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Background. The polymorphisms of IFNL4 are strongly associated with both spontaneous hepatitis C virus clearance and response to peg-IFN-/ribavirin treatment.

To further establish the biological effects of the IFNL4 and rs12979860 variations, we studied the activity of liver immune cells.

Methods. Fresh liver samples were collected from HCV-infected patients before any treatment and from NASH patients as controls. Degranulation activity of each lymphocyte type was assessed by the surface expression of CD107a. IFNL4 polymorphisms and HCV genotypes were determined.

Results. In liver, frequency of CD107a + immune cells was significantly higher in HCVpatients compared to NASH patients. Higher degranulation activity was observed in lymphocytes of HCV patients with favorable IFNL4 genotypes compared to patients with unfavorable genotypes. Multivariate regression analyses indicated that serum ALT levels were dependent on both Metavir Activity score and frequency of CD107a positive NKT cells. The high level of degranulation activity observed before treatment was associated with a high HCV RNA decline at the early stage of peg-IFN-/ribavirin treatment in patients with favorable genotypes.

Conclusions. These data underline that intra-hepatic lymphocyte degranulation activity in HCV-infected patients is associated with IFNL4 polymorphisms and contributes to the clearance of HCV in patients with favorable genotypes under antiviral therapy.
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Introduction

Chronic hepatitis C virus (HCV) infection remains a global health burden affecting more than 170 million people worldwide. It is a leading cause of chronic liver diseases and eventually leads to progression of cirrhosis, end -stage liver disease and primary liver cancer and is the leading indication of liver transplantation in developed countries. The main route of transmission of HCV infection is via blood transfusion and contact with blood derived products. Shortly, after discovery of HCV in 1989, the first generation testing has been developed for blood screening to significant reduce newly incidence of HCV infection in developed countries. Over past 25 years, a series of studies about viral biology characteristics, physiopathology as well as antiviral drugs have been developing strongly and rapidly in frontiers against HCV. Although with advent in detailed understanding on both viral factors and immune responses, but, a prophylactic vaccine

is not yet available. Current therapy based on peg-IFN and Ribavirin (RBV) regimen only achieved a sustained virological response in an half of HCV-1 infected patients and up to 80-90% of patients with HCV genotype 2 and 3, respectively. In 2011, with the approval of the first two NS3-4A protease inhibitors for use in combination with peg-IFN and RBV in patients infected with HCV-1 improved SVR up to 79%. An emerging treatment for hepatitis C is very promising and several new antiviral drugs including direct acting agents (DAAs) and host-targeted agents (HTAs) as well as new regimens with interferon or without interferon are in the final step of clinical trials. Thus, therapy based on interferon and RBV is still cornerstone of treatment regimen in near future before interferon free regimens become available. However, treatment costs of combination therapy of peg-IFN and RBV are quite expensive and associated with poor tolerability and significant toxicity of drugs. It therefore is very important to identify pre-treatment factors for predicting of treatment outcome. In 2009, a key discovery associated with single nucleotide polymorphisms around the interferon lambda 3 gene (IFNL3, formerly known as IL28B), which encode for IFN-3 has been as an important predictor of both in response to treatment based on peg-IFN and ribavirin and spontaneous clearance of HCV. Most recently, a functional variant ss469415590TT/ G upstream of IFNL3 was discovered in relationship to the outcome of HCV infection.

However, biological mechanisms of these polymorphisms influencing on antiviral immune responses were yet unclear. In general, it is accepted that the host's immune responses including both innate and adaptive immune responses play pivotal roles in viral controlling and finally clearance. Over recent years, immune responses in the liver received more interests of research in the context of HCV infection. But, it is unclear that why some individuals could clear the virus, others did not. Thus HCV infection is still a topic receiving much more interest of research both in pathobiology and in seeking new antiviral agents for the control of HCV infection on the world.

Chapter 1. Literature review I. Overview of HCV.

Epidemiology of HCV infection

Hepatitis C virus infection is epidemic in many countries and is one of the most common infectious diseases on the world and the WHO estimates that about 130 -170 million people (2.2-3% of the world population) chronically infected with HCV with long term complications such as chronic hepatitis, cirrhosis and liver cancer. Every year, there are 3-4 million people newly infected with HCV and more than 350 000 people die from hepatitis C-related liver diseases. It poses a global disease burden for national health authorities and policies in each country in management and surveillance of hepatitis C. Over the past years, albeit considerable advances in pathobiology and treatment of hepatitis C, but there is not still an effective vaccine to prevent HCV infection so far. In addition, cost-effectiveness for treatment is quite high with current regimens, thus it reaches to an increasing socioeconomic burden and in most developing countries (Lavanchy, 2009).

