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Abstract
Nonalcoholic fatty liver disease (NAFLD) is a chronic liver disorder that is increasing in prevalence with the worldwide epidemic of obesity. NAFLD is the hepatic manifestation of the metabolic syndrome. The term NAFLD describes a spectrum of liver pathology ranges from simple steatosis to steatosis with inflammation nonacoholic steatohepatitis and even cirrhosis. Metabolic syndrome and NAFLD also predict hepatocellular carcinoma. Many genetic and environmental factors have been suggested to contribute to the development of obesity and NAFLD, but the exact mechanisms are not known. Intestinal ecosystem contains trillions of microorganisms including bacteria, Archaea, yeasts and viruses. Several studies support the relationship between the intestinal microbial changes and obesity and also its complications, including insulin resistance and NAFLD. Given that the gut and liver are connected by the portal venous system, it makes the liver more vulnerable to translocation of bacteria, bacterial products, endotoxins or secreted cytokines. Altered intestinal microbiota (dysbiosis) may stimulate hepatic fat deposition through several mechanisms: regulation of gut permeability, increasing low-grade inflammation, modulation of dietary choline metabolism, regulation of bile acid metabolism and producing endogenous ethanol. Regulation of intestinal microbial ecosystem by diet modifications or by using probiotics and prebiotics as a treatment for obesity and its complications might be the issue of further investigations.   
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INTRODUCTİON
Human gut consists of a large number of commensal microorganisms, collectively known as “intestinal microbiota”, which are essential for the preservation of the integrity of the mucosal barrier function, for the absorption of nutrients and energy homeostasis[1]. Recent evidence suggests that enteric microbiota may play a significant role in the development of obesity and its complications[2].  
Nonalcoholic fatty liver disease (NAFLD) describes a condition caused by a deposition of fat within the liver cells in the absence of alcohol consumption, which is linked to being obese or overweight in most cases[3-5]. It encompasses a disease spectrum ranging from simple steatosis to nonalcoholic steatohepatitis (NASH), which is histologically characterized by hepatocyte injury, inflammation and variable degrees of fibrosis. Nonalcoholic steatohepatitis progress to advanced fibrosis and cirrhosis in 37% patients[6]. A “two hit” mechanism has been proposed; however, the complete pathogenesis remains incompletely understood. Fatty liver disease is dramatically increasing in childhood and adolescent obesity, and it has become the most common form of chronic liver disease in these age groups[7,8].   
The liver is located on the first point of the body for bacteria and microbial components, as well as other endogenous and exogenous toxins present in the portal blood and it generates the initial immunological and hormonal response to these molecules[9]. Interactions between the gut and the liver are bidirectional; hormones, inflammatory mediators and the products of digestion and absorption all directly influence liver function. Changes prompted by spesific intestinal microbiota are characterized not only by a general obesogenic and dysmetabolic framework but also by a specific de novo hepatic lipogenesis[10]. This review will discuss the relationship between intestinal microbiota and obesity and also NAFLD, and their proposed mechanisms. 

CHİLDHOOD OBESİTY AND NONALCOHOLİC FATTY LİVER DİSEASE
Childhood obesity is a major health problem in all over the world because of its impact on the physical and psychological health of children, and also on the development of chronic diseases later in life such as atherosclerosis, NAFLD, hypertension, hyperlipidemia and diabetes[3,11-13]. Global prevalance of childhood overweight/obesity varies from 5.7% to 40% in different populations[14-17]. Several case reports, human and animal studies demonstrated that obesity is an important risk factor for carcinogenesis in many malignant neoplasms and also in hepatocellular carcinoma[18-21]. Moreover, childhood obesity was shown to be related with increased risk of primary liver cancer in later adulthood[22]. Obesity and related complications including fatty liver disease, cardiovascular disorders and hepatocellular carcinoma were found associated with the reduction in the life expentancy compared to general population[23]. Several genes contribute to weight gain by controlling feeding behavior, energy expenditure and metabolism, but can only partially account for the development of obesity. Thirty two loci of the human genome had been found associated with body mass index and increased body weight, but changes of these genes affect only 2% of the population[24]. On the other hand, exogenous obesity develops primarly due to energy intake that exceeds energy expenditure, and many environmental and host factors interact with this process in many ways. 
Adipose tissue is not a passive site of energy storage. Although the major function of the adipocyte is to store and release energy in the form of triglyceride during excess food consumption and starved periods, respectively, it is also an endocrine organ producing several proteins (adipokines like adiponectin and leptin) and cytokine mediators interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-) with many biological activities[25]. Development and complications of obesity consist of complex mechanisms; in which numerous adipokines, hormones and cytokines take place[26]. Although the liver participates in the systemic inflammation of obesity, the dominant controller organ is the adipose tissue. Adipokines when imbalanced, together orchestrate a proinflammatory and insulin-resistant state that further contributes to the pathogenesis of NAFLD and its progression to NASH[27]. A large body of emerging literature seems to suggest that intestinal microbiota is also involved in the development of obesity and its complications including obesity-related liver disease.  

