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Abstract
Hepatitis C virus (HCV) infection is a common chronic liver disease worldwide. Non-alcoholic fatty liver disease and insulin resistance (IR) are the major determinants of fibrosis progression and response to antiviral therapy. The pathogenetic link between IR and chronic HCV infection is complex, and is associated with HCV genotype. Liver steatosis is the most common in the patients infected with genotype 3 virus, possibly due to direct effects of genotype 3 viral proteins. To the contrary, hepatic steatosis in the patients infected with other genotypes is thought to be mostly due to the changes in host metabolism, involving IR. In HCV genotype 3, liver steatosis correlates with viral load, reverts after reaching the sustained virologic response and reoccurs in the relapsers. A therapeutic strategy to improve IR and liver steatosis and subsequently the response to antiviral treatment in these patients is warranted.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Three main types of steatosis in the patients with Hepatitis C virus (HCV) infection are known: a metabolic type associated with metabolic syndrome and two viral types: one that seems to be directly triggered by the virus and one that could originate from the interference of the virus in the mechanisms of insulin resistance. The first viral type is particularly widely considered to be predominant and, perhaps, strictly linked to HCV genotype 3 infection and its intra-hepatic viral load. This evidence is supported by the resolution of steatosis in most patients infected with genotype 3 virus after HCV eradication by antiviral therapy.
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INTRODUCTION
Approximately 200 million of people worldwide are chronically infected with hepatitis C virus (HCV) which can result in progressive hepatic injury and fibrosis, culminating in cirrhosis and end-stage liver disease[1]. Many viral and host factors are involved in the disease progression and the response to antiviral treatment. Insulin resistance (IR) is in particular noteworthy. IR is defined as an impaired ability to clear glucose from the circulation at a given level of circulating insulin and is considered the main pathogenetic factor of the metabolic syndrome, a cluster of metabolic abnormalities (e.g., obesity, type 2 diabetes mellitus - T2DM, dyslipidemia), associated with an increased cardiovascular risk[2,3]. IR is related to the presence of non-alcoholic fatty liver disease (NAFLD), the most common cause of chronic liver disorder in the Western world. NAFLD is an umbrella term that embodies simple steatosis, non-alcoholic steatohepatitis (NASH) and advanced fibrosis or cirrhosis related to this pathological entity[4,5].

Several data have reported that liver steatosis is a common histological feature of chronic hepatitis C (CHC) infection. The prevalence of steatosis ranges from 40% to 86%[5,6] in these patients . Three types of steatosis have been defined in the HCV patients. The first is a metabolic type, associated with metabolic syndrome. The second is a viral steatosis without any known steatogenic co-factors and is directly linked to the cytopathic viral effect[6]. The third type can be considered a “middle ground” between the first and the second one: even if this entity is virus associated, it could be more appropriate to define it as a combination of viral and metabolic factors. This entity has been associated with a direct interference of HCV core protein in the intracellular, post-receptorial pathways of insulin. This evidence, mostly found in the HCV genotype 1b patients, convinced some authors to coin the term virus associated steatohepatitis (VASH)[7,8]. This finding is also supported by the reports enlightening this condition in the non-genotype 3 infected patients, to achieve the sustained virologic response (SVR) that can lead to the reduction or total disappearance of steatosis[9]. Nevertheless, virally induced steatosis is widely considered to be predominantly, and perhaps strictly, linked to HCV genotype 3 infection. Its severity correlates with the level of viral replication, and it disappears after successful antiviral therapy[10,11]. The biological mechanism of the underlying steatosis occurrence and the progression to the liver disease is not entirely understood and is probably due to a number of factors that are expressed in the context of genetic predisposition. In support to this assumption, there is evidence that in the genotype 3 infected patients a significant weight loss can also lead to a considerable reduction of liver steatosis[9] . This evidence demonstrates that in HCV genotype 3 infection steatosis may partially be related to the metabolic mechanisms. In this complex repertoire, a multi-step hypothesis, in which IR is still the key risk factor for the development of NAFLD, has been proposed[12-14].

