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Abstract

Hepatocellular carcinoma (HCC) is increasing in prevalence and is one of the most common cancers in the world. Chief amongst the risks of attaining HCC are hepatitis B and C infection, aflatoxin B1 ingestion, alcoholism and obesity. The later has been shown to promote non alcoholic fatty liver disease, which can lead to the inflammatory form non alcoholic steatohepatitis (NASH). NASH is a complex metabolic disorder that can impact greatly on hepatic function. The mechanisms by which NASH promotes HCC are only beginning to be characterized. Here in this review, we give an overview of the recent novel mechanisms published that have been associated with NASH and subsequent HCC progression. We will focus our discussion on inflammation and gut derived inflammation and how they contribute to NASH driven HCC. 
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Core tip: non alcoholic steatohepatitis (NASH) is a metabolic inflammatory disease the can often advance to liver cancer. Previously, it was assumed that obesity, hepatocyte cellular death and insulin resistance were the dominant drivers of NASH progression to hepatocellular carcinoma. Herein, we discuss the latest concepts concerning the gut microbiome and bile acids, which have now been shown to have a role in promoting hepatic inflammation, and subsequent liver tumor growth. 
INTRODUCTION

Hepatocellular carcinoma (HCC) is now the fifth cancer of greatest incidence worldwide. Hepatitis B and C leading to cirrhosis are the dominant risk factors and the most common causes of HCC[1]. But in recent years studies have found that non-alcoholic steatohepatitis (NASH) can promote liver fibrosis, end-stage liver failure, cirrhosis, and ultimately progression to HCC. NASH is a clinical and pathological syndrome that is not associated with increased alcoholic intake, but has histological features similar to alcoholic hepatitis, with prominent fatty deposition and fat storage in the liver parenchymal cells, that can promote inflammation and necrosis[2,3]. Day et al[4] proposed an initial theory for the pathogenesis of NASH, known as the “two-hit hypothesis”. Here it was suggested that the “first hit” of hepatic triglyceride accumulation or steatosis, increased the vulnerability of the liver to the “second hit” of injury due changes in inflammatory cytokines and/or adipokines, mitochrondrial dysfunction and elevated oxidative stress, that can together promote steatohepatitis and fibrosis. However, data from many sources has now attributed other “hits” that include insulin resistance and the metabolic syndrome. These include changes in serum cytokines, which have been extensively reviewed elsewhere[5-10], and more recently and of relevance to this review, inflammation, altered gut microflora and bile acids that can contribute to the generation of NASH and HCC. 

NASH: a complex biological entity
Numerous clinical studies have shown strong links between NASH and consequent cirrhosis, which naturally increases the risk of progression to HCC[11-13]. Studies have also shown that HCC is now a major cause of mortality in NASH patients[14]. Importantly, work has illustrated in comparison to diabetes and hepatitis C virus that non alcoholic fatty liver disease (NAFLD)/NASH is a growing underlying etiological risk for HCC[15]. Significantly, research has shown that HCC is now occurring more frequently from non-cirrhotic NASH[16,17] (and reviewed in[18]). Taken together, these data suggest that NASH in the presence of cirrhosis or non-cirrhosis, can promote HCC through diverse pathways. However, an underlying theme that is now emerging from the literature is the role of inflammation in cancer and in particular HCC. Moreover, these pathways have activity in the presence or absence of cirrhosis and we believe that unbridled inflammation is one of the principle factors that can drive the progression from NASH to HCC, and enhance HCC growth. The targeting of these pathways offers a potential avenue of therapeutically restricting HCC growth. Thus, in this review we will focus on clarifying some of the principal and novel inflammatory mechanisms that have been recently described for promoting HCC in the presence of NASH. 

FACTORS LINKING INFLAMMATION TO NASH AND HCC PROGRESSION

Cytokines 

Cytokines represent a family of small bioactive proteins and peptides that have signaling qualities in mediating intercellular communication signals, cellular interactions, growth and differentiation in cells. Therefore, in disease states when imbalances in cytokine levels occur they have important effects in promoting aberrant signaling, and in particular modulating inflammatory responses[19-21]. Studies have shown that cytokines such as tumor necrosis factor (TNF)-, leptin, adiponectin and interleukin-6 (IL-6) occupy important roles in hepatic pathology. Thus, we will now examine their relationship and role in progression from NASH to HCC. 