INTESTİNAL MİCROBİOTA
The human intestine contains a very crowded and heterogeneus microbial system, consisting at least 100 trillion (1014) microbial cells weighing about 1.5 kg and composed of more than 2000 species[28]. Luminal microbial cells contain genes 150 times more than our own host genomes[28]. This complex community contains taxa from bacteria, eukaryotes, viruses, and at least one archaeon, that interact with one another and with the host, involving regulation of local/systemic immunity, metabolic and trophic functions[29].  
Microbial culture studies detect only a small number of the species of intestinal bacteria. Nowadays, composition and the diversity of intestinal microbiota is revealed by culture-independent genetic and metagenomic techniques[30].  Metagenomic analysis and 16S ribosomal RNA gene sequencing have shown that Firmicutes, Bacteriodetes, Actinobacteria, Proteobacteria, Fusobacteria, Spirochaetae and Verrucomicrobia are the predominant bacterial phyla among the intestinal bacteria in adults[31]. Firmicutes and Bacteriodetes constitute about 90% of all intestinal microbial cells. While the dominating phyla are relatively constant between individuals, diversity increases along the taxonomic line with each individual harboring over a hundred unique species.
 Gut microbiota has evolved with humans as a mutualistic partner; however, changes in the composition of the gut microbiota (dysbiosis) have been found to be related with several clinical conditions such as obesity, diabetes, fatty liver disease, atherosclerosis, allergic diseases, gastrointestinal diseases, autoimmune diseases and cancer[30-35] (Figure 1). 

INTESTİNAL MİCROBİOTA AND OBESİTY
There are many animal and human studies investigating the relationship between intestinal microbiota and obesity or body weight changes in the literature. In the study of Ley et al[36], which investigated over five thousands of bacterial gene sequences from the distal intestinal microbiota of genetically obese ob/ob mice, lean ob/+ and wild-type siblings, the investigators found that genetically obese mice had a 50% reduction in abundance of Bacteriodetes and aproportional increase in Firmicutes phyla compared to lean sibling mice although they were fed with the same polysaccharide-rich diet. Since both groups of animals had been fed with the same diet, it was suggested that obesity might affect the diversity of gut microbiota[36]. Similarly, several human studies showed that human obesity is associated with a low abundance of intestinal Bacteroidetes and high abundance of Firmicutes, and with reduced bacterial diversity[37-39]. Obese children was also shown to have different gut microbiota compared to lean peers, and their bacterial composition have been found similar to obese adults[40-45]. Although Bifidobacterium is not a predominating phylum in the gut, it seems to play an important role in host metabolism. Following a high-fat diet, reduced Bifidobacterium was observed, with a secondary increase of inflammatory activity, increased fat mass and insulin resistance in mice[46]. Interestingly, these changes in the gut microbes were shown to be reversed by low-calorie diet and consequent weight loss[34,42,47].  

MECHANİSMS LİNKİNG THE İNTESTİNAL MİCROBİOTA AND OBESİTY 
Western type fat- and energy-rich diet changes intestinal microbiota. On the other hand, altered microbiota also affects the host metabolism and causes inflammation and increased fat deposition of the body. Numerous animal models consistently demonstrated that gut microbiota can modulate host energy homeostasis and adiposity through different mechanisms, for example energy harvest from the diet, lipopolysaccharides (LPSs)-induced chronic inflammation, and modulation of tissue fatty acid composition, host gene expression and gut-derived peptide secretion[48].  