The main treatment goal in the patients with chronic HCV infection is the SVR. A rapid virologic response (RVR, at week 4) predicts the SVR, although not all the patients with the RVR achieve the SVR. The therapeutic standard of care regimen for the untreated HCV-patients is the combination of pegylated interferon-( (PEG-IFN) with ribavirin (RBV)[15]. This therapy is highly successful in the patients with genotype 2 and 3 infections with the SVR that is defined by undetectable serum HCV-RNA and by quantitative PCR 24 wk after the end of treatment, ranges between of 76% and 82%[15,16]. International guidelines have been established that the PEG-IFN should be used at the dose of 180 (g/wk for PEG-IFN-(2a and 1.5 (g/kg per week for PEG-IFN-(2b respectively in the genotype 3 patients. The RBV dose should be administered with a flat dose of 800 mg/d[17]. However, IR is associated with a poor response to anti-viral treatment in the patients with HCV genotype 1, 2, and 3[18,19]. The recent introduction in clinical practice of protease inhibitors to treat CHC genotype 1 have increased the treatment response rate, which does not seem to be influenced by IR[20,21]. However, these drugs are not recommended to non-1 genotypes, and the triple therapy will not be available for all patients in many countries.

The aim of the present review is to summarize recent data on the relationship between HCV and IR, and in particular the role of the genotype 3 in the development of steatosis and its clinical management.

PATHOGENESIS AND CORRELATION

The pathogenetic link between IR and CHC is complex. IR promotes lipid accumulation, inflammation and fibrosis deposition in the liver with disease progression. On the other hand, HCV may itself induce a IR state, with T2DM promotion and lipid metabolism derangement[4]. Both NAFLD and HCV are associated with increased gluconeogenic drive and IR, as shown by the impaired suppression of hepatic glucose output by insulin[22,23]. Steatosis occurs frequently in the CHC patients, with a prevalence between 40% and 86% according to the genotype. The majority of the patients show simple steatosis, but features of NASH have been found in approximately 10% of the CHC patients[24]. In these subjects, macrovesicular steatosis is found in the periportal region of the liver, different from the centrilobular distribution characteristic of the NASH patients. This observation is genotype specific. In the CHC genotype 1 and 4, liver steatosis is associated with IR and is either virus-mediated, the above mentioned VASH, or is due to the host metabolic factors such as visceral obesity[14,19,25]. Conversely, hepatic steatosis in the HCV genotype 3 infection is predominantly a direct effect of the virus, occurring in the absence of other metabolic risk factors, such as the presence of NAFLD[26,27]. HCV genotype 3 modulates lipid metabolism and signaling via three distinct non-mutually exclusive mechanisms: by impared lipoprotein secretion or fatty acid degradation ((-oxidation) and by increased lipogenesis[28] (Figure 1). HCV core protein has been shown to inhibit microsomal triglyceride transfer protein (MTP) activity[29]. MTP is an enzyme that plays an important role in very-low-density lipoprotein (VLDL) assembly and apolipoprotein B (ApoB) secretion, its inhibition causes accumulation of triglycerides and steatosis[30]. HCV has been reported to upregulate sterol regulatory element binding protein (SREBP-1c) signaling pathway. SREBP-1c in the nucleus leading to activation of the enzymes involved in lipogenesis such as acetyl-CoA carboxylase (ACC), sterol CoA dehydrogenase 4 (SCD4) and fatty acid synthase (FAS)[28,31]. Moreover it’s showed that in the patients infected with the genotype 3 PPAR-( mRNA levels are significantly lower in the liver than in those infected with the other HCV genotype[32]. The HCV core protein reduces the expression of peroxisome proliferators-activated receptor (PPAR)-(, that is an important transcription factor involved in the regulation of several genes responsible for fatty acid degradation, like mitochondrial carnitine palmitoyltransferase type 1 (CPT)-1, an important enzyme of mitochondrial (-oxidation[32,33]. Recent data showed that HCV core may accumulate and interact with mitochondria and endoplasmic reticulum, inducing production of reactive oxygen species (ROS)[34]. The ROS production causes mitochondria damage and peroxidation of membrane lipids and structural proteins that are involved in VLDL trafficking and secretion, this mechanism leads to steatosis[14,34]. Okuda et al[35] have proposed that the core protein induces oxidative stress by the cytoepathic effect of high titre of intra-cytoplasmic negative strand HCV-RNA. Moreover, the patients infected with the genotype 3 present significantly lower homeostatic model assessment (HOMAR-IR) values than the patients infected with other genotypes, providing the support for a widely held view that hepatic steatosis is virally induced in this genotype infection and metabolically induced infections by other genotypes[36].