TNF-
Studies have shown that TNF- has an important role in liver cancer progression and growth[22]. The binding of TNF- to TNFR1 receptor activates the transcriptional regulator nuclear factor kappa-light-chain-enhancer of activated B cells (NF-B)[23]. NF-B consists of five different family members: RelA (p65), RelB, c-Rel, p50/p105, and p100/p52 that are localized to the cytoplasm by inhibitors of B (IB)[24]. In response to proinflammatory stimuli, the IB kinase complex of IKK and IKK subunits and the regulatory protein, NF-B essential modulator (NEMO) or inhibitor of NF-B kinase subunit gamma (IKK), phosphorylates IB, leading to its degradation and the subsequent movement of NF-B into the cell nucleus[25]. Genetic removal of components of this pathway, have illustrated the importance of NF-B in liver inflammation and HCC. 

In mice, the ablation of IKK from hepatocytes to foster NF-B inactivation, and subsequent treatment with the mutagen diethylnitrosamine (DEN), resulted in a greater incidence of HCC[26]. To explain this phenotype it was found that on exposure to excess TNF-, prolonged c-Jun N-terminal kinase (JNK) activation was stimulated, and resulted in increased hepatocyte apoptosis with compensatory hepatocyte proliferation. These events facilitated the accumulation of genetic errors to enhance HCC growth. Accordingly, increased JNK activity can also promote insulin resistance as JNK-/- mice have improved insulin sensitivity and less hepatic inflammation and fibrosis[27,28]. Alternatively, the removal of IKK from hepatocytes and Kupffer cells reduced the number and size of HCCs, after DEN treatment[26]. Mechanistically, it was found that the proliferation of hepatocytes after exposure to DEN, were dependent on the IKK induced production of the hepatic mitogens TNF-, IL-6 and HGF from Kupffer cells.

Further studies showed that the deletion of NEMO from hepatocytes, which modulates the phosphorylation and degradation of IBs in the TNF- pathway, spontaneously promoted HCC development. It was found that NEMO absence completely blocked NF-B activation and sensitized the NEMO-null hepatocytes to lipopolysaccharide (LPS) treatment, suggesting the involvement of the innate immune response and microbiome in HCC development[29].

To convey the importance of obesity in driving steatosis and inflammation, it has been shown that TNF- and IL-6 are important in obesity driven HCC. Here liver cancer was promoted by DEN treatment of IL-6 or TNFR1 null mice and subsequent high-fat feeding. It was observed that compared to wild-type controls that IL-6 or TNFR1 null mice had significantly reduced steatosis, HCC number and size[30]. Collectively, these studies show the key role of the TNF- pathway in hepatic inflammation, and suggest that imbalances in this pathway are important in the transition from NASH to HCC. 
IL-6

IL-6 has been shown to have defined and important roles in HCC pathology. IL-6 is largely secreted by inflammatory cells and can bind to IL-6 receptors on hepatocytes and liver non-parenchymal cells to promote the binding of the signal-transducing receptor gp130 to the IL-6R complex, to activate Janus Kinase1 (JAK1). Subsequent activation and phosphorylation of the transcription factor signal transducer and activator of transcription-3 (STAT3) factor, promotes a transcriptional program to prevent apoptosis and initiate cell growth and differentiation. Studies have shown that phosphorylated STAT3 is expressed in up to 60% of human HCCs[31], and that increased IL-6 protein levels is associated with NASH as compared to steatosis in patients[32]. Moreover, IL-6 has been shown to be upregulated in two established models murine models of NAFLD[33], and mice overexpressing IL-6 and soluble IL-6R, have more extensive liver cancer than wild-type mice[34]. In agreement with the concept that IL-6 is a promoter of HCC, it has been shown that male IL-6 deficient mice generate less HCC than wild-type males after DEN treatment[35]. Finally, it has been demonstrated that IL-6 serum levels are increased in the majority of hepatic acute and chronic events[36]. Thus, these data suggest that IL-6 is associated with NASH and is a promoter of HCC formation and growth.

Leptin 

Leptin (Ob) is a multifunctional adipocytokine secreted by fat cells and has a variety of biological effects mediated by its binding to a specific leptin receptor (ObR). It plays an important role in hepatic stellate cell (HSC) activation and hepatic fibrosis. It was found that the inhibition of endogenous leptin activity can retard HSC function and have powerful anti-fibrotic effects[37]. Moreover, leptin can stimulate tissue inhibitor of metalloproteinase 1 (TIMP-1) production via the JAK/STAT pathway to promote fibrogenesis[38,39]. The injection of leptin into carbon tetrachloride-treated mice increased the synthesis and secretion of pro-fibrotic genes in the liver including procollagen and TGF1. Leclercq et al[40] utilised leptin-deficient mice and found that the injection of leptin increased TGF-1 levels and completely restored fibrosis. These data suggest that leptin plays an important role in liver fibrosis. 

