
Gut Microbiota in NAFLD Pathogenesis and Possible Dietary-Based
Strategies

The human gastrointestinal lumen is the largest reservoir of microorganisms in the body, representing the physiological habitat for more than 100
trillion microorganisms (bacteria, archaea, fungi, yeast and viruses) . Among them, 85% of total bacteria are commensal microbes that live in
synergy with the host, providing biological and metabolic functions. The majority of bacteria belongs to the phyla Firmicutes (Gram positive) and to
Bacterioidetes (Gram negative), mainly involved in the short-chain fatty acids (SCFAs), i.e., acetate, butyrate and propionate and hydrogen
production, respectively . Although the crucial role of intestinal flora remains under definition, growing evidence demonstrates that microbial
species are directly implicated in the processing and digestion of complex and indigestible polysaccharides to SCFAs, guaranteeing the energy
supply to the host and the intestinal barrier preservation. Indeed, in physiological conditions, gut microbiota intervenes in the formation of these
end-products from plant polysaccharides catabolism, which are then absorbed and delivered to the liver, where they are assembled in more
structured lipids .
All abnormalities in intestinal flora taxonomic composition and/or function are usually referred to as ‘dysbiosis,’ a condition that has been largely
explored in rodents and in NAFLD patients . The dietary habits along with the caloric intake may strikingly contribute to the inter-individual
variability of the intestinal bacterial strains. Indeed, a diet composition unbalanced in animal fat and sugars may more strongly increase the
personal susceptibility to pathogenic bacteria over-growth, exerting a detrimental effect on the immunological tolerance of mucosal cells, as shown
in a large number of preclinical  and clinical studies . In particular, Western diet and HFD have been related to the increased amount of pro-
inflammatory bacterial species, altering gut barrier integrity, intestinal pH and lipopolysaccharide (LPS) transition into the blood flow (endotoxemia)

. Indeed, the intestinal barrier is constituted by tight and adherent junctions and desmosomes which hold together the epithelial cells and regulate
the bidirectional flux between the gut and the liver. Specifically, intestinal barrier protects the host from pathogen invasions and impedes microbial
systemic translocation . Therefore, the erosion of the protective mucus layer, the reduction of antimicrobial mediators and microbial dysbiosis
have been correlated with viable pathogenic bacteria, Gram-negative microbial products and pro-inflammatory luminal metabolites translocation
into the blood circulation, contributing to liver damage . The increased concentration of circulating LPS leads to the activation of Toll-like
receptor 4 (TLR4)/nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) signaling, which drives, in turn, pro-inflammatory
cytokines release, reactive oxygen species (ROS) production and oxidative stress. This event cascade may trigger the activation of resident
macrophages, the Kupffer cells (KCs) and Hepatic stellate cells (HSCs), further corroborating inflammation and fibrosis into the liver .
Moreover, several endogenous molecules, such as ethanol, ammonia and acetaldehyde, whose circulating increased levels result from dysbiotic
microbiota (i.e., Escherichia coli abundance), are able to stimulate hepatic KCs to produce pro-inflammatory cytokines with similar mechanisms
occurring in alcohol-induced liver damage .
An impairment in gut barrier function and a decrease in SCFA-producing agents have also been observed after a chronic fructose consumption,
which foster macrophage activation in the liver through TLRs and Myeloid differentiation factor 88 (Myd88)-dependent pro-inflammatory pathways
in mice . Similarly, acute and chronic high fructose administration exacerbated endotoxemia in pediatric NAFLD patients and correlated with liver
inflammation .
Dietary modifications can rapidly normalize intestinal microbiota, thus representing a simple and effective approach to restore eubiosis. Indeed, the
diet is enabled to profoundly reshape the microbiota composition within a few hours. People consuming a Western diet and subjects with high-fiber
dietary habits display a tremendous difference in microflora taxonomic composition, as shown in an elegant study in which American volunteers
were randomized to receive an animal-based diet (meats, eggs and cheese) or a plant-based diet (cereals, legumes, fruits and vegetables). In
individuals under animal-based regimen, an increase in bile-tolerant species such as Alistipes, Bilophila and Bacteroides and a reduction of
Roseburia, Eubacterium rectale and Ruminococcus bromii, which metabolizes dietary plant polysaccharides, was observed . In this context,
a diet supplemented in fibers may favor enormous benefits for health as a consequence of their intestinal fermentation into SCFAs, mediated by
colonic bacteria. Indeed, fecal samples of vegan and vegetarian individuals showed a significant decrease in Bidifobacterium and Bacteroides
species, as well as Africans fed a high-carbohydrate vegetarian diet compared to English subjects assuming a mixed Western diet .
Nonetheless, a diet enriched in fibers and carbohydrates lowered fecal pH, mainly due to the products of gut fermentative metabolism and the
hampered growth of pathogens along with Escherichia coli and Enterobacteriacee .
Finally, natural extracts, such as polyphenols provided by coffee, green tea and chocolate, have been demonstrated to induce beneficial effects by
directly interacting with gut microbial communities. In C57Bl/6 mice fed HFD, grape polyphenols administration improved insulin sensitivity,
attenuated inflammation and ameliorated intestinal barrier integrity. Overall, diets enriched in phenols have been associated with improved MetS
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Nonalcoholic fatty liver disease (NAFLD) is considered as a global healthcare burden since it is epidemiologically related to obesity, type 2 diabetes (T2D)

