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Abstract
Hepatitis C virus (HCV) is an important etiologic agent of hepatitis and a major cause of chronic liver infection that often leads to cirrhosis, fibrosis and hepatocellular carcinoma. Although, HCV is a hepatotropic virus, there is strong evidence that HCV could replicate extra-hepatic in the gastrointestinal tissue which could serve as a reservoir for HCV. The outcome of HCV infection depends mainly on the host innate and adaptive immune responses. Innate immunity against HCV includes mainly nuclear factor cells and activation of IFN-related genes. There is an immunologic link between the gut and the liver through a population of T-cells that are capable of homing to both the liver and gut via the portal circulation. However, little is known on the role of Gut immune response in HCV. In this review we discussed the immune regulation of Gut immune cells and its association with HCV pathogenesis, various outcomes of anti-HCV therapy, viral persistence and degree of liver inflammation. Additionally, we investigated the relationship between Gut immune responses to HCV and IL28B genotypes, which were identified as a strong predictor for HCV pathogenesis and treatment outcome after acute infection. 
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
Hepatitis C virus (HCV) was first identified by Harvey Alter in 1978 and named non-A, non-B hepatitis[1], and cloned by Houghton in 1986[2]. HCV is a single-stranded, positive sense RNA virus belonging to Hepacivirus group in the family Flaviviridae[3]. There are 6 HCV genotypes. Due to the low fidelity and lack of proofreading of HCV polymerase enzymes used for viral genome amplification, multiple mutations occur within a genotype to produce quasi-species[4,5].

Chronic hepatitis C infection (CHC) is a global worldwide health care problem with an increasing burden year-by-year[6-8]. The World Health Organization estimates that approximately 200 million people worldwide are infected with HCV[9]. It is also a major cause of chronic liver infection that often leads to chronic hepatitis which may progress to cirrhosis, fibrosis and finally hepatocellular carcinoma[3,10]. 

HCV is one of the most important etiologic agents of post transfusion hepatitis. HCV is usually spread by sharing infected needles with a carrier, from receiving infected blood, and from accidental exposure to infected blood. Some people acquire the infection through non parenteral means that have not been fully defined, but include sexual transmission in persons with high risk behaviors[11]. It is not reported that HCV can spread orally by food, water, breast feeding, or by normal social contact as sneezing, coughing, hugging, sharing eating utensils or drinking glasses[12]. Mother-to-baby transmission is rare and needs a high viremia as found in HIV co-infection[13]. 

HCV VIROLOGY

HCV is a single stranded RNA virus which produces negative strand RNA as a replicative intermediate. The HCV genome is about 9.6 kb in length. During HCV replication cycle, one large precursor protein is synthesized from an open reading frame then cleaved to produce 10 proteins including three structural proteins which are Core, two envelope proteins (E1 and E2)[3], and P7 which results from cleavage of E2 protein[14]. The other six proteins that are not in the viral particle called non-structural proteins (NS) including NS2, NS3, NS4A, NS4B, NS5A, and NS5B[3]. Non-structural (NS) proteins are not found in the virion, therefore, presence of NS proteins inside cells suggests that HCV replication occurred in those cells[3]. Replication of HCV involves converting the viral genomic positive strand into a negative strand, and then back to the genomic strand. Thus, the presence of the negative strand strongly suggests that replication[15].

HCV REPLICATION

HCV is primarily a hepatotropic virus[15]. However, a broad spectrum of extra-hepatic manifestations may be associated with HCV infection, including mixed cryoglobulinemia, non-Hodgkin’s lymphoma, arthralgia, paresthesia, myalgia, pruritis, cutaneous vasculitis, glomerulonephritis, neuropathy and lymphoproliferative disorders[16,17].

HCV was believed to infect only hepatocytes[3]. However, recent studies have reported HCV infection of other cell types[15,18-21]. In fact, viral replication has been reported in B cells, T cells, monocytes, macrophages, and macrophage-like cells such as Kupffer cells, dendritic cells (DCs), renal cells, thyroid cells, and gastric cells. There is mounting evidence that these cells could represent replicative compartments for the virus[3,22,23]. In addition, it has been proposed that peripheral blood monocytes (PBMC) could be the source of recurrent HCV infection after liver transplantation[24]. Despite these reports, extra-hepatic replication of HCV is still controversial by some investigators. However, the importance of extra-hepatic HCV replication in HCV pathogenesis is clear. Extra-hepatic compartments might serve as reservoirs for HCV, and hence HCV persistence, reactivation after antiviral therapy and also may contribute to the HCV extra-hepatic manifestations[24].

