorly understood. In this Editorial, we 
comment on recent evidence suggesting the involvement 
of adaptive immune responses in sustaining hepatic 
inflammation during NAFLD evolution. 
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INTRODUCTION
One of the consequences of the epidemical worldwide 
diffusion of obesity is the growing prevalence of 
nonalcoholic fatty liver disease (NAFLD) that has become 
the most frequent hepatic lesion in western countries[1-3]. 
Although NAFLD is most often benign, in about 
20%-30% of the patients steatosis evolves to nonalcoholic 
steatohepatitis (NASH) and fibrosis[1-3], making NAFLD 
an increasingly important cause of hepatic cirrhosis. 
In recent past, many studies have investigated the 
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pathogenesis of NAFLD/NASH[4]. However, several issues 
concerning the mechanisms responsible for promoting 
lobular inflammation are still incompletely understood. 
In particular, it is unclear why only a fraction of NAFLD 
patients develop steatohepatitis and what are the factors 
responsible for the large inter-individual variability in the 
disease evolution to fibrosis. Lymphocytes represent 
along with macrophages the most frequent inflammatory 
cells in lobular and periportal infiltrates of NASH[5]. This 
has several analogies with that observed in the adipose 
tissue of obese subjects where lymphocyte infiltration 
has emerged as an important player in orchestrating 
inflammation[6,7]. In fact, chemokines released by fat-
resident macrophages recruit to the adipose tissue 
CD4+/CD8+ T-lymphocytes and natural killer T-cells (NKT), 
that, in turn, stimulate macrophage activation and the 
release of pro-inflammatory mediators[6,7]. B-cell are 
also involved in the process by driving T-cell activation 
and secreting pro-inflammatory cyto/chemokines[8]. 
Accordingly, T- or B-cell-null mice are less susceptible to 
fat inflammation and insulin resistance when fed a high 
fat diet[9,10]. 

ROLE OF OXIDATIVE STRESS-MEDIATED 
IMMUNE RESPONSES IN NAFLD 
EVOLUTION
In spite of the growing importance of adaptive immunity 
in stimulating adipose tissue inflammation, so far little 
attention has been paid to the possible involvement of 
similar mechanisms in NASH. Oxidative stress is a key 
feature of NAFLD/NASH[11,12] and many data show that 
lipid peroxidation products arisen from the oxidation of 
phospholipids can elicit humoral and cellular immune 
responses by forming immunogenic adducts through 
the interaction with cellular proteins[13]. In this regard, 
our experimental data have shown that 40%-60% 
of both adults and children with NAFLD/NASH have 
circulating antibodies against lipid peroxidation-derived 
antigens, namely malonyldialdehyde (MDA) and 4-hy
droxynonenal[14,15]. Noteworthy, high titres of these 
antibodies are also associated with increased hepatic 
inflammation, and advanced fibrosis in, respectively 
children[15] and adults[14]. Similar antibodies against lipid 
peroxidation-derived antigens are detectable in a dietary 
rat model of NAFLD and reducing lipid peroxidation by 
supplementation with the antioxidant N-acetylcysteine 
prevents antibody response and ameliorates hepatic 
injury[16]. In line with these observations, experiments 
using mice with NASH induced by feeding a methionine 
and choline deficient (MCD) diet demonstrate that 
CD4+ and CD8+ T-lymphocytes are recruited within the 
liver and their prevalence parallels the worsening of 
parechymal injury and lobular inflammation[17]. Both 
lymphocyte subsets express the CD69 activation marker 
and CD4+ T-cells show an increased interferon-γ (IFN-γ) 
production indicating that liver infiltrating lymphocytes 
have an activated phenotype[17]. Concomitantly, we 

