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Nonalcoholic fatty liver disease (NAFLD) is known as the hepatic manifestation of 
the metabolic syndrome, and while most patients develop simple steatosis, up to one-
third can develop nonalcoholic steatohepatitis (NASH). NASH is a chronic inflammatory 
condition of the liver that can further progress to fibrosis and cirrhosis, which may even-
tually lead to liver failure and death. In this Special Issue, 12 scientific contributions, in-
cluding nine reviews and three original research articles, address basic and clinical re-
search on NASH and its systemic complications. Articles were divided into three subtop-
ics: (1) mechanistic tools to investigate all disease aspects of NAFLD; (2) extrahepatic man-
ifestations of NASH; and (3) promising biomarkers to diagnose NASH and interventions 
to treat NASH. 

Currently, the mechanisms by which inflammation is triggered within the context of 
NASH are unknown. Consequently, therapeutic options are poor, non-invasive markers 
to detect NASH do not exist and the long-term burden to society is constantly increasing. 
Ultimately, there is an urgent need for a physiological “humanized” model that displays 
a liver phenotype identical to human disease, including all stages and systemic character-
istics. In this Special Issue, Oligschläger et al. [1] provide an overview on the currently 
existing murine models and describe the advantages, limitations and challenges in using 
each model. While murine models are considered indispensable tools for studying chronic 
liver disease pathology, the majority of the existing models do not demonstrate all the 
disease stages or do not have the systemic characteristic of NASH. Therefore, selection of 
the model is highly dependent on the research question. Furthermore, as NASH progres-
sion greatly varies across different strains, it is often not sufficient to include only one 
model in each study. Considering the ethical issues related to the use of animals in re-
search, the high costs and the low success rate of clinical trials which are based on murine 
models, great effort has been put to develop surrogate to the animal testing. One of the 
most promising recent and cost-effective alternative approaches is to employ machine 
learning and artificial intelligence on organ-on-a-chip technology. Such a high-through-
put approach allows for the early identification of mechanisms leading to NASH and the 
assessment of the efficacy and toxicity of novel treatments. De Chiara et al. [2] provide a 
wide overview of the new implementation of organ-on-a-chip into the field of NAFLD, 
the current findings and limitations. They further elaborate on the multiple opportunities 
which will enable us to drastically limit the use of preclinical models and accelerate trans-
lational research in the field of NASH. Recently, organ-on-a-chip has also been used as a 
model to investigate the complex mechanisms which leads to the transition to hepatocel-
lular carcinoma (HCC). In this Special Issue, Ramai et al. [3] review the pathogenesis of 
NASH leading to HCC and emerging pathological concepts. These mechanisms include 
the effects of cellular, genetic, immunologic, metabolic, and endocrine pathways. Comb-
ing artificial intelligence with complex organ-on-a-chip tools will allow us to investigate 
the interaction between these pathways in a rapid and accurate manner and aid the 
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development of personalized treatment to NASH, as well as HCC patients, as organ-on-
a-chip technologies need to be further developed before they will lead to the identifica-
tions of early and reliable diagnostic methods. In the meanwhile, extensive efforts are put 
to establishing imaging modalities for the identification of individuals at risk to develop 
advanced stage of NASH. Currently there are several imaging modalities for the assess-
ment of hepatic steatosis and fibrosis. The extensive use in these imaging modalities 
within the context of NASH is described in the review of Grat et al. [4]. However, identi-
fication of inflammation by these tools and predication of the chance for complications 
based on early images remains a challenge. The 13C-aminopyrine breath test (ABT) eval-
uates the microsomal liver function and could be a potential candidate to allow the dis-
crimination between simple steatosis to NASH. Using this approach, in this Special Issue, 
Verlinden et al. [5] aimed to evaluate a potential change in liver function in NASH patients 
and to assess the diagnostic power to detect NASH. They demonstrated that the microso-
mal liver function of patients with NASH is significantly decreased, even in the absence 
of fibrosis. Nevertheless, while the 13C-aminopyrine breath test show promise in diagno-
sis, they currently do not allow for predication of local and extrahepatic systemic compli-
cations of NASH. Within this context, extracellular vesicles (EVs) have gained increased 
attention due to their function as mediators of cellular communication. In their review, 
Højland Ipsen et al. [6] provide an update on current experimental and clinical findings 
of the role of EVs in NASH progression and point towards the potential of EVs as disease 
markers and treatment targets. Within the same context, leptin, an adipokine involved in 
energy homeostasis and lipid metabolism, has also been investigated as a potential bi-
omarker and as a target of treatment in the NAFLD spectrum. Jiménez-Cortegana et al. 
[7] describe that the use of leptin is debatable, since it has been shown to be an independ-
ent predictor of the presence or development of NAFLD, while it has also been associated 
with hepatic steatosis and could promote the induction of NASH or liver fibrosis in 
NAFLD patients. As a therapeutic option, the use of leptin is controversial due to its pro-
inflammatory properties but does highlight that the development of leptin analogues and 
leptin sensitizers is promising. Overall, these recent developments in preclinical and sur-
rogate models as well as non-invasive tools to assess NASH are expected to drastically 
accelerate the speed by which new knowledge regarding NASH progression is gained as 
well as the identification of novel pharmaceutical target(s) and accurate timing for treat-
ment. 