The prevalence of HCV infection varies between different geographical regions and populations. The highest prevalence rates have been reported in Africa and Middle East and lower prevalence included developed countries such as in North America, Northern and Western Europe [START_REF] Hajarizadeh | Epidemiology and natural history of HCV infection[END_REF] (Figure 1.1). In Africa, Egypt is an endemic country where the highest HCV antibody prevalence up to 14.7% in the range of 15-59 years old age and 9.8 % of chronic HCV infection. Among infected individuals in the 50-59 years age group, the rate was 46.3% and 30.8% in males and females, respectively. Overall prevalence was in male higher compared with female (17.4% versus 12.2% respectively, P< 0.001) [START_REF] Guerra | HCV burden of infection in Egypt: results from a nationwide survey[END_REF].

In the USA, according to the National Health and Nutrition Examination Surveys (NHANES), the prevalence of HCV antibody was 1.6% or 4.1 million people and 1.3% or 3.2 million people with chronic HCV infection over the past period 1999-2002 and an estimated 17,000 persons were newly infected in 2010. A recent study estimated that there were at least 5.2 million individuals living with HCV and among those, approximately 1.9 million of whom unaccounted in the NHANES surveys [START_REF] Chak | Hepatitis C virus infection in USA: an estimate of true prevalence[END_REF]. Most individuals infected with HCV were born between 1945 and 1965 and the CDC's guideline recommended that all adults born during this period of time should test for HCV at least one-time without prior ascertainment of HCV risk (Smith et al., 2012b).

In Asia is where the largest population of HCV -infected persons lives since approximately 50% of people worldwide infected with HCV resides on this continent.

The prevalence of HCV was estimated about 2 % (29.8 and 18.2 million) in general population in China and India, respectively. The country having the highest prevalence is Pakistan with an estimate of 5.9% (9.4 million) in general population [START_REF] Lavanchy | Evolving epidemiology of hepatitis C virus[END_REF].

The prevalence of HCV is estimated in Vietnam approximately 3% of population equating to 2.7 million people [START_REF] Sievert | A systematic review of hepatitis C virus epidemiology in Asia, Australia and Egypt[END_REF].

The WHO estimated that the prevalence of HCV infection in Europe is 1% and low prevalence region, however several countries have higher prevalence of HCV infection > 2.5 % such as Romania, Russia and Italia. Lower prevalence rate (<1%) reported in Western and Northern Europe [START_REF] Hajarizadeh | Epidemiology and natural history of HCV infection[END_REF]. In France, the prevalence of HCV infection in adults aged 20-59 years was 1.05% and 0.71 % in 1994 and 2004, respectively. Overall HCV prevalence was 0.85% in the range of 18-80 years old age in 2004. Among infected persons, the proportion of people had HCV-RNA positive aged 10 20-59 years was 81% in 1994and 57% in 2004[START_REF] Delarocque-Astagneau | Hepatitis C Surveillance System Committee, Scientific Committee for the National Prevalence Survey of Hepatitis[END_REF]. A national hepatitis C prevention program was implemented in 1999 and renewed in 2002, reaching to reduce HCV transmission, increase screening of risk populations and improve access to treatment for HCV-infected patients [START_REF] Delarocque-Astagneau | Hepatitis C Surveillance System Committee, Scientific Committee for the National Prevalence Survey of Hepatitis[END_REF]. Prevalence: high: > 2.9%; moderate: 1-2.9% and low <1%.

Genotypes: HCV-1: North America, North and Western Europe, South America, Asia and Australia; HCV-2 and HCV-3: Europe, India and Pakistan; HCV-4: Africa and Middle East; HCV-5: South Africa; HCV-6: South East Asia. Source: Hajarizadeh, B. et al. Nature Reviews Gastroenterology and Hepatology, volume 10, no.9, September, 2013, 553-562.

Transmission patterns of HCV.

Because HCV is a blood borne disease, its main mode of transmission was through blood transfusion with unscreened donors before screening of HCV become routine in many countries. Despite advances of blood screening means and blood derived products as well as significant improvement of antiviral therapy for hepatitis C, but the newly cases of HCV infection are still increasing throughout the world. Injection drug use (IDU) and unsafe therapeutic injections are now the dominant routes of HCV transmission in most countries. Other routes such as sexual intercourse, medical procedures, and parental transmission reported with a smaller proportion of cases.