To support the role of different genotypes on lipid metabolism in the liver cells, Abid et al[37] developed an in vitro model to study the effect of the core protein belonging to several viral genotypes, in particular 1b, 2a, 3a, 3h, 4h and 5a. They concluded that the genotype 3a-derived core protein was about three times more potent than the corresponding protein from the genotype 1b at inducing triglycerides accumulation in transfected cells[37,38]. This evidence is supported by Pazienza et al[26,39] who using microarray analysis, showed that several genes, involving lipid transport and metabolism, were up- or down-regulated in a genotype-specific manner. In addition, some differences in the amino acid sequence in the core protein could explain, at least partially, that genotype 3a induces steatosis more efficiently than other genotypes. A specific polymorphism in the core protein from genotype 3 has been associated with a lipid accumulation in the hepatocytes. The evaluation of viral sequences, responsible for the genotype 3 core protein-steatogenic effects, has found the identification of a single amino-acid change, at the position 164[40]. Another study reported two amino-acid substitutions at the positions 182 and 186, specifically associated with lipid accumulation in hepatic cells and steatosis development[41]. However, the recent data have suggested that the polymorphism of various host genes, including the peroxisome proliferator-activated receptor-( (PPAR-(), interleukin-28 (IL-28)B, adiponutrin and microsomal triglyceride transfer protein (MTP) genes, may influence the development of more severe steatosis in the CHC patients. This phenomenon seems to concern the patients principally infected with non-genotype 3 viruses[42]. Indeed, steatosis often disappeared in the genotype 3 patients who had a SVR to standard PEG-IFN plus RBV treatment and recurred when HCV relapsed[43]. This phenomenon was not observed in other HCV genotypes.

Molecular studies demonstrated the capacity of HCV genotype 3 to promote IR and type 2 diabetes (T2DM). HCV can induce insulin resistance in two different ways: the viral proteins can directly interfere with intra-cellular insulin signalling or the chronic inflammatory response can induces IR indirectly (Figure 2). In the directly mechanism HCV core protein stimulates increased levels of the molecule suppressor of cytokine signaling SOCS-3, that were demonstrated to be over-expressed in the insulin resistant, and causes proteasomal degradation of IRS-1 and IRS-2, two different molecules involved in insulin signalling. Chronic inflammation due to HCV plays an important role in IR, increased levels of IL-1, tumour necrosis factor (TNF)-(, IL-6 and leptin stimulate the expression of IKK(, a protein kinase, that induces IR by inhibitory phosphorylation of IRS-1 at Serine 312[44]. Finally it was demonstrated that oxidative stress due to HCV infection may contribute to IR. High levels of ROS can activate nuclear factor kappa-light-chain-enhancer of activated B cells (NF-(B) that is a transcription factor. As a consequence of NF-(B activation, expression of a variety of cytokines is increased, including tumour necrosis factors (TNF-( and TNF-(), interleukins (IL) 1, 6 and interferon-([45] .
All these changes can block the transactivation of glucose transporters (GLUT)-4 in the cells, suppressing glucose uptake, leading to a hyperinsulinism state. Increasing hepatic SOCS-3 expression has predictive a value for the outcome of anti-viral therapy in the patients with HCV infection[19]. Another steatogenic mechanism of genotype 3, is the down-regulation of PPAR-( and up-regulation of SOCS-7, mediated by core protein[46]. However, Steatosis does not appear to predict the occurrence of fibrosis in CHC genotype 3[47]. In fact, even if it was demonstrated that, also in the genotype 3 patients, a significant weight loss could lead to a considerable reduction of liver steatosis[9], in a cohort study analysing the fibrosis progression rate in 1189 patients with known date of infection steatosis was not identified as an independent factor for accelerated fibrogenesis in genotype 3[11]. This suggests that viral steatosis contribute to the development of fibrosis, if a metabolic steatosis associated with IR and metabolic syndrome are present[47,48], which also may be likely present and active in the genotype 3 infected patients.