Intestinal microbiota and energy harvest from the diet (caloric salvage)
Mice with gut microbiota were shown to have an increased capability to harvest energy from the gut contents compared with germ-free rats[49]. Metagenomic analyses of the microbiota performed in obese mice and humans revealed an increased capacity for the degradation (fermentation) of carbohydrates[50,51]. This microbial fermentation increases the amount of short-chain fatty acids (SCFAs), such as acetate, propionate, butyrate, and L-lactate. These SCFAs have important roles in the reduction of intestinal pH, in the regulation of energy metabolism, immunity, and adipose tissue expansion and in modulating cancer cell development[52].  Butyrate is used as an energy substrate for colonocytes, acetate is potentially used as a cholesterol or fatty acid precursor and propionate is used as a gluconeogenic substrate in the liver[52-54]. In addition to these functions, SCFAs are also physiological ligands of G-protein coupled receptors GPR43 and 41 (also called free fatty acid receptor 2 and 3, respectively), which are expressed in several cell types (immune cells, endocrine cells, and adipocytes) of host tissues[55,56] (Table 1). Activation of GPR43 by the SCFAs contributes to the inhibition of lipolysis and to adipocyte differentiation, thereby increases the adipose tissue in high-fat-diet-fed mice[57,58]. Monosaccharides produced by microbial fermentation, absorbed and transferred to the liver via portal vein, activate the hepatic carbohydrate response element binding protein (ChREBP) that increases the transcription of several proteins involved in hepatic lipogenesis thus contributing to hepatic fat accumulation[55]. The effect of intestinal microbiota on obtaining energy from the gut contents had also been tested in human studies. Jumpertz et al[59] reported that the amount of stool energy in proportion of ingested calories was positively and negatively correlated with the abundance of phylum Bacteroidetes and phylum Firmicutes in the feces, respectively. Approximately a-150 kcal difference could be achieved with a change of 20% relative increases of Firmicutes and decreases of Bacteroidetes in the stool of lean individuals. Thus, excessive calories taken in the form of SCFAs from microbial fermentation of luminal contents may be a contributing factor in the obese state.

Fiaf (fasting-induced adipocyte factor)
In addition to extract calories from otherwise indigestible dietary polysaccharides, the presence of the intestinal microbiota also stimulates changes in the expression of genes coding for peptides in host tissues, which control energy homeostasis and nutrient availability (Table 1). Backhed et al[60] firstly demonstrated that colonizing germ-free mice with gut microbiota had led to a decrease in the intestinal expression of angiopoietin-like factor IV [ANGPTL4, also called fasting-induced adipose factor (Fiaf)], thereby blunting the inhibition of lipoprotein lipase in the adipose tissue. In the study of Mandrad et al[61] inhibition of lipoprotein lipase blocked the dissociation of fatty acids from triglycerides for uptake into tissues and upregulated fatty acid oxidation and uncoupling proteins, and potentially reduced the amount of fat storage. These results may explain why conventionalized mice are more sensitive than germ-free mice to fat storage when fed with a high-fat diet and supports the role of the gut microbiota in the development of obesity[50,52,62].  