NAFLD comprises a wide range of liver disorders, from simple steatosis to NASH 
and—if not treated—life-threatening complications such as cirrhosis and HCC. In addi-
tion to effects on hepatic-related events, evidence also points towards a link of 
NAFDL/NASH with extra-hepatic complications, including central nervous system (CNS) 
diseases. In this Special Issue, Colognesi et al. [8] summarize the main correlations ob-
served between NAFLD/NASH and CNS dysfunctions, such as depression, cognitive im-
pairments, dementia and Alzheimer’s disease (AD), where an inflammatory state and ox-
idative stress both play a pivotal role. Even though there are conflicting results whether 
there is a causal relation between liver damage and the development of cognitive dys-
function, many signaling pathways are altered in both NAFLD/NASH and CNS dysfunc-
tion, suggesting that these diseases at least share a pathogenetic component. The pathol-
ogy of NAFLD has also been linked to a lower microbial diversity and an altered gut bar-
rier integrity, exposing the host to bacterial components and inducing immune responses 
and inflammation. Indeed, NASH patients have an increased intestinal permeability and 
a decreased bacterial overgrowth, which correlated with the severity of steatosis. In addi-
tion, several lines of evidence support increased intestinal permeability and bacterial 
translocation as possible causes in the development of metabolic disease, such as the met-
abolic syndrome and type 2 diabetes. As presented by Plaza-Díaz et al. [9] in this Special 
Issue, the potential role of alterations in gut microbiota in NASH as biomarker for prog-
nosis and diagnosis is promising. Moreover, the involvement of microbiota as a potential 



Biomedicines 2021, 9, 1913 3 of 4 
 

target to treat for NAFLD and NASH by supplementation of prebiotics and probiotics and 
fecal microbiota transplantation is discussed. 

Dietary imbalances are increasingly recognized as the root cause of NASH-related 
comorbidities and Simón et al. [10] describe in this Special Issue that a deficit in magne-
sium, a micronutrient found in most green vegetables, legumes, peas, beans and nuts, 
might aggravate NASH and its related diseases. The authors characterized the potential 
role that magnesium might play in the development of liver diseases and metabolic syn-
drome. They have demonstrated that magnesium supplementation is linked to reduced 
NASH-related mortality and future studies to investigate the potential of magnesium as 
a therapeutic approach are warranted. Therapeutic options to treat NAFLD and NASH 
are often targeted to improve glucose metabolism since dysregulations in glucose home-
ostasis are an important driver in the pathogenesis of NASH. Previous studies demon-
strated beneficial effects of antiglycemic treatments in diabetic NASH patients, while not 
much is known concerning their effect in a non-diabetic setting. In this Special Issue, 
Hupa-Breier et al. [11] investigate the effect of long-acting GLP-1 agonist dulaglutide and 
sodium-glucose cotransporter 2 (SGLT-2) inhibitor empagliflozin and their combination 
in a non-diabetic mouse model of NASH. Even though this GLP-1 agonist and SGLT-2 
inhibitor did not prevent hepatic steatosis, dulaglutide and the combination of dulag-
lutide with empagliflozin improved glucose homeostasis and induced anti-inflammatory 
and anti-fibrotic pathways, which could have important implications for the treatment of 
NASH. As described above, pharmacological therapy often addresses NASH-associated 
co-morbidities, while treatments targeting the liver itself are scarce. Mesenchymal stromal 
cell (MSC) transplantation has been shown to ameliorate hepatic lipid load, tissue inflam-
mation and fibrosis in rodent animal models of NASH. However, the mechanisms of these 
MSCs are not known, which is crucial to improve their therapeutic potential. In this Spe-
cial Issue, Hsu et al. [12] transplanted bone marrow-derived MSCs into the livers of a 
NASH mouse model. The diet that was used to induce NASH in this model was charac-
terized by an impairment of the central carbon and amino acid metabolism, which was 
probably the trigger for mitochondrial and peroxisomal dysfunction. Transplanting MSCs 
in the host livers ameliorated lipid storage and associated perturbance of tissue homeo-
stasis likely by donating healthy mitochondria to the hepatocytes, which provided oxida-
tive capacity for lipid breakdown and thus recovery of liver tissue. 

While we have increased our mechanistic knowledge regarding the pathogenesis of 
NASH within the last decade, treatment options are still limited and liver biopsies have 
remained the gold standard for diagnosis. To achieve major clinical breakthrough for 
NASH patients, it is not sufficient to use a single animal model since each model has spe-
cific limitations. Furthermore, we should rely more on alternative models such as organ-
on-a-chip, which will enable us to explore unknown aspects of disease pathogenesis much 
faster and serve as clinically relevant surrogates for murine models. Another important 
direction to improve patient’s health is to pay more attention to extrahepatic, organ spe-
cific and systemic effects, which are associated with NASH. This Special Issue describes 
several metabolic disturbances related to NASH which should be monitored more closely 
in in preclinical studies and in patient populations. As demonstrated in this issue, the 
technological developments in disease models along with advanced mathematical data 
analysis and the view of NASH as a systemic disease, already generated new opportuni-
ties for the discovery of novel drugs and diagnostic tools to monitor diseases progression. 

In summary, the articles in this Special Issue include an up-to-date overview of the 
rapidly developing technologies, novel targets for intervention and insights in the field in 
NASH. Additionally, these articles describe the major challenges in the field, strategies to 
overcome them and suggestions for future directions. To improve patient’s outcome, cli-
nicians, as well as scientists with biomedical, nutrition, physics and mathematics back-
grounds, should join forces. Although challenges remain, the future of the field seems 
promising as these novel technologies and developments are expected to lead to progress 
in NASH. 
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