HCV IN THE GUT

There is a molecular evidence that HCV may infect and replicate in oral mucosa and gastric cells[23]. Moreover, HCV seems to be involved in development of B-cell non-Hodgkin’s lymphoma of the gastric mucosa[25]. Miglioresi et al[26], reported that Gut mucosa may serve as possible reservoir for HCV relapse after viral clearance. They analyzed HCV gastric localization in 15 patients and compared their levels of viremia with the status of HCV in gastric biopsy specimens and PBMCs. In that study, all 15 patients with positive viremia were positive for HCV RNA on Gut tissue and PBMCs. In 2 patients, HCV RNA was positive on serum, negative at Gut biopsy but their PBMCs were positive. Two patients with negative viremia and PBMCs after antiviral treatment were positive for HCV RNA on gastric sample and eventually relapsed (after 6 and 18 wk). The finding of a positive hidden compartment for HCV and simultaneous negative viremia had previously reported in HCV infected liver without detectable viremia[27]. Replication of HCV in gastrointestinal tissue represents a continuous new source as an extra-hepatic reservoir of viral particles for re-infection of hepatocytes[26].

IMMUNE RESPONSE TO HCV

Systemic immune responses

The immune response against HCV involves innate and adaptive immunity[9]. Innate immunity against HCV is mediated by several innate immune effector cells such as NK cells, and activation of the interferons-stimulated genes (ISGs) response[28]. Recent studies have revealed that the IL28B gene locus, which codes for a type Ⅲ interferon is a critical locus for outcome after acute infection[29], and response to therapy[29,30]. However, HCV may develop several strategies to overcome these responses. For example, viral NS3 and NS4a protease can cause disruption of important components of type Ⅰ interferon activation cascade through inactivation of several ISGs[31,32]. 

Adaptive immunity against HCV is mediated by both humoral and cellular immune responses. Most HCV-infected individuals develop antibodies against HCV, regardless of the outcome of infection. Few of these antibodies can neutralize viral particles and may limit viral spread[33]. However, neutralizing antibodies have a limited role in most of the infected patients due to the high replication and mutation rate of HCV[34]. In fact, HCV clearance had been observed in some patients in the absence of neutralising antibodies[35]. Therefore, despite the potential protective role of innate and humoral immunity in the outcome of infection, it is clear that protection and viral clearance depend primarily on cellular adaptive immune responses through a complex interplay between CD4+ and CD8+ T-cell responses[9]. Unfortunately, in some patients, cellular immune responses are inadequate and fail to clear the infection with a subsequent viral persistence[9]. Fully functional virus-specific CD4+T-cell responses are detectable in patients who cleared infection[9,36-38]. The role of HCV-specific CD4+T-cell was further supported by the finding of in vivo depletion of CD4+T cells from HCV-recovered chimpanzees was associated with viral persistence[38]. Moreover, several studies have shown that HCV-specific CD8+T-cells derived from the peripheral blood or liver are functionally impaired and display a reduced ability to proliferate or secrete anti-viral cytokines such as IFN- [39-41]. The mechanisms contributing to CD8+T cell exhaustion in HCV are not fully understood, however, it may be partially explained by the intrinsic regulatory pathways such as signals mediated by the inhibitory receptor PD-1[40,42-45] and extrinsic regulatory pathways as regulatory T cells (Treg) or secretion of immunoregulatory cytokines such as IL-10[46-51]. Ultimately, the outcome of HCV infection, viral persistence or clearance, is determined by the host immune response[9,52,53]. Additionally, sustained HCV-specific cytotoxic T cell responses in the liver have been associated with the development of hepatic immunopathology and liver necrosis which may lead to liver cirrhosis[52,53]. The mechanisms that mediate liver inflammation and damage in CHC are not yet fully elucidated[9,54]. One of the potential mechanisms that might modulate HCV-specific immune responses is Treg cells which are a subtype of T cells that play a fundamental role in maintaining immune homeostasis and the balance between the tissue-damaging and protective effects of the immune response[54-56]. It is characterized by the expression of a unique transcription factor Forkhead box protein P3 (FoxP3), which is highly expressed in the nucleus of Treg cells and is generally accepted as the single best marker to quantify Treg cells[53,56-58]. In cases with CHC, it was reported that the frequency of Treg cells were negatively correlated with the degree of necro-inflammatory scores and their frequency is higher than that in healthy individuals[47,59,60]. Thus, Treg cells appear to assist in the maintenance of chronicity by inhibition of anti-HCV immune responses and consequently attenuate the intrahepatic tissue-damaging response to infection[49,53].
MUCOSAL (GUT) IMMUNE RESPONSE IN HCV