Increased intestinal permeability and inflammation
Obesity, diabetes and insulin resistance are associated with a low grade systemic inflammation[63-65]. Several studies have been conducted on the effect of systemic inflammation on glucose and lipid metabolism, but little is known about its triggers. 
Intestinal microorganisms have highly conserved microbial molecules, called “pathogen- associated molecular patterns” (PAMPs) and endogeneous products called “damage-associated molecular patterns” (DAMPs), which are recognized by pattern recognition receptors. These receptors include membraneus toll-like receptors (TLRs) and intracellular NOD-like receptors (NLRs). TLRs recognise the potential pathogens in the intestinal lumen and induce the immune response. Microbial products such as LPSs, lipopeptides, DNA and RNA have potentially hepatotoxic effects as they are potent inducers of inflammation. Among 13 known TLRs, TLR2, TLR4 and TLR9 have been shown to play a role in the development of NAFLD. Stimulation of TLRs results in the activation of several different intracellular signaling cascades including stres-activated and mitogen activated protein (MAP) kinases, Jun N-terminal kinases, p38 MAP kinase, interferon regulatory factor 3 and nuclear factor kappa B (NF-κB) pathways[9,66]. NF-κB, is an important transcription factor in the cell, translocates to the nucleus and induces the transcription of a variety of inflammatory cytokines and chemokines such as TNF- and IL-1β[67,68].  de la Serre et al[69] showed that rats prone to weight gain exhibited an increase in TLR4 activation associated with ileal inflammation, decreased intestinal alkaline phosphatase activity, a luminal enzyme that detoxifies the bacterial component (LPS), known to cause inflammation, and increased innate immune system activation in the luminal wall when compared to the rats resistant to obesity. In another study, Cani et al demonstrated knockout rats of an immunoprotein (CD14), which was necessary to cause an inflammatory reaction to LPS, were resistant to weight gain[46]. Vijay-Kumar et al[70] showed that TLR5 knockout mice exhibited hyperphagia and developed hallmark features of metabolic syndrome, including hyperlipidemia, hypertension, insulin resistance, and increased visceral fat deposition. These metabolic changes correlated with changes in the composition of the gut microbiota, and transfer of the gut microbiota from TLR5-deficient mice to wild-type germ-free mice conferred many features of metabolic syndrome to the recipients[70]. Lam et al[71] showed that mice fed with high-fat diet had reduced zona occludens-1 mRNA expression (40%) and increased permeability in proximal colon, and increased levels of TNF-α and IL-1 in mesenteric fat compared to mice fed with the control diet. In human studies, low grade endotoxemia (metabolic endotoxemia) was found associated with high-fat meal, obesity, NAFLD and diabetes[72-75]. All these data shows that the inflammatory mileu is the key component of the development of obesity and its complications.

Releasing of gut hormones
Intestinal microbial system regulates entero-endocrine cells and promotes the release of several gut hormones. Peptide YY (PYY) is an enteroendocrine cell-derived hormone normally inhibits gut motility. Samuel et al[76] showed that PYY expression was lower in both Gpr41 -/-  germ-free and conventionalized mice compared to Gpr41 +/+ mice. Reduced PYY expression resulted in increased intestinal transit time and reduced harvest of dietary energy[72-76]. In other studies, dietary fructo-oligo-saccharides increased the abundance of Bifidobacterium in the distal intestine, which led to increased colonic fermentation and glucagon-like peptide 1 (GLP-1) levels, decreased serum orexigenic peptide ghrelin and decreased food intake, fat mass, and hepatic steatosis in rats[77,78]. Based on these results, it can be concluded that dietary inulin-type fructans could play a role in the management of obesity and diabetes through their capacity to promote secretion of endogenous gastrointestinal peptides involved in appetite regulation[77,78].  

INTESTİNAL MİCROBİOTA AND FATTY LİVER DİSEASE
Nonalcoholic fatty liver disease is a multifactorial disease and the underlying mechanisms are incompletely understood. Various genetic, metabolic, inflammatory, nutritional and environmental factors are thought to contribute to its pathogenesis[9]. Nutrition is the most important environmental factor; its role may be more complex than inducing fat acumulation in the liver and may involve interactions with the microbiota[9]. The potential role of the intestinal microbiota on the liver diseases had been known since 1921[79]. Several animal and human studies have investigated possible relationships between the intestinal microbiota and NAFLD[46,60,75,79-85]. Backhed et al[60] firstly showed that microbiota stimulated monosaccharide absorption from the intestinal lumen, promoted de novo fatty acid synthesis and triglyceride production, as confirmed by increased activity of acetyl-CoA carboxylase and fatty acid synthase. The relation between altered microbiota and liver was shown even in pediatric age group studies. Karlsson et al[45] showed that obese/overweight preschool children had an increased amount of the gram-negative family Enterobacteriaceae and had inverse correlation between Bifidobacterium concentration and alanine aminotransferase levels.  