CLINICAL IMPLICATION

It is important to evaluate the impact of IR and liver steatosis on the antiviral treatment response in the patients with different genotypes. There is no consensus for the specific recommendations regarding diagnostic workup or therapy in the patients with CHC and IR. The IR development in the CHC patients should be assessed regularly by the HOMA-IR. The presence of IR and NAFLD reduces the probability of achieving the SVR after standard therapy (PEG-IFN and RBV) in genotype 3, especially if steatosis involves more than 33% of the liver[18,49]. The current data on this topic are summarized below.

Poustchi et al[50] demonstrated that IR was an independent predictor of lower SVR in 83 patients infected by genotypes 2 or 3 (or no-response with HOMA-IR > 2 OR = 6.5; 95%CI: 1.3-31.9; P = 0.02). Considering that steatosis development in CHC genotype 3 and its pathogenic mechanisms might be different to that one involved in the patients with genotype 2, the authors performed separate analyses, including only 67 genotype 3 subjects. The data were similar to the SVR rates of 93% in those with a HOMA-IR of < 2, while in those with HOMA-IR ≥ 2 was 64% (P < 0.01). Similarly, steatosis was not a predictor of the SVR among the patients with genotype 3. Another study on 62 subjects with different HCV genotypes (1, 2 and 3) demonstrated that SVR was reduced in the patients with HOMA-IR > 3, but this difference was not sustained when analysed for each genotype individually[51]. Also, the RVR was reduced in the patients with genotype 3, when HOMA-IR was > 3, although the difference was not statistically significant in relation to the small numbers of the patients included in the cohort study. A meta-analysis, aiming to evaluate the impact of IR on the SVR in CHC genotypes 1, 2, 3 and 4, reported that the elevated HOMA-IR was associated with a lower cure rate of the HCV patients treated with PEG-INF and RBV, independently of viral genotype[52]. However, the authors reported the differences on the determination and calculation of HOMA-IR in the considered studies. The same study group, with the purpose to investigate the effect of IR on SVR in 263 HCV subjects, subsequently demonstrated that the SVR rate was significantly reduced among the patients with HOMA-IR ≥ 2 for each genotype analyzed (1, 3, and 4)[53]. This difference was maintained even when different cut-off values of HOMA-IR were used to define IR (> 3 and > 4). In addition, the presence of IR, measured by the HOMA-IR, presents also a prognostic value in the standard therapy of the patients with genotype 2 or 3. However, despite these data, the SVR variation in HOMA-IR values and HCV genotype remain controversial. Fattovich et al[54] reported the association between HOMA-IR and rapid virologic response (RVR). In particular, the subgroup of the univariate analysis, according to infecting genotype, showed that a baseline HOMA-IR ≤ 2 was the only predictive factor of the RVR in the genotype 3 patients (P = 0.02), and the multivariate analysis, according to infecting genotype, confirmed the HOMA-IR ≤ 2 as an independent predictor of the RVR, but only in genotype 3 (OR = 5.3; 95%CI: 1.0-27.7; P = 0.05). Finally, the RVR was also detected as a predictive factor of the SVR in the genotype 3 patients (P = 0.02), in addition to lower body mass index (P = 0.004). It was clear that the presence of the IR was associated with reduced the SVR rates in the patients infected with HCV genotype 3, and that HOMA-IR index could be used as a predictive factor for the SVR in these patients. This presents a debating point on the recent meta-analyses, as there is no consensus regarding the HOMA-IR value cut-off that defines the IR, because different values (i.e., 2, 2.5, 2.7 or 3) were employed in literature[55]. Shah et al[56] reported that even in HCV genotype 3, steatosis was the independent predictor of relapse, independently of viral load, in the patients who achieved the RVR with PEG-IFN plus RBV regimen after 24 wk (OR = 3.0; 95%CI: 1.5-6.1; P = 0.003). These data were subsequently confirmed by Restivo et al[57] in the study where the therapy was reduced to 12 wk (OR = 0.988; 95%CI: 0.981-0.993; P < 0.001). Given these results, it is easy to assume that in genotype 3 steatosis might also be linked, not only to the direct viral mechanisms, but also to the insulin resistance that might originate from the genetic characteristics of the host and the activity of the virus itself on it, which may influence the response to the antiviral therapy. For this reason, the guidelines of European Association for the Study of the Liver (EASL) on the choice of the treatment duration reported that in the patients with HCV genotypes 3 who presented advanced fibrosis, cirrhosis or cofactors as well IR should not be considered for shortening of the treatment duration, even if they had low baseline HCV-RNA and RVR[15].

