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Abstract 

This is a meeting report of the 3rd Translational Hepatology Meeting held in Alicante, Spain, 

in October 2021. The meeting, which was organized by the Spanish Association for the Study 

of the Liver (AEEH), provided an update on the recent advances in the field of basic and 

translational Hepatology, with a particular focus on the molecular and cellular mechanisms 

and therapeutic targets involved in metabolic-associated fatty liver disease (MAFLD), 

metabolic-associated steatohepatitis (MASH), cirrhosis and end-stage hepatocellular 

carcinoma (HCC). 
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1- Definition, comorbidities and pathophysiology 

Introduction  

Metabolic-associated fatty liver disease (MAFLD), formerly known as non-alcoholic fatty 

liver disease (NAFLD)i, is one of the leading causes of liver cirrhosis and hepatocellular 

carcinoma (HCC) worldwide. This disease has surfaced as a growing public health issue, 

since MAFLD is becoming increasingly prevalent in parallel with the pandemics of obesity 

and diabetes. Prevalence of MAFLD in Spain is predicted to increase up to 27.6% and 

metabolic-associated steatohepatitis (MASH), the inflammatory advanced stage of this 

disease, will reach about 6% of the Spanish population in 2030, whereas mortality and 

advanced liver disease will double in 2030ii. 

MAFLD and MASH are strongly associated to risk factors such as obesity, type 2 diabetes 

mellitus (T2DM), dyslipidaemias and metabolic syndrome (SM) iii and reciprocally, patients 

with significant fibrosis in the context of MAFLD have been proven to be at risk of 

developing both T2DM and arterial hypertensioniv. Besides, mounting evidence from both 

preclinical and human studies has highlighted the relationship of this disease with 

inflammatory phenotypes, especially related to immune-mediated inflammatory diseases, 

such as Crohn’s diseasev, coeliac diseasevi or hidradenitis suppurativavii. 

MAFLD pathophysiology  

MAFLD is a complex entity involving numerous genetic, epigenetic and environmental 

factors. This disease begins with the accumulation of triglycerides and other lipids in the 

main hepatic cell type, the hepatocyte, and this can progress from simple steatosis to 

steatohepatitis, cirrhosis or even liver cancerviii. 

Initially, obesity induces insulin resistance and chronic inflammation that promotes lipolysis 

of adipose tissueix. Excess blood fatty acids begin to accumulate in the hepatocytes, causing 

the onset of the so-called fatty liver. These lipids come from the systemic circulation, 
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although they are also synthesized de novo within the hepatocyte which, in addition, 

decreases both their degradation and export. Storage of lipids in the form of triglycerides is 

not particularly harmful, but other lipids such as diacylglycerols, cholesterol, 

phosphatidylcholines and certain saturated fatty acids are particularly toxic. 

At the same time, insulin resistance and inflammation in adipose tissue lead to increased 

secretion of adipokines and inflammatory cytokines that generate a state of chronic 

inflammationx. This inflammation, in the liver, is coupled with lipotoxicity due to lipid 

accumulation promoting the activation of stress kinases and hepatocyte cell death-related 

pathwaysxi. Then, the repair mechanisms including proliferation and fibrosis are activated, 

which will be decisive for the disease to develop into liver cirrhosis or HCC.  

Main unresolved clinical issues in MAFLD 

Epidemiological modelling studies have shown that MAFLD incidence and prevalence is 

rapidly increasing and advanced-MAFLD will be one of the main causes of liver-related 

complications, liver transplantations and liver-related deaths in the near futurexii. The main 

challenges that clinicians will face in this context are: (i) Identification of patients that will 

progress to advanced-NAFLD and rapid-progressors: the main strategy to overcome this 

challenge would be to understand deeply the intrahepatic and extrahepatic mechanisms of 

disease progression and discover new non-invasive test with pathophysiological profilexiii, xiv; 

(ii) Determination of hepatic venous pressure gradient (HVPG) as the main predictor for 

clinical decompensation in patients with MAFLD, and validation of the current cut-offs of 