The mucosal immune system is considered the first line of defense that reduces the need for elimination of exogenous invading antigens by pro-inflammatory immune response[61]. The mucosal immune system maintains homeostasis through evolution of two layers of adaptive non-inflammatory defense; the first strategy is immune exclusion by secretory IgA (and IgM) antibodies to limit epithelial contact and penetration of invading microorganisms and other potentially dangerous antigens[61], and the second strategy is oral tolerance by development of immunosuppressive mechanisms to inhibit over-reaction against food antigens and commensal bacteria[62]. Oral tolerance depends mainly on the induction of Treg cells in mesenteric lymph nodes to which mucosal DCs carry and present food and commensal microbial antigens[63]. Gut induced tolerance include other suppressive mechanisms to ensure that persistent food allergy is relatively rare[64].

Some pathogens and food antigens could enter the liver via the portal circulation[65] within 2 h of ingestion[66] and presented on liver endothelial cells. The liver is critical in the regulation of immune responses to pathogens entering via portal circulation[67]. It receives 75% of its blood supply from the portal vein, which drains the gut. Oral tolerance is usually lost in case of a portal-systemic shunt, which allows portal blood to bypass the liver and goes directly from the gut to the systemic circulation[67,68].

To understand the interactions between the immune responses in the Gut and the liver during HCV infection, we have to dissect the immune responses in each organ. The intestinal immune system can be divided into inductive and effector sites based upon their anatomical and functional properties[61,63]. Inductive sites include the gut-associated lymphoid tissues (GALT) such as Peyer’s patches (PP) and isolated lymphoid follicles and the mesenteric lymph nodes (mLNs). The GALT contains a wide variety of cells, such as Microfold (M) cells, DCs, intraepithelial lymphocytes (IEL), macrophages and Treg cells[61]. The main effector sites of the intestinal immune system are the lamina propria (LP) and epithelium, which harbor large populations of activated T cells and antibody-secreting plasma cells. The LP may also contribute to the induction of tolerance. It is a site of antigen uptake and loading of the migratory DCs that encounter naïve T cells in the mLNs[61]. Antigen are up-taken by absorptive epithelial and M cells in the mucosal inductive sites or directly captured by professional APCs (including DCs, Macrophage and B lymphocytes)[69]. M cells take up molecules and particles from the gut lumen by endocytosis or phagocytosis then sample them to the immune cells. Antigens are transported through M cells by the process of transcytosis. The cell membrane at the base of M cells is folded around lymphocytes and dendritic cells within the Peyer’s patches[69]. M cells present the antigen to conventional CD4+ and CD8+  T cells at the inductive site. At the same time, epithelial cells may process and present certain antigens directly to neighboring intraepithelial T cells such as NKT cells and  T cells which are T cells with limited repertoire diversity[69]. Naive B and T cells enter GALT and are primed to become memory/effector B and T cells, then migrate from GALT to mesenteric blood and the liver or to the lymph nodes via lymph and then via thoracic duct to peripheral blood for subsequent extravasation at mucosal effector sites. A system of Gut-specific lymphocyte trafficking has been evolved to target lymphocyte to the area of injury or infection through vascular adhesion molecules and chemokines. Thus, the endothelial cells act as a local gatekeeper for mucosal immunity[61]. Under normal physiological conditions enteric antigens are presented to naïve lymphocytes in the draining mesenteric lymph nodes. Lymphocytes activated by gut dendritic cells express a gut-homing phenotype characterized by expression of the chemokine receptor CCR9 and the integrin 47 which direct the migration of the activated lymphocytes back to gut tissue where their respective ligands CCL25 and MAdCAM-1 are expressed[67,70]. Lymphocytes that are primed to hepatic antigens acquire expression of adhesion molecules that direct them to traffic to the liver by interacting with molecules expressed on hepatic endothelium such as VAP-1. 

EFFECTOR MECHANISMS OF THE GUT IMMUNE RESPONSES

Innate immune system in the gut includes the lining epithelium which provides barrier function, mechanical cleaning and defensins which act as chemical antimicrobial factors[71]. The gut mucosa contains a number of other cells as part of the innate immune system, including phagocytic neutrophils and macrophages, DCs, NK cells and mast cells. These cells contribute significantly to host defense against pathogens22 and also initiate adaptive mucosal immune responses[69,72].