and Metabolic Syndrome (MetS). It entails a broad spectrum of hepatic injuries, which includes simple and uncomplicated steatosis, nonalcoholic

steatohepatitis (NASH), fibrosis, cirrhosis and hepatocellular carcinoma (HCC). The susceptibility to develop NAFLD is highly variable and it is influenced

by several cues including environmental (i.e., dietary habits and physical activity) and inherited (i.e., genetic/epigenetic) risk factors. Emerging evidence

has outlined the implication of intestinal microbiota and its harmful by-products as actively contributors to NAFLD pathophysiology, probably due to the

tight anatomo-functional crosstalk between the gut and the liver. Unhealthy dietary habits may trigger qualitative and quantitative modifications in intestinal

flora taxonomic composition, mucosal inflammation, and intestinal barrier derangement. An enhanced intestinal permeability, also referred to ‘leaky gut’,

results in the translocation of viable pathogenic bacteria, Gram-negative products, and pro-inflammatory luminal metabolites into the bloodstream, further

corroborating the liver damage. Furthermore, long-term dysbiosis may exert detrimental effect on hepatic epigenome. Indeed, epigenetic modifiers (DNA

methylation, histone modifications and miRNAs regulation) are highly sensitive to environmental cues. Nowadays, no therapeutic interventions are available

for NAFLD prevention and management, thus modifications in lifestyle, diet and physical exercise remain the cornerstone in therapeutic approaches to

NAFLD, even in the light of their impact on intestinal microflora.
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features and immune tolerance, and with the restoration of intestinal barrier function, by promoting eubiosis.

Changes in Gut Microbiota Species Alters the Hepatic Epigenetic Landscape: A Tipping Point

It is a common knowledge that nutrition strongly influences microbiome composition, but it is less known that there is a long-term and persistent
impact of intestinal bacteria changes on hepatic epigenome, a mechanism termed the “priming effect.” Recently, Kim et al. reported that mice
feeding either HFD or a high-fructose diet (HFrD) increased serum cholesterol, developed hepatic steatosis and showed an enrichment in the
Odoribacter, which produces butyrate. When both HFD and HFrD groups were exposed to normal chow (NC), mice rescued only certain
pathological features, such as lower body weight, improved glucose tolerance and reduced fat accumulation in the liver. Interestingly, Odoribacter
remained enriched after NC and high levels of butyrate were correlated to persistent changes in liver DNA methylation, probably due to butyrate
ability to act as CpG islands modifier, thus, suggesting a possible link between microbial by-products and nutriepigenomics .
Kimberly et al. had demonstrated that the composition of gut microbiota altered global histone acetylation and methylation in host tissues in a diet-
dependent manner. Mice fed a high-fat/high-sucrose (HF/HS) diet, which contains low levels of fermentable complex polysaccharides, showed loss
of cecal SCFAs production (acetate, propionate and butyrate) compared to NC mice . The reduction of SCFAs correlated to profound post-
translational modification of hepatic histones, such as lower methylation of H3 histones in specific aminoacidic position (H3K27me1 and
H3K36me2) . The impact of unhealthy dietary habits on NAFLD and their interaction with inherited and acquired risk factors is schematically
represented in Figure 1.

Figure 1. Nutrition, genetic and epigenetic crosstalk in nonalcoholic fatty liver disease (NAFLD).
 
Bioactive compounds contained in food actively contribute to physical welfare and could provide benefits as preventive and healing molecules for
metabolic disorders, such as obesity, T2D and NAFLD. Conversely, unhealthy dietary habits could affect metabolic homeostasis acting at multiple
levels. Chronic exposure to high fat/carbohydrate diets could increase intestinal barrier permeability, favor dysbiosis and raise the amount of
circulating bacterial endotoxins, thus, unbalancing gut-liver axis bidirectional flux of metabolites. Interestingly, several micro/macro-nutrients may
specifically enrich certain bacterial species, such as Odoribacter, which are involved in changes of the hepatic epigenetic landscape. In the liver,
the presence of genetic variants predisposing to NAFLD development and progression (I148M PNPLA3, E167K TM6SF2, the rs641738 in MBOAT7
gene, the P446L GCKR and others) may alter the effectiveness of beneficial nutrients or accelerate the effects of unhealthy by-products derived
from junk food. Similarly, epigenetic modifiers (DNA methylation, histone modifications and miRNAs regulation) could be highly nutrient-sensing, as
they respond to environmental cues and could establish long-lasting effects from the gestational and post-natal period onward. The high complex
network made by the combination of the environment, genes and epigenetics may cause aberrant downstream responses to nutrients, determining
NAFLD onset and progression.
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