HVPG defined in other aetiologies for MAFLD patients: Previous data from retrospective 

studies showed that HVPG in MAFLD is not as accurate as in other aetiologiesxv, xvi, 

therefore the thorough characterization of advanced MAFLD patients with longitudinal 

assessment would help to identify the best cut-offs and to assess their prognostic value. (iii) 

Evaluation of the usefulness of non-invasive tests for the follow-up in MAFLD patients in 
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order to assess disease progression, clinically significant portal hypertension (PH) or signs of 

oesophageal varices: Recent Baveno Consensus proposed the use of non-invasive tests to 

avoid invasive assessment in patients with PH signs, but data coming from MAFLD patients 

are still scarcexvii. The prospective longitudinal assessment of patients with MAFLD will 

generate data regarding non-invasive tests and transient elastography and their role in follow-

up to predict clinical outcomes. (iv) Multidisciplinary management of advanced-MAFLD 

patients: Management of comorbidities in MAFLD patients is key in order to avoid disease 

progression. Among them, the incorporation of combined treatments and monitorization for 

potential side-effects, the identification of the best time-frame and the best clinical approach 

(surgical vs. endoscopic) and the best candidates for obesity in MAFLD patients are crucial 

for MAFLD managementxviii,  xix, xx.  

Role of sinusoidal cells in MAFLD 

 

Non-parenchymal liver cells, mainly liver sinusoidal endothelial cells (LSECs), hepatic 

stellate cells (HSCs) and resident macrophages, play essential roles maintaining liver 

homeostasis and their de-regulation represent a key underlying mechanism of all 

hepatopathies. Indeed, the complexity of the hepatic sinusoidal milieu is defined by specific 

functions of each cell type together with intense paracrine communication between themxxi. 

In the context of fatty liver disease, all sinusoidal cells become dysfunctional. Different 

studies have described the rapid de-differentiation of LSECs upon administration of high fat 

diet (HFD) in animal models, which become vasoconstrictor and pro-inflammatory. 

Subsequently, the dysfunctional endothelium activates and recruits local and systemic 

myeloid cells, thus promoting an amplification of the damage, and paracrinally affects HSCs 

which start to become activatedxxii. As MAFLD progresses and together with hepatocyte 

dysfunction and death, sinusoidal dysfunctionality is further aggravated resulting in disease-

modifying consequences including the development of hepatic microcirculatory dysfunction 
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and PH, exacerbation of hepatic and systemic inflammation, and synthesis and release of 

large amounts of extracellular matrix (ECM) components resulting in hepatic fibrosis. 

Interestingly, recent studies propose a change in the paradigm demonstrating that the 

biomechanical properties of the chronically injured liver (i.e. high stiffness and high vascular 

tone) are not only consequences of the disease but active players in the aggravation and 

perpetuation of sinusoidal cells dysfunctionality and liver diseasexxiii, and therefore potential 

targets for therapy. 

Role of fat in MAFLD 

In 2020, an international expert consensus panel proposed a new definition of fatty liver, 

MAFLD, which is based on a set of positive diagnostic criteria for fatty liver disease 

associated with metabolic dysfunctioni. The guiding sign is the hepatic steatosis, which can 

be evidenced by biopsy, imaging or blood biomarker. To date, there are no data supporting an 

association between the degree of steatosis and the risk of MAFLD progression or clinical 

outcomes. However, experimental studies showed that PH may begin to develop in the 

absence of fibrosisxxiv. Indeed, preliminary data in MAFLD patients suggest that the degree 

of steatosis may be associated with PH, but the clinical relevance of this subclinical PH (6-

9.5 mmHg) is unknown until datexxv. On the other hand, the liver fat content could be 

relevant for treatment monitoring. Emerging data support the use of magnetic resonance 

imaging derived proton density fat fraction (MRI-PDFF), a non-invasive and quantitative 

measure of liver fat content, for treatment response assessment in NASH trialsxxvi, xxvii. 

Finally, visceral fat constitutes a relevant type of fat in MAFLD pathogenesis, since the 

expansion of this fat is associated with MAFLD progression and development of 

cardiovascular disease, the main cause of mortality among MAFLD patients.  