The relationship of leptin with NASH is less well determined. In patients Chittur et al[41] found that serum leptin levels were higher in NASH patients than in the normal group. Studies from another group, failed to find an association between leptin and NASH[42]. Leptin can regulate liver cancer development by promoting tumor cell proliferation and angiogenesis. Leptin acts on endothelial cells to promote tube formation and migration, while limiting leptin impairs angiogenesis[43]. In the presence of vascular endothelial growth factor, leptin-mediated neovascularization in the liver increased in line with NASH progression, indicating a pro-angiogenic role[44]. In HCC patients both leptin and ObR are expressed at higher levels in livers. Interestingly, poorly differentiated HCCs have greater blood vessel density and ObR expression, again suggesting an angiogenic role[45]. Furthermore, leptin has been shown to promote HCC proliferation, migration, and invasiveness through activation of the JAK/STAT pathway[46]. Taken together, these observations suggest that elevated serum leptin levels through increased adipose tissue mass, may promote progression by enhancing hepatic fibrogenesis, angiogenesis, and cancer cell division and behavior. Thus, it is plausible that increased leptin levels could promote progression from NASH to HCC. However, as studies in humans have not revealed a clear correlation it is possible that leptin is associated only with a subset of HCCs that originate in the background of NASH. 

Adiponectin 

Adiponectin is an anti-inflammatory cytokine produced by the adipose tissue. It has roles in regulating glucose and fatty acid metabolism, with decreased plasma concentrations correlating to increased BMI, insulin resistance, type 2 diabetes and atherosclerosis. Adiponectin circulates in the serum in different molecular forms: a low molecular weight trimer, a middle molecular weight hexamer, and high molecular weight multimers, that is considered to be the most biologically active. There are three known APN receptors: AdipoR1, AdipoR2 and T-cadherin that have distinct affinities for the various circulating forms of APN[47]. 

Given the different adiponectin forms and receptors, adiponectin has a plethora of activities. In the liver adiponectin activates AMPK to reduce hepatic gluconeogenesis, stimulate fatty acid oxidation, and limit hepatic de novo lipogenesis through inhibition of sterol-regulatory element binding protein-1c (SREBP-1c), a dominant regulator of triglyceride and fatty acid synthesis[48,49]. Adiponectin can also activate peroxisome proliferator-activated receptor  (PPAR) to promote fatty acid oxidation. Importantly, in the context of liver diseases adiponectin can limit inflammation by inhibiting the NF-B activation to suppress TNF- release[50,51]. Adiponectin can also further suppress macrophage function and the proliferation and migration of vascular smooth muscle cells[52].

In NASH, hypoadiponectinemia is an early feature, and it has been shown that low serum adiponectin levels are associated with increased hepatic steatosis and with necroinflammation[53]. Likewise, adiponectin null mice have more steatosis and fibrosis after high fat feeding, and develop more fibrosis on carbon tetrachloride treatment[54-56]. Moreover, adiponectin has strong hepatoprotective properties and can diminish steatosis and hepatic damage, in endotoxin and alcohol injury models by limiting hepatic production of TNF-[57,58].

Nevertheless, studies have showed that in cirrhotic and HCC patients that impaired hepatic function is associated with increases in serum adiponectin levels[59-61]. It has been recently shown that in advanced NASH there is a significant correlation between increased serum bile acids, circulating adiponectin and reduced liver fat[62]. It is probable that similar mechanisms are operating in HCC patients. It remains open whether adiponectin can influence HCC once developed. In HCC cell lines adiponectin increased JNK activation and subsequent apoptosis in tumors, and promoted increased AMPK phosphorylation and the inhibition of the mammalian target of rapamycin (mTOR) phosphorylation to limit tumor growth in nude mice[63]. In a separate study, it was shown that adiponectin treatment decreased HCC tumor growth and macrophage infiltration, and secondary lung metastasis[64]. In summary, these data suggest that lower adiponectin levels associated with obesity are a driver of NASH and HCC formation.