The adaptive humoral immune defense at the gut mucosal surfaces is mainly mediated by secretory IgA (sIgA) antibody, which is the ideal antibody for functioning in mucosal secretions due to its resistance to proteases[61]. sIgA plays a protective role against a variety of foreign antigens such as food antigens, toxins, bacteria and viruses[72]. slgA blocks the access of potentially allergenic molecules derived from food or drugs[73]. Because some dietary antigen is clearly absorbed by normal subjects, the importance of sIgA antibody may lie in reducing the amount of antigen that gains access to the lamina propria[73,74]. sIgA can neutralize biologically active antigens as bacteria, toxins, enzymes and viruses. The effectiveness of sIgA as a neutralizing antibody against viruses is shown for example in the responses to oral live-attenuated poliovirus vaccine where protection correlates with levels of secretory antibody[75]. Additionally, sIgA is an efficient agglutinin that can prevent adherence of pathogenic bacteria to the epithelial surfaces and enhance the antibacterial efficiency of other effector immune system; sIgA has bactericidal potential by cooperation with complement and lysozyme and also can act as opsonin. However, the role of sIgA during HCV infection is limited.

The development of IgA immune response against mucosal pathogens and soluble protein antigens is dependent on T helper cells[76]. Mucosal T cells produce large amounts of transforming growth factor (TGF)-, interleukin (IL)-10 and IL-4 to promote B-cell isotype class switching to IgA[77,78]. Additionally, muco-epithelial cells, and Treg cells are the major sources of TGF- and IL-10, suggesting that cooperation between neighboring lymphocytes and epithelial cells in the mucosal microenvironment is pivotal to promote B-cell switch to IgA and differentiation into IgA-committed B cells[69].
One of the important cellular immune defense at the gut mucosal surfaces is mainly mediated by cytotoxic T lymphocyte (CTL) responses[69]. It is reported that mucosal CTLs are crucial for the immune clearance of pathogens in several animal models of infection with enteric viruses like Rota virus[79] and intracellular parasites[80]. Besides CTLs, induced IFN- producing CD4+ T cells, have been found to be important for mucosal immune defense to both viral and bacterial infections[69].
REGULATORY MECHANISMS OF GUT IMMUNE RESPONSE AND ORAL TOLERANCE

Gut immune response is controlled by the local microenvironment, the nature of the antigen and the type of APCs. In case of foreign food proteins and non-pathogen antigens, the default pathway for mucosal DCs and other APCs is to generate TH2 and various regulatory T cell types of responses mainly Treg[81], and Th17 cells[82] which usually leads to down-regulatory or active suppression of systemic immunity (oral tolerance). On the other hand, antigens, most pathogens harboring motifs which could bind to Toll-like receptor (TLR), and be sensed by mucosal APCs as ‘danger signals’ and pro-inflammatory conditions in general favor the development of stronger and broader immune responses but do not lead to oral tolerance[81,83,84]. Oral tolerance can be achieved through different mechanisms, including anergy, activation-induced cell death and most important, the induction of regulatory T cells[69,85]. Anergy of antigen-specific T cells has been reported after ingestion of large quantities of soluble proteins[86], and deletion of specific T cells only after mucosal administration of massive, non-physiological antigen doses[87]. Induction of regulatory T cells after mucosal delivery of antigens has been reported and received major attention given the potential of manipulating these regulatory cells as therapeutic agents in immune-mediated diseases[69].
Regulatory T cells includes: (1) CD4+CD45RBlow Tr1 cells that function through the production of IL-10 to suppresses antigen-specific T cell responses and actively down-regulates a pathological immune response[88]; (2) TH3 cell which are CD4+ or CD8+ T cells producing TGF- with various amounts of interleukin-4 and interleukin-10[89]; and (3) Treg cells, a population of naturally occurring CD4+CD25+ regulatory T cells that suppress proliferation through a cell contact-dependent mechanism[90] followed by cell-contact-independent mechanism mediated by soluble factors such as IL-10 and TGF-[91]. Induction of tolerance is a contact-dependent mechanism used by naturally occurring CD4+CD25+ Treg to confer suppressive activity upon conventional antigen-specific CD4+ T cells through the expression of the transcription factor Foxp3 and/or the major histocompatibility complex (MHC) class II-binding molecule LAG-3 in such cells[69,91], and inhibit T cell activation via soluble mediators. CD4+CD25+ Treg cells expressing the mucosal 47 integrin, when co-cultured with conventional CD4+ T cells, induced Tr1-like IL-10-secreting T cells with strong suppressor activity on effector T cells. While 41-positive Treg induced TH3-like TGF- secreting suppressor T cells[91]. Moreover, intraepithelial CD8+ T cells in the small intestine have been involved in mucosal tolerance and are the first T cells to encounter pathogens that have invaded an epithelial surface[92]. 