Immune and systemic inflammatory disorders in MAFLD 
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Evolution has selected those species best endowed to survive and reproduce in a given 

environment, both from a metabolic (nutrition) and an immune/inflammatory (defense 

against pathogens) point of view. This would explain the close relationship between 

metabolism, immunity and inflammation along the entire evolutionary chain up to 

humansxxviii. Moreover, humans are adapted to the lack of nutrients after millions of years of 

being hunter-gatherers. The excess of nutrients is a consequence of the emergence of 

agriculture, livestock and the industrial revolution, very recent phenomena leading to a new 

situation to which we have not yet adapted. This would be the evolutionary explanation for 

the current epidemic of obesity and MAFLD xxviii. Systemic inflammation in obesity is 

triggered by ischemia of hypertrophic adipose tissue, whose capillaries are not sufficient to 

oxygenate it properly. However, in later stages, various organs including the liver contribute 

to the systemic inflammation that in turn affect the rest of the body xxviii,xxix. This explains the 

frequent coincidence of MAFLD with extrahepatic diseases such as psoriasis, cardiovascular 

events (a major cause of mortality in patients with MAFLD) and cognitive impairment xxviii, 

xxx. 

Systemic inflammation in MAFLD has a variable intensity in a given patient due to the 

fluctuating nature of the injuries causing the diseasexxxi. As a consequence, determining the 

parameters of systemic inflammation is not yet useful in the diagnosis, prognosis or treatment 

of patients in clinical practicexxxii, although it may be in the future xxix. 

Metabolic alterations of bile acids during MAFLD progression 

Bile acids are key components of bile that perform essential functions beside facilitate the 

absorption of dietary lipids. Thus, they participate in the homeostasis of hepatic lipid and 

glucose metabolism and energy expenditure acting as signaling molecules through nuclear 

and membrane receptors such as the nuclear farnesoid X receptor (FXR) and the membrane 

Takeda G protein-coupled receptor 5 (TGR5)xxxiii. 
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Several studies have described alterations in serum/plasma bile acid levels and/or in the 

proportion of molecular species in MAFLD patientsxxxiv, which overall indicated that bile 

acids may play a role in the pathophysiology and progression of MAFLD. However, the 

results are not consistent, mainly because there is a strong association of this metabolic 

condition with obesity, insulin resistance, and T2DM, where alterations in bile acid 

metabolism already occur, but also because some studies do not have appropriate patient 

matching, with control groups presenting lower body mass index (BMI) or fasting glycemia. 

The comparison of fasting plasma bile acids in obese subjects with and without 

steatohepatitis matched for BMI and insulin resistance found no differences in total bile acid 

levels or in the proportion of molecular speciesxxxv, but a more complete study concluded that 

plasma bile acid concentrations were elevated in steatohepatitis patients with severe insulin 

resistancexxxvi. Future studies may clarify the role of bile acids in the development of 

MAFLD and their potential therapeutic utility. 

Advanced MASH - Pathophysiology of decompensated cirrhosis 

Decompensated cirrhosis is associated to poor prognosis specially when acute-on-chronic 

liver failure occurs. Even though the mechanisms associated to this condition are partially 

understood, several interacting key factors have been identified.  

(i) Portal hypertension: Portal pressure is determined by the interaction between vascular 

resistance and portal blood flow. Increased vascular resistance, the initial factor in PH 

development, has two components. The first is structural, associated to the architectural 

disturbance characteristics of cirrhosis (fibrosis, parenchymal extinction, sinusoidal 

capillarization etc.)xxxvii. The second is the dynamic component caused by the dysregulation 

of liver vascular tone and by the activation of contractile cells such as myofibroblasts and 

hepatic stellate cells. PH is the most important factor in early stages of cirrhosis and its 

worsening is strongly related to disease progressionxxxviii. (ii) Systemic hemodynamics: PH 
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promotes marked splanchnic vasodilation leading to effective hypovolemia and 

hyperdynamic circulation, activation of homeostatic compensating systems (sympathetic 