In the recent years, several potential direct-acting antiviral drugs (DAAs) targeting viral proteins (NS3/4A protease, NS5B nucleos(t)idic and non-nucleos(t)idic polymerase, NS5A viral replication complex) have been developped. However, the sensitivity of HCV genotype 3 to those new drugs remains relative and have raised questions on how to achieve universal cure. First generation protease inhibitors in combination with PEG-IFN/RBV are not efficient in genotype 3-infected patients. The combination of PEG-IFN/RBV with the oral nucleotidic polymerase inhibitor sofosbuvir (GS-7977) for 12 wk in naïve patients results in a SVR in more than 95%[58]. The results of the combination of sofosbuvir and RBV for 12 wk in genotype 3-infected patients have been rather disappointing with a slightly lower SVR than after 24 wk of PEG-IFN: around 60%, and only 30% in patients with cirrhosis. Extending treatment from 12 to 16 wk in treatment experienced patients doubled the SVR rate and an 80% SVR rate is expected by extending treatment to 24 wk[59,60]. There is no data on the influence of baseline insulin resistance on SVR in HCV genotype 3 patients treated with DAAs[61].

CONCLUSION

Steatosis development and CHC infection are clearly linked. HCV induces IR by several pathogenetic mechanisms that are also implicated in a treatment resistance and an increase in fibrosis progression. In this way, the antiviral responsiveness remains the major clinical problem in the eradication of HCV, even with the use of new drugs. The value of HOMA-IR index has been largely discussed. HOMA-IR index, measured before the start of the antiviral therapy, could be useful in clinical practice to improve the basic evaluation and to predict the treatment response. Defining the reliable HOMA-IR cut-off is probably the first step to determine the presence of IR, in particular, in the CHC patients infected with genotype 3 whose liver steatosis is induced by direct viral action. The 2014 EASL clinical practice guideline for the management of hepatitis C indicate that for HCV genotype 3 with the RVR and low viral load shortening of the treatment duration should be considered[15]. However, before starting this therapeutic approach it is also necessary to evaluate the presence of steatosis and its degree that is associated with significantly higher rates of relapse, irrespective of viral load, especially in the patients infected with HCV genotype 3 who have an RVR[56,57]. Further studies are needed to determine a new therapeutic strategy in this subgroup of the patients, especially, if the emergence of direct-acting antiviral drugs is near to come.
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Figure 1  Effects of hepatitis C virus on liver steatosis development. ROS: Reactive oxygen species; MTP: Microsomal triglyceride transfer protein; HCV: Hepatitis C virus.
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Figure 2  Relationship between hepatitis C virus core protein genotype 3 and metabolic factors in the development of insulin resistance. ROS: Reactive oxygen species; HCV: Hepatitis C virus; TNF-(: Tumour necrosis factor-(; IL-6: Interleukin-6.
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