Emerging inflammatory pathways for promoting NASH HCC development

The above illustrate that NASH driven HCC is associated with a robust inflammatory response. For some time the standard model assumed that the increased adipose mass associated with insulin resistance enhanced liver injury. Additionally, evidence also suggested that the accumulation of hepatic cellular fat could promote the release of reactive oxygen species to interfere with cellular functions such as cellular respiration to cause the release of toxic lipids species, to result in hepatocyte dysfunction and apoptosis (as reviewed by us[65]). However, recent studies now include another layer of factors that are responsible for contributing and perhaps enhancing the effect of inflammation and damage to the liver. Specifically, research has found that diet affects the constitution of the gut bacteria (microbiome) to subsequently influence inflammation. Furthermore, it has been demonstrated that the microbiome can modulate bile acids levels, which are now known to have both systemic and hepatic specific signaling. Together, these findings suggest a novel pathogenic pathway between the gut and liver driven by dietary changes that has the potential to generate hepatic inflammation and ultimately influence HCC. 

microbiome and NASH

Studies have linked NASH with dysbiosis of the gut. In NASH patients Wigg et al[66] observed small intestinal bacterial overgrowth and increased TNF- levels. Similarly, in another study NASH patients had greater bacterial overgrowth, elevated expression of Toll-like receptor (TLR) 4 and increased levels of serum IL-8[67]. Commensurate with these changes qPCR for the major gut bacteria species has shown that NASH patients have less gut Gram-negative Bacteroidetes, than that observed in patients with simple steatosis[68]. Likewise, in NASH patients an increase in the abundance of alcohol producing bacteria has been observed, suggesting that these strains may be involved in NASH pathogenesis[69]. 

In view of these findings, interventional studies have been undertaken in rodents and patients. Treatment of mice fed the methionine-choline-deficient diet with the probiotic VSL#3 reduced liver fibrosis but had no effect on inflammation and steatosis[70]. However, in a genetic model, treatment of ApoE knock-out mice with VSL#3 had a more pronounced effect and reversed insulin resistance and steatohepatitis[71]. In choline-deficient/L-amino acid define (CDAA) fed rats a butyrate-producing probiotic reduced hepatic lipid deposition and significantly improved insulin resistance, serum endotoxin levels, and hepatic inflammatory indexes[72]. In patients there has been limited studies undertaken. A small Chinese study of 20 NASH patients has shown that probiotics can reduce liver fat and AST levels[73]. Similarly, in an Italian study of 66 NASH patients, the 33 that received probiotics had reduced TNF-, C-reactive protein, AST, HOMO-IR, serum endotoxin levels, steatosis and NASH activity[74]. Together, these data suggest a role for the microbiome in mediating NASH and that the correction of gut dysbiosis to a more healthy phenotype can possibly be used as a therapy to limit NASH progression.

How does the microbiota induce hepatic inflammation and metabolism?

Numerous studies over the past decade have shed light on the role of the microbiota in modulating hepatic metabolism and inflammation. A focus point has been lipopolysaccharide (LPS), a large molecule present on and released by gram negative bacteria. LPS binds to the cluster of differentiation 14/TLR2/lymphocyte antigen 96 (CD14/TLR4/MD2) receptor complex on immune cells, which represents part of the innate immune system to promote a pro-inflammatory immune response. It has been shown that the consumption of a high fat diet can loosen the intestinal tight junctions, leading to the increased delivery of bacterial products like LPS via the portal vein to the liver. Moreover, as constituents of this signaling cascade have links with regulating metabolism, data has shown that LPS can also regulate insulin resistance. For example, obese ob/ob mice have intestinal overgrowth, increased intestinal permeability, more TNF-, hepatic stellate cell activation and an enhanced LPS inflammatory response[75]. The treatment of ob/ob mice or HFD mice with antibiotics to alter the gut microbiota reduced glucose intolerance, body weight gain, fat mass development, lowered inflammation and oxidative stress. Moreover, the authors showed that the absence of CD14 in ob/ob CD14-/- mutant mice mimicked the metabolic and inflammatory effects of antibiotics, suggesting a key role for LPS[76]. In a separate study, leptin whose levels are induced by obesity has been shown to upregulate CD14, to promote hyper responsiveness to LPS and enhance progression to NASH[77]. These studies show a critical role for the TLR4 signaling complex in promoting inflammation and NASH. 