nervous system, non-osmotic secretion of antidiuretic hormone, and activation of renin-

angiotensin system), sodium and water retention, and renal failurexxxix. In advanced stages, 

cardiac systolic and diastolic function may be also affected, contributing to circulatory 

derangements. (iii) Systemic inflammation: There is growing evidence indicating the 

existence of marked systemic inflammation in cirrhosis. Initially triggered by damage-

associated molecular patterns (DAMPS) and pathogen-associated molecular patterns 

(PAMPS) overproduction, the continuous stimulation of innate immune system cells induces 

the overproduction of inflammatory mediators that extended damage to different organs. 

Interestingly, the intensity of inflammatory response is associated with acute-on-chronic liver 

failure (ACLF) development and prognosisxl. Additionally, albumin dysfunction, caused not 

only by a decrease in its synthesis but also due to several posttranscriptional changes, 

increases the severity of inflammation and worsens prognosisxli. (iv) Metabolic alterations 

and mitochondrial dysfunction: The exacerbated systemic inflammation promotes a catabolic 

state, similar to the observed in sepsis and severe trauma, with mitochondrial dysfunction and 

shifting of ATP production from oxidative phosphorylation to a less efficient aerobic 

glycolysis. Additionally, the increase in energetic needs derived from systemic inflammation 

lead to peripheral organs to hypometabolism, dysfunction and failurexlii.  

Carcinogenesis in MAFLD 

Among other complications, individuals with MAFLD are at higher risk than healthy 

individuals of malignancies, predominantly HCC, but also other extra-hepatic cancersxliii. 

Indeed, although the incidence of HCC in MAFLD patients is lower than that of other liver 

diseases, the ongoing global epidemic of MAFLD is causing a worldwide increase in HCC 

incidencexliv. Unlike other aetiologies, a high percentage of MAFLD patients develop HCC 
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without cirrhosis xliv. MAFLD-related HCC molecular features are not yet well defined, 

however as far as it is known to date, they do not differ much compared to another HCC 

aetiologies. Notably, these tumors display higher rates of ACVR2A mutations, and are 

enriched in bile and fatty acid signaling, oxidative stress and inflammation, and present a 

higher fraction of Wnt/TGF-β proliferation subclass tumoursxlv. Even more pronounced than 

HCCs of other aetiologies, the majority of MAFLD-associated HCCs are diagnosed at 

advanced or very advanced stagexlvi. Importantly, recent evidence shows that although 

immunotherapy improved survival of advanced HCCs, it was not superior in patients with 

non-viral HCC, particularly NASH–HCC, probably owing to NASH-related aberrant T cell 

activationxlvii. Future research is still needed to better understand MAFLD-related HCC and 

to develop specific biomarkers and therapeutic options.  

2- Update on the mechanisms of liver injury in MAFLD 

Adipose tissue and liver crosstalk 

Currently, it is well-accepted that there is a close crosstalk between the adipose tissue and the 

liverxlviii. The excess of fat is commonly correlated with a generalized proinflammatory state 

and the elevated production of adipokines is likely to play a role in the pathogenesis of 

MAFLD, which can progress to advanced stages such as fibrosis. However, different cells in 

the liver display a divergent response to the excess of fat. While hepatocytes store more fatty 

acids (namely steatosis), HSCs (the primary fibrogenic cells) get activated and lose their 

intracellular lipids normally observed when they are in a quiescent stagexlix. The mechanism 

mediating the reduction of fatty acids in activated HSCs remain largely unknown but there 

seems to be related with a decrease in the expression of adipogenic genesl. Identifying the 

causal pathways mediating this crucial event for the activation of these fibrogenic cells might 

open new avenues to find potential targets for the treatment of fibrosis. 