While in most developed countries injection, drug use is the predominant source of new HCV infections, in the developing world, unsafe therapeutic injection procedures and transfusions are likely to be the major modes of transmission, especially in countries where age-specific seroprevalence rates suggest the ongoing increased risk of HCV infection [START_REF] Shepard | Global epidemiology of hepatitis C virus infection[END_REF]. In the developed countries such as USA and Australia where accounting for 68% and 80% of current infections, respectively [START_REF] Alter | Prevention of spread of hepatitis C[END_REF], [START_REF] Dore | Epidemiology of hepatitis C virus infection in Australia[END_REF]. In France, the HCV seroprevalence is reported (59.8%) among DUs under 30 ages [START_REF] Jauffret-Roustide | A national cross-sectional study among drug-users in France: epidemiology of HCV and highlight on practical and statistical aspects of the design[END_REF].

Biological characteristics of HCV

Morphology and genome structure

HCV belongs to Hepacivirus genus within the Flaviviridae family which also includes classical flaviviruses such as yellow fever and dengue and tick-borne encephalitis viruses. It is a small, spherical and enveloped virus of 55-65 nm in diameter, which has a single-stranded positive RNA genome with high genetic variability [START_REF] Pawlotsky | Pathophysiology of hepatitis C virus infection and related liver disease[END_REF].

HCV has at least 6 principal genotypes (numbered from [1][2][3][4][5][6] that differ in their nucleotide sequences by 31-33%, and in their amino acid sequences by ~ 30% and more than 50 subtype that are denoted by lower-case letters (1a, 1b, 2a, 2b, … and so on) with divergence in their nucleotide sequence from 20% to 25% [START_REF] Simmonds | Consensus proposals for a unified system of nomenclature of hepatitis C virus genotypes[END_REF]. There is a different distribution of HCV genotypes between geographical regions of the world (Figure 1.1). Infections with HCV genotype 1 are more common and the broadest distribution throughout the world, whereas genotype 2 and genotype 3 viruses are more prevalent in developed countries. Genotypes 4, 5 and 6 have more specific geographical distribution. Genotype 4 is found predominantly in Africa and the Middle East, especially in Egypt where up to 90% of infected individuals carrying HCV genotype 4. Genotype 5 is almost exclusively found in South Africa. Genotype 6 is endemic in South East Asia and is also highly prevalent in Hong Kong and Southern China [START_REF] Hajarizadeh | Epidemiology and natural history of HCV infection[END_REF].

In France, the prevalence of HCV genotype 1 is frequent (57%), genotype 2 (9.3%), genotype 3 (20.8%), genotype 4 (8.9%), genotype 5 (2.7%), genotype 6 (0.2%) and mixed genotypes (0.9%) [START_REF] Martinot-Peignoux | Hepatitis C virus genotypes in France: relationship with epidemiology, pathogenicity and response to interferon therapy. The GEMHEP[END_REF]. In another report, it was found that the HCV subtype 1b was the most common (40.4%), followed by genotype 3 (16%), genotype 2 (10.4%), genotype 4 (4.1%) and genotype 5 or 6 (1.2%) [START_REF] Payan | Changing of hepatitis C virus genotype patterns in France at the beginning of the third millenium: The GEMHEP GenoCII Study[END_REF].

The genome structure of HCV consists of 9.600 base pairs containing a long one open reading frame (ORF) and highly conserved untranslated regions (UTRs) (Figure 1.2). These UTRs are essential for translation process and genome replication, whereas the 5' UTR includes an internal ribosome entry site (IRES) that binds the 40S ribosomal subunit and initiates translation process of viral genome in a cap-independent manner.

The ORF encodes for a polyprotein of approximately 3000 amino acids. This polyprotein is co and post-translationally processed by both cellular and viral proteases at the level of the endoplasmic reticulum (ER) membrane to yield 10 mature proteins including structural and non-structural proteins. The structural proteins which constitute the viral particles including protein core (C) and the envelope glycoproteins E1 and E2. These proteins are released by host-cell signal peptidases. The non-structural proteins are designated as NS2, NS3, NS4A, NS4B, NS5A and NS5B. They are joined to the structural proteins by the short membrane peptide p7 (viroporin) [START_REF] Penin | Structural biology of hepatitis C virus[END_REF]. [START_REF] Moradpour | Hepatitis C virus proteins: from structure to function[END_REF]. The envelope glycoproteins E1 and E2 are type I transmembrane proteins with an Nterminal ectodomain (~160 and ~360 aa for E1 and E2, respectively). They play pivotal roles at different steps of the HCV life cycle, including the assembly of the infectious particle, virus entry, and fusion with the endosomal membrane [START_REF] Moradpour | Hepatitis C virus proteins: from structure to function[END_REF]. The nonstructural proteins include p7, NS2-3, NS3-4A, NS4B, NS5A, and NS5B.