MECHANİSMS LİNKİNG THE İNTESTİNAL MİCROBİOTA AND NAFLD
Studies suggest that intestinal microbiota may stimulate liver steatosis though several mechanisms[86]: (1) ınduction of obesity by harvesting energy from otherwise indigestible dietary polysaccharides (above mentioned); (2) regulation of gut permeability and stimulation of low grade inflammation; (3) modulation of dietary choline metabolism; (4) regulation of bile acid metabolism; and (5) stimulation of endogeneus ethanol production by enteric bacteria.

Small intestinal bacterial overgrowth and increased intestinal permeability
Intestinal epithelial cells separate the intestinal microbial environment from the host immune system. Epithelial cells are linked to each other with tight junctions, which play a central role in maintaining intestinal barrier integrity[87]. In human studies NAFLD has been associated with increased LPS plasma levels, through mechanisms involving increased intestinal permeability, small intestinal bacterial overgrowth (SIBO), tight junction alteration and bacterial translocation[83,84,88-90].  
SIBO is defined as an increase in the number and/or alteration in the composition of bacteria in the proximal gastrointestinal tract. Association of increased intestinal permeability and fatty liver was first demonstrated by Miele et al[84]. They reported that patients with fatty liver disease had increased gut permeability related to SIBO and disrupted tight junctions compared to healthy adults[84]. They also showed that gut permeability and SIBO were correlated with the severity of the liver steatosis. In the study of Gabele et al[91], mice were fed with high-fat diet to stimulate NASH and then exposed to dextran sulphate sodium, an agent that causes intestinal epithelial injury. They showed that combined administration of high-fat diet and dextran sulphate sodium induced fibrosis in the liver[91]. All these data support the hypothesis that altered homeostasis between host and intestinal microbial system at the intestinal epithelial barrier level promotes bacterial translocation from the gut into the portal circulation and induces the liver damage[86,92,93].  

Low grade inflammation and fatty liver
Several studies demonstrated that the altered microbiota caused low-grade inflammation, which had a pivotal role for the development of obesity and its complications including NAFLD. Association of inflammation and fatty liver was firstly demonstrated by Cani et al[46]. They showed that continuous LPS infusion in mice increased the insulin resistance, liver triglyceride content and adipose tissue inflammation. After this study, other animal studies conducted in TLR4 knockout mice confirmed that TLR4 was essential for hepatic steatosis and NASH development[94-96]. Kupffer cells, which express the highest levels of TLR4 in the liver, are the primary cells in liver inflammation that respond to LPSs in order to produce inflammatory cytokines, chemokines and reactive oxygen species (ROS)[97,98]. In genetically obese mice, the administration of LPS induces changes in Kupffer cells function and increases liver parenchymal sensitivity to TNF-[99]. TNF-, which is the most important of LPS-TLR4 induced cytokines in these cells, is recognized as a mediator of hepatotoxicity, inflammation an NASH development in mice[100]. Besides, hepatic stellate cells might also have a substantial role in constituting the inflammatory cascade of the liver consequently associated with metabolic endotoxemia. Indeed, these cells are the major fibrogenic cell type in injured liver were shown to be the target through which TLR4 promoted fibrogenesis via enhancement of transforming growth factor-β (TGF-β) signalling[101-103].  
The “second hit” mechanism of the NAFLD/NASH pathogenesis include enhanced lipid peroxidation and increased generation of ROS[104]. Inflammasomes, major contributors of inflammation, are cytoplasmic multiprotein complexes, which include nucleotide-binding domain (NLRPSs). NLRPSs are sensors of the bacterial PAMPs and DAMPs[105,106]. They manipulate the cleavage of pro-inflammatory cytokines such as pro-IL-1β and pro-IL-18. Most DAMPs induce the production of ROS, which is known to activate NLRP3 inflammasome[107,108]. Henao-Mejia et al[108] reported that inflammasome alterations or IL-18 deficiency cause intestinal microbial changes by enhancing portal influx of TLR4 and TLR9 ligands, which in turn increase hepatic TNF- production in mice. Human studies also demonstrated that endotoxin levels were increased in both adult and pediatric obese patients with fatty liver disease[74,109,110]. Moreover, endotoxin levels were found to be correlated with the severity of the disease[75,111]. All these data support that chronic low-grade inflammation caused by obesogenic microbial ecosystem is a real “hepatotoxin” and has a key role in the pathogenesis of obesity related fatty liver disease.