Mitochondrial (dys)function in MAFLD 



Page 13 of 32

Jo
ur

na
l P

re
-p

ro
of

 13 

Besides, mitochondria play a plethora of functions in the liver which include regulation of 

cellular signaling, energetics and redox balance. In patients with fatty liver, fatty acids are 

preferably oxidized through fatty acid oxidation into acetyl-CoA and further metabolized 

through the tricarboxylic acid (TCA) cycleli and oxidative phosphorylationlii rather than 

safely disposed through ketogenesisliii. Under these circumstances, excessive oxidative burst 

in the mitochondria results in exacerbated production of reactive oxygen species and 

oxidative stress. Increased oxidative stress markers with lowering of the hepatic antioxidant 

machinery and decreased mitochondria biogenesis cause mitochondrial damage. In fact, 

mitochondria structural and functional impairment with reduced respiratory capacity and 

decreased activity of the respiratory complexes are hallmarks of NASH lii. In the last years, 

even though therapies targeting mitochondria have been proposed for the treatment of 

MAFLD, these are still rather experimental. In fact, it has been recently shown that the 

inhibition of Glutaminase 1liv, a mitochondrial enzyme, as well as silencing an endogenous 

inhibitor of the complex I of the electron transport chain, the methylation-controlled J protein 

(MCJ)lv, ameliorates liver steatosis in mouse models of diet-induced MAFLD by different 

underlying mechanisms.  

Oxidative stress and cell death 

As introduced above, oxidative stress is the result of an imbalance between the production of 

reactive oxygen (ROS) and nitrosative (RNS) species and the antioxidant capacity. Oxidative 

stress includes superoxide (O2
•-), hydroxyl (•OH), and hydrogen peroxide (H2O2) radicals. 

Apart from mitochondria, other subcellular structures or organelles, including the plasma 

membrane, endoplasmic reticulum, and peroxisomes contribute to the production of oxidative 

stress. The antioxidant system may rely on enzymatic and non-enzymatic reactions. The 

enzymatic system comprises superoxide dismutase (SOD), catalase (CAT), glutathione 

peroxidase (GPX), and glutathione-S-transferase (GST)lvi. Excessive oxidative stress can 
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result in lipid peroxidation and cause damage to proteins and DNA. Peroxidation of 

membrane lipids leads to both functional and structural damage, which finally results in cell 

death. 

The mode of cell death is not only pivotal in directing the severity but also the outcome of 

liver injury. Apoptosis, necrosis, necroptosis, autophagy, pyroptosis and ferroptosislvii overlap 

and even crosstalk in a variety of liver diseases including MAFLD/MASH, where apoptotic 

effectors CASP3/6/7/8 are predominantly involved in intrinsic (via lipotoxicity and organelle 

stress) as well as in extrinsic (via cell surface receptors) apoptosis thus driving inflammation, 

whilst the role of necroptosis via the involvement of RIPK1/3/MLKL might lead to fibrosis 

and metabolic changeslviii. 

Inflammation and fibrogenesis 

As described above, hepatocyte and endothelial injury triggers multiple proinflammatory and 

profibrogenic pathways and promotes the release of extracellular vesicles, activating other 

liver cell populations and contributing to MAFLD progression. Monocyte recruitment to the 

damaged liver and its polarization in inflammatory macrophages is promoted by chemokine 

release by Kupffer cells (KCs) and other activated non-parenchymal cells including HSCs. 

The diversity of liver macrophage subsets and their plasticity adapting to changes in the 

microenvironment explain their different functional responses in MAFLD, in which they 

regulate inflammation, fibrosis, and tumor progression, as well as tissue repairlix. Activated 

HSC are the main source of ECM and drive the fibrotic response to damage and the 

development of cirrhosis. Besides some well-known proliferative and profibrogenic 

cytokines, novel routes are emerging as important regulators of HSC activation, such as 

Hippo-Yap and Notch pathwayslx, lxi. 

Recent studies are unveiling the enormous complexity of liver biology. In this line, two 

different populations of liver-resident macrophages with inflammatory and 
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immunoregulatory functions have been described, and several subclasses of HSCs have been 

also defined in murine models of steatohepatitis, including a subclass of activated HSCs with 

properties similar to inflammatory fibroblasts associated with cancer. Although further 

research is needed, these transcriptomic analyzes provide new insights into cell heterogeneity 

and its role in liver disease, and offer hope that specific cell subtypes may be targeted by 

precision drugs to reduce inflammation or fibrosislxii, lxiii. 