HCV p7 protein is a 63-amino-acid polypeptide that is often incompletely cleaved from E2. It is not required for RNA replication in vitro but is essential for the assembly and release of infectious HCV in vitro as well as productive infection in vivo. The NS2 and NS3 are serine protease, also known as the autoprotease. They are dispensable for RNA replication in vitro but is essential for the complete replication cycle in vitro and in vivo [START_REF] Moradpour | Replication of hepatitis C virus[END_REF]. NS3-4A complex, NS3 is a multifunctional protein, with a serine protease located in the N-terminal one-third and an RNA helicase/NTPase located in the C-terminal two-thirds of the protein. The NS4 protein is the polypeptide and its functions as a cofactor for the NS3 serine protease. The NS3-4A serine protease has emerged as a prime target for the design of specific inhibitors as direct antiviral acting agents [START_REF] Lamarre | An NS3 protease inhibitor with antiviral effects in humans infected with hepatitis C virus[END_REF]. NS4B is a relatively poorly characterized, hydrophobic 27 kDa protein of 261 aa. Its function forms membrane web which serves as a scaffold for the HCV replication complex [START_REF] Moradpour | Replication of hepatitis C virus[END_REF]. NS5A is a phosphoprotein that can be found in basally phosphorylated (56 kDa) and hyperphosphorylated (58 kDa) forms. It is a 447-aa membrane-associated phosphoprotein that plays an important role in modulating HCV RNA replication and particle formation NS5B [START_REF] Moradpour | Replication of hepatitis C virus[END_REF]. HCV replication proceeds by the synthesis of a complementary negative-strand RNA using the genome as a template and the subsequent synthesis of genomic positive-strand RNA from this negative-strand RNA template. The key enzyme responsible for both of these steps is the NS5B RdRp [START_REF] Moradpour | Replication of hepatitis C virus[END_REF]. NS5B has emerged as a major target for the development of antiviral intervention [START_REF] Bartenschlager | The molecular and structural basis of advanced antiviral therapy for hepatitis C virus infection[END_REF].

HCV lifecycle and replication

HCV is a hepatotropic virus and the major site of HCV replication is liver in human and chimpanzees. Although hepatocytes are main target cells of HCV, however it is difficult to determine how many hepatocytes within the infected liver support productive replication. HCV has also been reported to infect numerous other cell types, including B cells, dendritic cells (DC), and other peripheral blood mononuclear cells [START_REF] Pachiadakis | Is hepatitis C virus infection of dendritic cells a mechanism facilitating viral persistence?[END_REF], [START_REF] Muratori | Quantification of hepatitis C virus-infected peripheral blood mononuclear cells by in situ reverse transcriptase-polymerase chain reaction[END_REF], [START_REF] Bain | Impaired allostimulatory function of dendritic cells in chronic hepatitis C infection[END_REF]. HCV enters into the hepatocytes by binding multiple cellular receptors including CD81, a tetraspanin protein that is found on the surface of many cell types, the low density lipoprotein receptor (LDLR), scavenger receptor class B type I (SR-BI) and most recently, the two junction proteins claudin 1 (CLDN1) and occluding (OCLN) [START_REF] Zeisel | Hepatitis C virus entry into hepatocytes: molecular mechanisms and targets for antiviral therapies[END_REF]) (Figure 1.3). After binding with cellular surface receptors, HCV enters the host cells through receptor-mediated endocytosis mechanism in a clathrin -dependent manner [START_REF] Blanchard | Hepatitis C virus entry depends on clathrin-mediated endocytosis[END_REF].