Altered choline metabolism
Choline is a water-soluble essential nutrient. It is an important phospholipid component of the cell membrane and is the precursor molecule for the neurotransmitter acetylcholine. Choline has important roles in fat metabolism in the liver and a very-low-lipoprotein assembly, and also it promotes lipid transport from the liver[86,112]. Exogenous sources of choline are meat, dairy products, fish, soybeans, nuts and whole grains. Endogenous sources of choline, in the form of phosphatidylcholine, are biliary lipids, exfoliated epithelial cells and intestinal bacteria[113]. Buchman et al[114] showed that choline-deficient nutrition stimulated the liver steatosis. Furthermore, they demonstrated that a 6-weeks choline supplementation reversed this pathology in patients. Gut microbiota secrete enzymes that cleave the dietary choline to its toxic metabolites (dimethylamine and trimethylamine). Liver uptakes these toxic methylamines and converts them to trimethylamine-N-oxide which induce inflammation in the liver[115,116]. Spencer et al[117] showed that the compositions of the gastrointestinal microbial communities changed with dietary choline content and especially Gammaproteobacteria and Erysipelotrichi levels were directly associated with changes liver steatosis in each subject during choline depletion. The role of dietary choline in NAFLD can be explained by the bioavailibility of free choline to for lipoproteins in the liver (especially very- low-density-lipoprotein-VLDL), which allows the export of free fatty acids from this organ[113]. If the gut microbiota converts excessive amounts of dietary choline into trimethylamine, this leads to reduced choline bioavailibility and consequent fatty liver disease[118].  

Altered bile acid metabolism
Bile acids modulate lipid absorption and cholesterol homeostasis. The nuclear bile acid receptor, called farnesoid X receptor (FXR), is strongly expressed at bile acid excretion (liver) and absorption (intestine) regions. Bile acids also act as signaling molecules and activate FXR and the G-protein coupled receptor TGR5. Through activation of downstream signaling pathways of these key receptors, bile acids regulate not only their own synthesis and enterohepatic circulation, but also impact on hepatic lipid, glucose, and energy homeostasis[119]. FXR plays a key role in the control of hepatic de novo lipogenesis, VLDL triglyceride export and plasma triglyceride turnover[120]. TGR5 binds secondary bile acids and promotes glucose homeostasis, by stimulating secretion of GLP-1[121]. Besides, bile acids have a bacteriostatic activity. Gut microbiota can modulate bile acid metabolism. Swann et al[82] showed that gut microbiota can indirectly promote hepatic steatosis and lipid peroxidation through FXR stimulation changes in bile acid secretion. On the other hand, high-fat diet changes the bile acid composition, which influences the conditions for gut microbial environment and causes dysbiosis[122,123].  

Stimulation of endogeneus ethanol production by enteric bacteria
Intestinal microbiota produces a number of potentially hepatotoxic compounds such as ethanol, phenols, ammonia and they are transported to liver by portal system. These toxins stimulate hepatic Kupffer cells for production of nitric oxide and cytokines such as TNF-[9,124]. Acetaldehyde and acetate are two major metabolites of ethanol. Ethanol can increase acetate production via inhibition of the Krebs cycle. Acetate is a substrate for fatty acid synthesis. On the other hand, actaldehyde and its metabolites may lead to the formation of reactive oxygen species. ROS production could be involved in liver injury by contributing to the disruption of intestinal barrier function and to the two hit mechanisms of steatohepatitis[80,86,125]. Ethanol and LPS also stimulate the production of ROS by parenchymal and nonparenchymal liver cells. Gustot et al[124] showed that enteral ethanol exposure induced steatosis and increased liver weight, aminotransferase levels, and TLR1, 2, 4, 6, 7, 8, and 9 liver mRNA expressions in mice. They concluded that ethanol-fed mice exhibited an oxidative stress dependent on upregulation of multiple TLRs in the liver and were sensitive to liver inflammation induced by multiple bacterial products recognized by TLRs[124].  
In a human study, Nair et al[126] demonstrated that obese women with NASH had higher breath ethanol concentrations than healthy controls detected by gas chromatography. Similarly, Zhu et al[127] showed in their pediatric age group study that Proteobacteria, Enterobacteriaceae, and Escherichia (is a well-known ethanol producer bacteria) were the only phylum, family and genus types exhibiting significant difference between the patients with and without NASH microbiomes. Similar blood-ethanol concentrations were observed between healthy subjects and obese non-NASH patients; however, NASH patients exhibited significantly elevated blood ethanol levels[127]. Ethanol contributes to iNOS-mediated intestinal hyperpermeability, and therefore enhances the passage of endotoxins from the intestinal lumen into the portal system[128].  