3- How to approach MAFLD 

Genetics, epigenetics and other risk factors 

A really critical unanswered question is why there are certain patients that progress to severe 

symptomatic states, whereas another important group does not. The reasons for this 

interindividual variability are not completely understood but can be at least partially 

attributed to differences in genetic background, epigenetic modifications and also in new 

recently described events known as epitranscriptomics. Different variants of genes mainly 

implicated in the cellular metabolism of lipids in the liver define the genetic risk factors for 

MAFLD. As such, the most relevant loci affecting MAFLD are PNPLA3 (rs738409 C>G), 

TM6SF2 (rs58542926 C>T), GCKR (rs1260326), MBOAT7 (rs641738 C>T) or HSD17B13 

(rs6834314) among otherslxiv. Epigenetics is the second branch able to explain the variability, 

participating in the development and progression of fatty liver to MASH. Methylation of 

DNA, chemical modification of histone tails and non-coding RNA-mediated regulation are 

the principal epigenetic events, many of them involved in hepatic lipid metabolism, insulin 

resistance, mitochondrial disfunction and oxidative stress thus participating in the 

development and progression of fatty liver to MASHlxv. Additionally, epitranscriptomics 

describe chemical RNA modifications, also dynamic and reversible, that controls its structure 

and function without affecting its sequence. To date, more than 100 different chemical RNA 

modifications have been identified, being N6 -methyladenosine (m6 A) the most 
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characterized m6 A modification that plays an important role in glucose and lipid 

homeostasis, while some m6 A regulators are involved in the progression of MAFLDlxvi. 

A deep knowledge and integrative analysis of the genetic, epigenetic and epitranscriptomics 

modifiers and events can help enormously for individual risk stratification and constitute the 

basis for further developing prevention and treatment strategies. 

Nutritional geometry in MAFLD 

The understanding of the effect of nutrients on MAFLD, in order to define nutritional 

interventions for treatment and prevention, is unclearlxvii. Nutritional geometry is a novel 

approach that analyzes how nutrients and foods can be combined in a system that allows us to 

know the interaction of foods to regulate the properties of diets that affect health. It consists 

of the graphical representation of n-dimensions of nutrients in a diet and their comparison by 

response surfaces of different physiological or health/disease parameters. Using this 

geometric approach, it was shown that in humans energy intake increases as protein intake 

decreases, a phenomenon known as "protein leverage"lxviii. A study with mice showed that 

macronutrient composition of diets determines the probability of having fatty liver disease, 

such that diets low in proteins and high in fats are the strongest drivers of MAFLDlxix. This 

may indicate, that for MAFLD treatment, we should consider weight loss and the proportion 

of macronutrients, their quality and the overall intake of energy. Further studies are warranted 

to evaluate whether MAFLD patients have an adequate protein intake, with a higher energy 

intake coming from the consumption of high-fat foods. 

Role of the microbiome in immunological and inflammatory alterations in MAFLD  

Intestinal microbiota dysbiosis has a deep impact in the hepatic immune response in 

MAFLD. Though healthy gut microbial phylum ratio is higher in Bacteroides vs. Firmicutes, 

MAFLD and further advanced stages show a disturbance in this ratio towards Firmicutes and 

Proteobacteria phylum, with increasing bacterial abundance and decreasing bacterial 
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diversitylxx. The unbalance of short chain fatty acids (SCFA) production, bile acids pool and 

dysbiotic microbial products induce a potent liver immune response via TLR activation of 

hepatocytes, KCs and HSClxxi. In a multicenter study, MAFLD patients with BMI above 30 

kg/m2 showed a higher number of different antigens in serum and increased toll-like receptor 

(TLR) expression in peripheral mononuclear blood cells (PMBCs) both at RNA and protein 

levelslxxii. Independently of BMI, when bacterial antigen was present in serum, there was a 

significant increase of TNF-α and IL-6.  