ROLE OF LIVER IN ORAL TOLERANCE

Although the liver is capable of generating vigorous immune responses to infections such as hepatitis A and hepatitis E viruses, both of which enter via the gut, it is also characterized by immune tolerance in several settings[93,94]. A vigorous intrahepatic immune response depends on activation of T cells by fully activated DCs within secondary lymphoid tissues whereas direct activation within the liver by resident APCs including endothelial cells and hepatocytes usually results in tolerance[95]. This is logic, as it allows the liver to tolerate soluble food antigens captured by liver endothelial cells and self-antigens on hepatocytes that fail to cause damage whilst responding appropriately to infections that cause injury, inflammation and full activation of DCs[67].

Regulatory T cells as well as NK and CD1-restricted NKT cells seem to contribute to the overall bias of hepatic immune responses toward tolerance. The tolerance microenvironment of the liver may account for the survival of liver allografts and the persistence of certain liver pathogens such as hepatitis viruses[94]. 
LINK BETWEEN THE GUT AND LIVER IMMUNE RESPONSES DURING HCV INFECTION

The Gut and the liver share common embryological origins; the liver develops from the ventral floor of the foregut as the liver diverticulum from the undifferentiated gut endoderm[96]. Subsequently, the gut is populated by lymphocyte precursors derived from the developing liver[97] (Figure 1).

There is an immunologic link between the gut and the liver through a population of T-cells that are capable of homing to both the liver and gut via portal circulation[96]. Additionally, the liver is considered an important toleragenic organ for all of foreign proteins we are eating that are probably mediated through the Treg cells, which in turn act as a link between the gut and the liver[67,96]. Most of the infiltrating T-cells in the liver are primed cells suggesting that trafficking of memory T-cells through the liver might contribute to immune surveillance[98]. Evidence, that supports such findings, comes from observations that the gut adhesion molecules and chemokine (such as CCL25) are also detected on liver endothelium[99] providing a mechanism for the recruitment of mucosal lymphocytes to the liver[100]. 
Evaluation of the gut immune cells for the intrinsic gut-liver immune axis of the shared lymphocytes that recirculate between the gut and liver through the portal circulation may be considered a useful image of the intrahepatic micro-environment during HCV infection. Based on this relationship, the frequency of Treg cells in colonic tissue and its association with the various outcomes of anti-HCV therapy, viral persistence and degree of liver inflammation were examined in our laboratory. Our data indicated that the frequency of colonic Treg in CHC patients is higher than control and our findings are in concordance with previous reports that demonstrated a higher number of FoxP3+Treg cells in the liver of HCV-infected patients compared to healthy control[47,59,60]. These findings support that Treg plays a prominent role in maintaining the balance between tissue damaging and protective effects of immune responses to HCV. 

While attempting to limit viral replication, T-cells inadvertently play a pivotal role in limiting hepatic necro-inflammation and subsequent fibrosis[28,101-103] by suppressing HCV-specific immune responses[48]. In our study, we found a significant inverse correlation between the frequency of colonic Treg and liver pathology indicating a role of colonic Treg in controlling the chronic inflammatory response and limit liver damage in CHC infection. 

There is still an open question whether Treg cells are protective or harmful in CHC. The effective host anti-HCV immune response may be associated with strong inflammatory reactions and liver damage. To minimize the damage to self, the activation of the immune system also triggers anti-inflammatory pathways through Treg responses. Both inflammatory and anti-inflammatory reactions are normal components of the immune response, which together, fight infections while preventing immunopathology. 