have also observed a stimulation of humoral immunity 
with an increase of circulating IgG recognizing antigens 
derived from protein modification by lipid peroxidation 
derived adducts[17]. Interestingly, the same antigens 
are also recognized by hepatic T-cells confirming that 
oxidative stress can represent the source of neo-antigens 
able to promote adaptive immune responses[17]. The 
characterization of the epitopes recognized by circulating 
antibodies associated with human NASH has revealed 
that they mainly interact with the cyclic methyl-1,4-dihy
droxypyridine-3,5-dicarbaldehyde adducts also known 
as malonyldialdehyde-acetaldehyde (MAA) adducts[14] 
which originate by the combined interaction of these 
aldehydes with protein lysine ε-amino groups[18]. MAA 
adducts are known to be very antigenic[18]. Furthermore, 
a recent study by Henning et al[19] has shown that the 
development of MCD-induced NASH is associated with 
an early expansion in hepatic mature myeloid dendritic 
cells, which acquire the capacity to specifically stimulate 
CD4+ T-cells. Thus, this combination can likely drive 
the activation of adaptive immunity during the onset of 
NASH. It is noteworthy that immune reactions toward 
lipid peroxidation-derived epitopes, including the MAA 
adducts, characterize alcoholic liver disease in both 
humans and experimental animals[20-22]. In heavy drinkers 
elevated titres of IgG recognizing lipid peroxidation-
related antigens are associated with a 5-fold increase 
in circulating tumor necrosis factor (TNF)-α levels as 
compared to subjects without these antibodies and with 
an enhanced probability to progress to more severe 
liver injury[23]. Moreover, antigens derived from oxidative 
modification of low density lipoprotein are also among 
the triggers of adaptive immune mechanisms involved in 
the evolution of atherosclerosis and anti-MAA antibodies 
predict coronary artery disease in atherosclerotic 
patients[24]. This latter analogy might have clinical 
relevance in the light of the data suggesting that NAFLD/
NASH and atherosclerosis share common pathogenetic 
mechanisms and the presence of NASH increases the risk 
of atherosclerotic ischemic complications[25]. 

INTERACTION BETWEEN INNATE 
AND ADAPTIVE IMMUNITY IN NASH 
EVOLUTION
More insides in understanding of the possible role of 
adaptive immunity in sustaining NASH-associated 
hepatic inflammation have been obtained by immunizing 
mice with MDA-derived protein adducts, that are among 
the antigens related to oxidative stress detected in both 
in human and experimental NASH. By this approach, 
we have observed that the stimulation of immune 
responses worsens parenchymal injury and lobular 
inflammation in mice receiving the MCD diet and that 
these effects are associated with an enhanced hepatic 
lymphocyte infiltration[17]. In these animals, CD4+ 
T-cell depletion with specific antibodies demonstrates 
that Th-1 polarized CD4+ T-cells are able to stimulate 
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hepatic macrophages through the expression of CD40 
ligand and IFN-γ[17]. On their turn, by releasing TNF-α, 
interleukin 12 (IL-12), reactive oxygen species and nitric 
oxide macrophages further contributes in promoting 
lymphocyte functions, oxidative stress and parenchymal 
injury. In fact, CD4+ T-cell ablation in MCD-fed MDA-
immunized mice significantly improves liver damage and 
lobular inflammation[17]. Interestingly, IFN-γ deficiency 
attenuates steatohepatitis and hepatic fibrosis in mice 
fed with the MCD diet[26], while interference with CD40/
CD154 dyad reduces adipose tissue inflammation in 
obese mice[27]. Altogether, these results indicate that 
Th-1 CD4+ T cells activation might represent one of the 
mechanisms by which adaptive immunity can sustain 
hepatic inflammation during NASH progression. Overall, 
these findings are relevant for the human disease since 
both paediatric and adult NASH are characterized by an 
up-regulation in liver IFN-γ expression and an increase 
in circulating CD4+ T-cells producing IFN-γ[28,29]. This 
does not exclude that additional mechanisms might also 
be involved. For instance, Tank et al[30] have recently 
reported an increase in Th-17 CD4+ T-cells in mice 
with steatosis induced by feeding a high fat diet. They 
also have observed an up-regulation of Th-17 related 
cytokines (IL-17, IL-21, IL-23) in liver biopsies of NASH 
patients[30]. In our hands, CD4+ T cells activation in MCD-
fed MDA-immunized mice does not affect ROR-γt as well 
as IL-17a hepatic gene expression[17]. Nonetheless, the 
actual role of CD4+ Th-17 T-cells in the pathogenesis 
of NASH requires further investigations, as IL-17 up-
regulation has been associated to the pathogenesis of 
liver fibrosis in mice[31].