Though antigen-specific response of resident hepatic immune cells is essential, mucosal-

associated invariant T (MAIT) cells responding to bacterial riboflavin metabolite are 

emerging potential contributors. They produce IL-17 and IL-22 favoring the intestinal barrier 

in steady state and access the liver to promote regulatory macrophage activation as shown in 

MCD murine modellxxiii. Interestingly, new potential contribution in fueling MAFLD has 

been proposed by described inflammatory hepatic Th17 (ihTh17) in obesitylxxiv. This 

CXCR3+ subset shows increased glycolytic capacity and produces IL-17, IFN-γ and TNF-α, 

driving to NAFLD worsening.    

4- Methods and technologies for the study of MAFLD 

Omics & Exosomes 

Extracellular vesicles (EVs) constitute a novel biological entity that has awaked great interest 

to identify biomarkers, and as active players in the development of liver diseases. Omics 

technologies have been widely applied to characterize the content and function of EVs 

secreted by liver cells in different pathological scenarios including drug-induced liver injury 

(DILI), NAFLD and MSlxxv. Thus, transcriptomics and proteomics of these EVs have 

provided several low invasive candidate biomarkers for cirrhosis in serumlxxvi and urinelxxvii. 

The transcriptomic analysis of EVs and the cells that secrete those EVs made possible the 

identification of a sorting RNA signal that can incorporate the RNAs into the EVs to be 
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exported out of the cellslxxviii. Another important contribution of the omics technologies to the 

hepatic EVs, in this case done by metabolomics has been the demonstration that hepatic EVs 

carry several active enzymes that are able to modify the serum metabolic composition that 

could have important implications for endothelial functioninglxxix. The integration of several 

“omics” technologies combined in different experimental settings including the analysis of 

the cells, the EVs secreted by those cells, and the cells exposed to those EVs allow to dissect 

the EVs-mediated mechanisms underlying the development and progression of liver diseases 

and it provides novel therapeutics targets.  

Application of a wide range of “omics” to MAFLD has provided a huge amount of 

information valuable from a clinical perspective lxxxii. First, “omics” have greatly enhanced 

our knowledge of the pathophysiology and mechanisms of the disease, revealing relevant risk 

factors such as polymorphisms of PNPLA3 or other geneslxxx and potential epigenomiclxxxi 

and metabolomiclxxxii pathways amenable to diagnostic or therapeutic exploitation. Second, 

information from “omics” may help to predict the response to specific therapeutic 

interventionslxxxiii. Finally, “omics” have a great potential for identifying non-invasive 

biomarkers for the diagnosis, staging and monitoring of MAFLD. In this sense, specific 

miRNAs, metabolomic/lipidomic factors, and the combination of different “omics” have 

shown considerable ability to detect and differentiate the stages of disease lxxxii. Despite their 

potential, no “omics”-based tools have demonstrated to be superior to current and more 

simple tools outside of the trials in which they were described, and they are not 

recommended for routine medical practice in the most recent MAFLD European and 

American guidelineslxxxiv, lxxxv. Further insights into the natural history of MAFLD, 

development of specific therapies, better validation studies, and further technological 

improvements may all be needed for “omics” to fully integrate into clinical practice. 

Technological advances in the study of MAFLD 
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Over the past century, novel technological advances have driven discoveries related to both 

hepatocyte organization and function. This includes hepatocyte separation techniques, novel 

immunohistochemistry and microscopy approaches, cell sorting and single cell RNA 

sequencing, among otherslxxxvi. Despite its high prevalence, this disease is still lacking from 

pharmacological therapies to prevent and treat the MAFLD outbreak, therefore, preclinical 

research is crucial to identify and test new therapeutic agents. The absence of models able to 

reflect the unique cellular structure recapitulating the liver microenvironment constitutes a 

significant limiting factor in MAFLD. Thus, novel 3D models have been established from 

different cells sources, including spheroids, derived from different hepatic cell types, and 

hepatic organoids, produced by stem cell differentiation in parenchymal and non-

parenchymal liver cellslxxxvii. Organoids are 3D physiological in vitro structures that 

recapitulate morphological and functional features of in vivo tissues and offer significant 