TREATMENT OF HCV AND RELATIONSHIP TO IMMUNE RESPONSES

Until 2011, the standard of care for chronic hepatitis C patients was combined treatment with Peginterferon (Peg-IFN) and ribavirin (RBV). The combination of Peg-IFN and RBV induced sustained virologic response (SVR) in 40%-50% of genotype 1 and 80% or more in genotype 2 and 3 infections[104-106]. The lack of effective regimens across all genotypes and alternative therapeutics for patients who suffered serious side effects prompted basic science research and numerous clinical trials leading to the development of direct-acting antiviral (DAA) agents. The US Food and Drug Administration approved Telaprevir (TVR) and Boceprevir (BOC) for HCV genotype 1. They inhibit HCV nonstructural protein 3/4A (NS3/4A) serine protease, which is critical for HCV replication. TVR and BOC are approved for use in combination therapies with Peg-IFN-alpha and RBV as they improved SVR rates to 75% and 66% respectively for adult HCV genotype 1 patients with compensated liver cirrhosis[107]. However, these DAAs incur their own set of severe side effects including anemia, rash, and hyperbilirubinemia. New drugs classified as second-wave protease inhibitors, second-generation protease inhibitors, and polymerase inhibitors are being developed and currently undergoing clinical trials[108]. The NS5B polymerase inhibitor, sofosbuvir has been recently approved by the FDA for treatment of hepatitis C genotype 1, 2, and 3 patients[109].

Identifying patients that are likely to achieve SVR versus those that are likely to be non-responders is crucial for disease prognosis, providing optimal therapy, avoiding side effects, and reducing costs associated with Hepatitis C therapy. Since sequencing of the human genome in 2001, advancements along with decrease costs in genotyping technologies have led to investigation of genomic markers associated with a response to Peg-IFN and RBV in patients with chronic hepatitis C. The rs12979860 SNP located on chromosome 19 upstream of the IL-28B gene has been identified as a significant predictor of SVR in HCV Genotype 1 chronically infected patients that underwent standard therapy[110]. The same rs12979860 SNP has the ability to predict natural clearance of the hepatitis C virus[30]. Genotype C/C at the rs12979860 SNP was associated with a higher likelihood of natural clearance and therapy induced clearance of hepatitis C genotype 1, while T/T genotype was the most unfavorable[111]. Studies have confirmed that rs12979860 is the strongest predictor of SVR and can effectively predict response to IFN/RBV based therapy[112]. The mechanisms by which the rs12979860 affects HCV pathogenesis are still unclear. However, it is well-known that the IL-28B gene codes for cytokine IL-28B also known as interferon (IFN)  -3, which belongs to the type Ⅲ IFN family. IFN- is mainly produced by macrophages and DCs in response to viral proteins and plays an important role in antiviral responses to hepatitis C[30,113]. IFN  receptors are predominantly expressed on hepatocytes, which may explain its ability to counteract hepatotropic viruses[114]. Therefore, stimulation of IFN  receptors on hepatocytes by IFN- secreted by DCs induces ISGs[115] which have the ability to suppress viral replication and protein synthesis of HCV[116]. Additionally, IFN- promotes differentiation of monocyte-derived dendritic cells (DCs) with high PD-L1 expression and further promoted expansion of Treg cells[117] locally and suppressed the inflammatory responses in the liver. Recent data by our laboratory (Hetta et al, 2014 submitted) as well as others[118] identified a correlation between IL28B SNP rs12979860 genotype TT’s and Treg frequencies. The mechanism responsible for elevated Treg in patients with TT genotype may be related to the precise location of rs12979860 in the promoter region of the IL-28B gene. The promoter region plays an important role in gene expression, and the TT genotype might favor increased IL-28B expression in turn resulting in higher Treg frequencies. In support of the relationship between IL-28B phenotypes, Treg frequency, and HCV pathogenesis, recent reports found elevated Treg in acute HCV as a predictor for viral persistence and CHC as well as increased levels of IFN-, IL-28, and IL-29 in serum in chronic HCV patients[117]. 

The association between IL-28B polymorphism and SVR in genotype 2 and 3 infected patients has produced mixed results making its clinical utility less clear. For instance, one study found IL-28B polymorphism to be associated with SVR in patients infected by genotype 2/3 HCV in whom RVR was not achieved[119]. On the other hand, in a study of hepatitis C Genotype 3 infected patients, rs12979860 SNP genotype C/C did not correlate with SVR to PEG-IFN/ribavirin therapy[120]. The majority of studies to this point have focused on IL-28B SNPs in HCV Genotype 1, 2, and 3. The clinical utility of IL-28B testing is probably best served in HCV genotype 1 infected-patients for prediction of outcomes and to limit expenses and side effects associated with IFN-based therapy[110]. 
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Figure 1  Link between Gut and hepatic immune responses in hepatitis C virus infection. Hepatitis C virus (HCV) replicates in the Gut B cells and macrophages and stimulates Treg cells. Colonic Treg cells migrate to the liver and inhibit immune responses to HCV infection, and inhibit liver inflammation and fibrosis.
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