CONCLUSİON
High energy diets alter intestinal microbiata, induce gut dysfunction, which subsequently result in visceral fat inflammation and systemic metabolic dysregulation. An obesogenic microbiota can alternate liver function by stimulating hepatic triglyceride and by modulating systemic lipid metabolism that indirectly impact the storage of fatty acids in the liver (Figure 2). Several studies suggested that intestinal microbiota might also play an important part in progression of NAFLD to NASH. Modulation of gut microbiota by diet modifications or by using probiotics, prebiotics and synbiotics as a treatment for obesity and fatty liver disease might be the issue of further investigations (Figure 3).  
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Table 1 Some key host proteins and factors those their expressions were changed by intestinal microbial changes and those play role in the development of obesity

	Host protein/factor
	Function

	· Fiaf (fasting-induced adipocyte factor)
	A protein that inhibits lipoprotein lipase activity.

	· ChREBP (carbohydrate response element-binding protein)
	A transcription factor that recognizes monosaccharides in the portal vein and plays a key role in the hepatic carbohydrate metabolism. 

	· SREBP-1 (liver sterol response element-binding protein type-1)
	A transcription factor family that controls the lipid synthesis in the liver and other tissues. 

	· G-protein coupled receptors (GPR43 and GPR41)
	Proteins expressed in enteroendocrine L-cells those recognize luminal short-chain fatty acids (SCFAs) and mediate SCFA-induced GLP-1 release. They also present in adipocytes and promote adipogenesis by increasing lipid accumulation and inhibiting lipolysis and stimulate leptin production in response to SCFAs.

	· Toll like receptors
	Transmembrane molecules those recognize bacterial breakdown products.

	· GLP 1 (Glucagon-like peptide 1)
	A protein produced by intestinal epithelial endocrine L-cells that stimulates insulin secretion, inhibits gastrointestinal motility, regulates appetite and food intake.

	· Peptide YY
	A peptide hormone produced by intestinal epithelial endocrine L-cells that inhibits intestinal motility.

	· Farnesoid X receptor
	A receptor expressed in liver and intestine that regulates bile acid synthesis,
transport and detoxification.




Figure 1 Some gastrointestinal and systemic conditions related with altered intestinal microbiota[31,32,35].
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Figure 2 Effects of gut microbiota on the development of nonalcoholic fatty liver disease and nonalcoholic steatohepatitis through the gut-liver axis. Altered intestinal bacterial composition (dysbiosis) results in degradation of carbohydrates in the intestinal lumen and produces short-chain fatty acids (SCFAs), which are substrates for hepatic lipogenesis and gluconeogenesis. The interaction of SCFAs with G-protein coupled receptors (GPRs) releases the peptide YY (PYY), which modulates gut motility and nutrient absorption. SCFAs stimulate hepatic carbohydrate response element binding protein (ChREBP) and increase lipogenesis. Bacterial translocation to the portal circulation causes interaction of bacterial endotoxins (lipopolysaccharides, LPS) with hepatic toll-like receptors (TLR4 and TLR9) and results in the release of cytokines and chemokines. Decreased Fiaf (fasting-induced adipose factor) levels enhance lipoprotein lipase (LPL) activity and cause fat accumulation. Choline deficiency causes liver steatosis via decreased secretion of very- low-density-lipoprotein-(VLDL) from the liver. 
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Figure 3 Probable mechanisms of action of the antiobesity effects of modulated intestinal microbiota. CLA: Conjugated linoleic acid; Fiaf: Fasting-induced adipocyte factor.
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