advantages over traditional cell culture methodslxxxviii. Besides, livers-on-a chip are designed 

to mimic the physiological microenvironment of the hepatic lobule, even reproducing blood 

circulationlxxxix.   More recently, it has been successfully developed a microfluidic NASH-on-

a-chip platform that recapitulates the main NASH histologic endpoints in a single chip and 

that can emerge as a human-relevant, in vitro platform to study disease pathogenesis and 

develop novel anti-NASH drugsxc. Finally, precision cut liver slices from rat or human origin 

retain the structure and cellular composition of the native liver and represent an improved 

system to study liver fibrosis compared to two-dimensional mono- or co-culturesxci.  

Animal models of MAFLD  

Given the epidemic of “Diabesity” (obesity and T2DM) and concomitant meteoric rise in 

MAFLD there is an urgent need in preclinical animal models. The theoretical “ideal” 

MAFLD model should: (i) fully recapitulate the liver phenotype (macrovesicular steatosis, 

inflammation, hepatocellular ballooning and fibrosis) plus features of the associated 
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metabolic syndrome (dyslipidemia, adiposity, insulin resistance), (ii) have the ability to 

further progress to advanced fibrosis, cirrhosis and ultimately HCC, (iii) be stable, reliable 

and reproducible, (iv) have high success rate and low mortality, (v) be simple and feasiblexcii.  

All existing models of MAFLD can be broadly classified into:  

1. Dietary models including: a) Overnutrition-diets with high fat and/or rich in saturated fatty 

acids, fructose and cholesterol (HFD, Western diet, ALIOS)xciii;  b) Deficient diets lacking 

methionine and/or choline (MCD, CDAA). 

2. Genetic models with different genetic alterations leading to hepatic lipid accumulation 

(ob/ob, db/db, PTEN knock-out, DIAMOND mice). 

3. “Hybrid” or intensified models presenting the combination of dietary or genetic factors 

with other hepatotoxins (carbon tetrachloride- CCl4, alcohol, DUAL model, 

streptozotocin)xciv, xcv 

No single animal model has encompassed the whole spectrum of human MAFLD progression 

but could simulate particular characteristics of the disease. Therefore, the appropriate 

selection strongly depends on the specific research questions being addressed xcii.  

The future in animal models 
 

Currently there exists a poor rate of translation from the bench to the bedside. One possible 

explanation could be the failure of preclinical animal models to predict clinical efficacy and 

safety. Thus, it is important to improve the validity of animal models. One problem that 

undermine their use is the species differences between animals (mouse) and humansxcvi. 

Nevertheless, an increased methodological rigor in the way animal research is planned, 

conducted, reported, analyzed and interpreted is important to overcome the quality of 

preclinical studies. Preclinical studies should be conducted, reported and analyzed like 

clinical trials. Recently, it has been developed a tool to validate the clinical translatability of 

animal modelxcvii. This may help to select the most relevant model. Molecular and cellular 
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pathways responsible for MAFLD progression are not well understood. This complicates the 

look for an ideal MAFLD preclinical model. A MAFLD mouse model may ideally exhibit 

weight gain, adipose inflammation, insulin resistance, glucose intolerance and the complete 

pathological spectrum from MAFLD to MASH, including fibrosisxcviii. New technologies and 

research approaches, the coordination with clinicians and the development of animal models’ 

platforms to model their heterogeneity will help us to develop relevant animal models for 

MAFLD. 

5- Conclusions 

MAFLD is the term for a range of conditions caused by a build-up of fat in the liver, and it is 

usually seen in people who are overweight or obese. This disease encompasses a spectrum of 

histological liver changes ranging from simple steatosis to the concomitant presence of 

inflammation and ballooning, which define metabolic-associated steatohepatitis (MASH). 

Diverse pathologic events, occurring in different cell types, contribute to MAFLD 

development and progression, and therefore represent potential targets for therapeutic 

strategies. Future translational research in the field should combine multidisciplinary 

expertise, the use of conventional and new methods, together with proof-of-concept studies 

using human-based advanced models.  
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