Another arm of the innate immune system are the inflammasomes, which are a signaling complex consisting of caspase 1, apoptosis-associated speck-like protein containing (ASC) and nucleotide-binding oligomerization domain receptors (NOD-like receptors: NLRs). The complex can be stimulated by TLRs via LPS, but can also be activated by other bacterial ligands, depending on the NLR family member. A principle downstream action of the complex is to activate the caspase-1 cascade, leading to the production of pro-inflammatory cytokines IL-1 and IL-18. In an elegant study by Henao-Mejia et al[78], they showed that inflammasome-deficient mice (Casp1-/-, Asc-/-, Nlrp3-/- or IL-18-/-), fed a methionine and choline-deficient (MCD) diet had increased severity of NASH and decreased glucose tolerance. Critically, the authors showed that co-habitation of these mice with wild-type could result in the transfer of the NASH phenotype to the wild-type animals. Furthermore, they showed that the microbiota from these animals mediated the inflammatory response through TLR4, TLR9 and TNF-. These data show that inflammatory cross-talk between the gut and liver has an important role in protecting the organism against metabolic disease, and that changes in the microbiome or that alternatively the decreased responsiveness of the innate immune system can lead to metabolic diseases such as diabetes and NASH. 

Evidence of microbiota links to NASH driven HCC

The above evidence suggests that the microbiota can promote NASH a risk factor for HCC development. To test if the microbiota can influence HCC promotion, the group of Schwabe in a refined study, initiated tumorigenesis with DEN and followed with subsequent carbon tetrachloride treatment to promote fibrosis driven HCC[79]. They used this experimental protocol on TLR4 null mice and found that TLR4 absence limited HCC growth. Antibiotic treatment of wild-type mice subjected to the DEN/CCl4 treatment reduced tumor growth, suggesting that the microbiota and LPS through TLR4 promoted HCC. Further, the authors identified that the mitogen epiregulin, a ligand for the epidermal growth factor receptor (EGFR), was expressed by activated stellate cells, suggesting a mechanism by which activated HSCs could drive tumor cell proliferation. Moreover, they observed that the microbiota and TLR4 supported the expression of survival signals to promote tumor growth.

The gut microbiota apart from stimulating an immune response has other important functions. Specifically, they catalyse the generation of secondary bile acids such as deoxycholic acid (DCA), which is known to induce DNA damage[80]. Further to this concept, Yoshimoto et al[81] found that DCA can promote the activation of a senescence-associated secretory phenotype in HSCs, reflected by the secretion of IL-1. They observed that the absence of IL-1 limited obesity-induced HCC development and similarly that antibiotic treatment could alleviate HCC development. Furthermore, the lowering of DCA or feeding of DCA to HFD-fed mice, respectfully limited or enhanced HCC growth. These data suggest in sum that bacterial metabolites can instigate hepatic inflammation either directly or indirectly via the generation of metabolites such as DCA that can enhance HCC growth and progression. These observations suggest a potential role for bile acids in NASH HCC progression.

Bile acids and NASH HCC

Primary bile acids are derived from cholesterol, the most abundant being chenodeoxycholic acid (CDCA) and cholic acid (CA). They are secreted into the intestine where modification by intestinal bacteria leads, as explained above, to the generation of the secondary bile acids, such as DCA and lithocholic acid (LCA). To maintain bile acids at physiological levels they are efficiently reabsorbed in the ileum and transported by the enterohepatic circulation back to the liver. For many years it was considered that bile acids were mere detergents, important for absorbing, transporting, and distributing dietary lipids, vitamins and steroids. However, it is now appreciated that they represent a distinct class of hormones that bind to highly specific receptors, the best described being the nuclear hormone receptor farnesoid X receptor (FXR) and the G-protein-coupled cell surface receptor TGR5. 