Although B-cell depletion reduces fat inflammation 
in obese mice[10], so far the role of humoral immunity 
in NASH is poorly investigated. Our preliminary results 
indicate that in MCD-induced steatohepatitis the 
presence of antibodies recognizing MDA-antigens is 
associated with IgG deposition within the inflammatory 
infiltrates suggesting the possibility that these antibodies 
may contribute to hepatic damage by inducing antibody-
dependent cytotoxicity or complement activation. On 
this latter respect, Rensen et al[32] have recently reported 
extensive complement activation in liver biopsies of 
NASH patients, which in turn is associated with enhanced 
hepatocyte death, granulocyte infiltration and higher liver 
expression of IL-1β, IL-6 and IL-8 mRNAs. Furthermore, 
in the livers of immunized mice we have observed that 
the up-regulation in the B-cell markers parallel with that 
of pro-inflammatory cytokines. Nonetheless, further 
investigations are needed to better clarify the possible 
involvement of humoral responses in NASH. 

IS THERE A ROLE OF ADAPTIVE 
IMMUNITY IN NASH PROGRESSION 
TO FIBROSIS AND HEPATOCELLULAR 
CARCINOMA?
In recent years, NAFLD/NASH has not only been 

recognized to be an important cause of hepatic 
fibrosis/cirrhosis, but has also been associated with the 
growing prevalence of the hepatocellular-carcinoma 
(HCC)[33]. In this latter respect, the possible relevance 
of adaptive immune mechanisms has emerged from 
a recent report showing that lymphocyte responses 
promote HCC development in a dietary model of NASH 
consisting in mice feeding with a choline deficient high 
fat diet (CD-HFD)[34]. In this study, Wolf et al[34] have 
observed that NASH and hepatic fibrosis parallel with 
the liver recruitment of activated CD4+, CD8+ T and 
NKT cells. Moreover, after 12 mo a substantial fraction 
CD-HCF-fed animals develops HCC, while β2m-/- mice 
lacking CD8+ T- and NKT cells are protected from both 
NASH and HCC[34]. These findings are in line with recent 
data pointing to an involvement of NKT-cells in the 
evolution of chronic liver disease[35]. In particular, NKT 
cell expansion characterizes advanced NASH in both 
humans and rodents, while MCD-fed NKT cells deficient 
mice show lower hepatic inflammation and fibrosis than 
wild type littermates[36,37]. On the same line, we have 
reported that an increased prevalence of hepatic NKT 
cells is associated with the worsening of steatohepatitis 
in MDA-immunized mice receiving the MCD diet[17]. A 
stimulation in the macrophage production of CXCL16, a 
chemokine specifically involved in NKT cell recruitment 
along with an elevation in hepatic levels of IL-15 have 
been proposed to regulate NKT cell pool in NASH[38,39]. In 
accord with the importance of IL-15 in supporting T- and 
NKT cell differentiation and survival[40], we have observed 
that IL-15 is selectively up-regulated in MDA-immunized 
MCD-fed mice concomitantly with the expansion of NKT 
cells, while CD4+ T cell ablation significantly lower the 
intrahepatic IL-15 mRNA level[17]. This suggests that Th-1 
responses might promote NKT cell expansion through 
IL-15 up-regulation. At present, the mechanisms by 
which NKT cells contribute to liver injury in NASH are 
still poorly understood. Syn et al[41] have proposed that 
osteopontin (OPN) producing NKT cells can sustain 
NASH evolution to fibrosis. An over-expression of liver 
OPN has been described both in humans and rodents 
suffering from advanced NASH[41-43], whereas OPN-
deficient mice are protected from the development 
of steatohepatitis and fibrosis induced by the MCD 
diet[42,44]. In our hands, liver OPN content is selectively 
up-regulated in immunized MCD-fed mice concurrently 
with NKT cell recruitment and OPN-producing NKT cells 
are also increased in the livers of these animals[17]. This 
could explain the stimulation in collagen deposition 
that is evident in these animals, as OPN can directly 
promote collagen production by activated hepatic stellate 
cells[45]. OPN has also been proposed to induce ductular 
reaction[46] that is associated with an increased risk of 
fibrosis evolution in NASH patients[47,48].

CONCLUSION
Available evidence indicates that immune responses 
stimulated by oxidative stress-related antigens can 
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