FXR regulates bile acid synthesis by inhibiting the transcription of cholesterol 7-hydroxylase (CYP7A1), the rate-limiting enzyme in the conversion of cholesterol to bile acids. FXR can also repress the SREBP-1c transcription to reduce triglyceride synthesis, and promote the -oxidation of fatty acids through augmented PPAR signalling[82]. In agreement FXR null mice have elevated serum triglycerides and cholesterol and are prone to develop steatohepatitis[83]. Moreover, FXR agonists can antagonize NF-B activity and limit hepatic inflammation in vivo[84]. In this light, studies have illustrated the potential of FXR agonists to treat NASH. In the mouse MCD model, treatment with WAY-362450, reduced liver injury and inflammation[85]. In a recent phase Ⅱ clinical trial a study was undertaken to evaluate the effects of Obeticholic acid (OCA; INT-747, 6-ethyl-chenodeoxycholic acid) on insulin sensitivity in patients with nonalcoholic fatty liver disease and type 2 diabetes mellitus. It was found that within 6 wk OCA increased insulin sensitivity and reduced the markers of liver inflammation treatment and fibrosis[86]. Given FXR’s important role in liver function, it has also been shown that FXR null mice can spontaneously develop liver tumors as they age, and treatment with CA further potentiated DEN-initiated liver cancer. Mechanistically, it was found that the null mice have increased levels of the proinflammatory cytokine IL-1, activation of the Wnt/-catenin pathway activation, and target gene c-myc[87,88].
TGR5 is expressed in the gall bladder, cholangiocytes, ileum, colon, brown and white adipose tissue and to a lesser extent in skeletal muscle, liver and immune cells[89]. TGR5 activation in muscle and brown adipose increases the intracellular secondary messenger cyclic adenosine monophosphate (cAMP), which in turn increases transcription of the Type Ⅱ iodothyronine deiodinase gene (Dio2) and the prerequisite protein Type Ⅱ iodothyronine deiodinase (D2), which converts thyroxine (T4) to triiodothyronine (T3). The net effect is augmented energy and oxygen consumption. TGR5 promotes hormone secretion in the gut, of intestinal glucagon-like peptide-1 (GLP-1), which in turn stimulates insulin release. The concept that TGR5 is involved in energy modulation, is supported by TRG5 null mice which accumulate fat faster than wild-type. Moreover, treatment of wild-type mice with the TGR5 specific agonist INT-777 increases brown adipose tissue D2 and energy metabolism, and improves obesity and steatosis[90]. In the liver, TGR5 is expressed in Kupffer cells, sinusoidal endothelial cells and cholangiocytes. In keeping with this expression pattern, TGR5 inhibits liver inflammation by suppressing NF-B in macrophages and is protective, as TGR5 null mice have more liver damage after bile-duct ligation[91-93]. In sum, these observations show that TGR5 has been shown to repress hepatic inflammation, but as yet no definitive study has linked it with HCC progression in vivo. In sum, these data illustrate that elevated bile acids or inhibited bile acid signaling could be a deciding step in the progression from NASH to HCC.

CONCLUSION

Taken together we have illustrated here the critical importance of adipokines, inflammatory factors, the generation of inflammation through gut dysbiosis and bile acids in supporting and enhancing NASH driven liver tumor growth. Obviously, inflammation from other sources such as the adipose and liver generated injury due to steatosis and cholesterol are also consequential factors in NASH and HCC[65]. Jointly, these observations show that cross-talk between the fat and liver and gut and liver can contribute to NASH HCC. We illustrate these concepts in Figure 1. 

In light of the fact that NASH originates from being overweight and obese, the correction of the microbiome to a lean phenotype and utilization of bile acid agonists are attractive future therapeutic options to limit hepatic inflammation and NASH progression, and possible HCC formation. Nevertheless, it must be mentioned that few of these studies have demonstrated a genetic mechanism through which NASH HCC tumor initiation is influenced. Therefore, this suggests that in the context of NASH driven HCC there are clearly genetic and epigenetic factors that can promote the initiation of HCC. A review of the literature reveals that research into the association of NASH HCC with alterations in microRNA, methylation, chromatin remodeling and chromosomal changes is only in its infancy. Thus, even through the suppression of inflammation is an attractive target for limiting and restraining HCC growth, conceptually further research is urgently needed to elucidate the identity of genetic and epigentic factors that can initiate HCC in the presence of NASH.
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Figure 1  Model illustrating the role of inflammation in non alcoholic steatohepatitis driven hepatocellular carcinoma. The current literature supports the concept that hepatic inflammation can in part come from dietary changes that promote an altered microbiome to release inflammatory factors such as lipopolysaccharide (LPS) and the inflammatory bile acid deoxycholic acid (DCA). They impact on the liver to activate the innate immune system and a senescence - associated secretory phenotype in hepatic stellate cells. Bile acids can also modulate hepatic inflammation through farnesoid X receptor and TGR5 receptors. The increased adipose mass can produce less adiponectin and more leptin, interleukin-6 (IL-6) and tumor necrosis factor (TNF)- that can further impact on the liver. The build up of fat and elevated FFAs, induce hepatocyte apoptosis, further amplifying the inflammatory effects. The net effect of the systemic and hepatic inflammation is to support neoplastic growth in the liver. It remains to be determined in appropriate mouse models whether bile acids can influence adipocyte function, non alcoholic steatohepatitis and hepatocellular carcinoma progression.
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