Following nucelocapside is released into the cytoplasm and the RNA genome is uncoated, the RNA is translated at the rough endosomal reticulum (ER). RNA synthesis is catalysed by the viral RdRp activity of NS5B and supported by other viral NS proteins, as well as by host factors, including cyclophilin A (CYPA; also known as PPIase A) and the microRNA miR-122 [START_REF] Bartenschlager | The molecular and structural basis of advanced antiviral therapy for hepatitis C virus infection[END_REF]. After synthesis of a negative-sense RNA intermediate, multiple positive-sense progeny RNAs are generated from this template and either used for RNA translation and replication or incorporated into virus particles. The latter process might initiate on the surface of lipid droplets that are targeted by the HCV core protein [START_REF] Miyanari | The lipid droplet is an important organelle for hepatitis C virus production[END_REF]. The final steps of replication are nucleocapsid assembly-incorporating the new genomic strand-and envelope encapsidation. This likely occurs within vesicles that subsequently migrate to the cell membrane to release the mature virus particles. The replication of HCV is a very dynamic process and it is estimated 10 12 virions are produced and released per day in an infected individual [START_REF] Moradpour | Replication of hepatitis C virus[END_REF], [START_REF] Bartenschlager | Assembly of infectious hepatitis C virus particles[END_REF]. 

Natural history of HCV infection

Acute hepatitis C

After exposure to HCV, HCV-RNA may be detectable in serum after 7 -21 days and an acute infection can occur within 5 -12 weeks and lasts from 2 -12 weeks [START_REF] Orland | Acute hepatitis C[END_REF]. However, the duration of the incubation period can last longer depending on different transmission routes. During the acute phase of HCV infection, the majority of infected individuals have either no symptoms or mild clinical manifestations and an estimated 54 to 86% of infected adult persons will progress to chronic HCV infection [START_REF] Wiegand | Treatment of acute hepatitis C: the success of monotherapy with (pegylated) interferon alpha[END_REF]. Only about 10 -20% patients develop clinical symptoms such as fatigue, loss of appetite, malaise, myalgia, low-grade fever, right upper quadrant pain, nausea, or vomiting and jaundice [START_REF] Maheshwari | Acute hepatitis C[END_REF]. However, these signs are unspecific. Hepatitis C infection associated -fulminant hepatitis has been also reported but it was very rare in contrast to infections with other hepatotropic viruses, especially in patients which are coinfected with HBV and HDV [START_REF] Jayakumar | Fulminant viral hepatitis[END_REF]. Along with the onset of clinical symptoms, liver damage expressed by the elevation of liver enzymes such as aminotransferase (alanine transferase: ALT and aspartate transferase: AST) and gamma glutamyl transferase (GGT) as well as serum HCV -RNA rises rapidly during the Þrst few weeks and then delayed increase of serum ALT (Maasoumy and Wedemeyer, 2012) (Figure 1.4). The elevation of serum ALT level usually reaches more than 10 folds the upper limits of normal and eventually the presence of HCV-specific antibodies within 20-150 days of exposure (Hajarizadeh et al., 2013b). Therefore, the diagnosis of acute hepatitis C is based on an identiÞable exposure documented to HCV (for example, recent needle-stick exposure, injection drug use…), recent seroconversion and the marked elevation of liver enzymes which except by other causes of acute hepatitis [START_REF] Maheshwari | Acute hepatitis C[END_REF], [START_REF] Hajarizadeh | Case definitions for acute hepatitis C virus infection: a systematic review[END_REF]. Since the first generation of anti-HCV antibody testing was introduced in 1990 for serological screening assay reaching to significant reduction of newly infected cases via blood transfusion [START_REF] Dawson | Detection of antibodies to hepatitis C virus in U.S. blood donors[END_REF], [START_REF] Donahue | The declining risk of post-transfusion hepatitis C virus infection[END_REF]. The detection of anti-HCV antibodies in serum by enzyme immunoassay for diagnosis of acute hepatitis C is an unreliable way. It is only used as the Þrst step to screen for HCV infection. Because the appearance of antibodies against HCV can be also delayed particularly in immunocompromised individuals, therefore they could be incapable of mounting an effective antibody response. Hence, all exposed patients should be recommended for HCV-RNA testing. The detection of serum HCV -RNA by molecular tests is still the most accurate and specific method for diagnosis of acute hepatitis C [START_REF] Boesecke | Diagnosis and treatment of acute hepatitis C virus infection[END_REF], [START_REF] Kamili | Laboratory diagnostics for hepatitis C virus infection[END_REF]. Although patients with clinical symptoms may be detected, but there remain a large number of patients without symptoms, thus they were not aware of disease status and a large number of acute infected individuals are missing diagnosed and is a potential source for HCV transmission.

The outcome of acute HCV infection varies considerable in patients with or without clinical symptoms. A spontaneous HCV clearance can be defined as serum undetectable HCV-RNA within 3 -4 months after the onset of acute infection which reported up to 67% (8/12) in small cohort of symptomatic patients [START_REF] Hofer | Spontaneous viral clearance in patients with acute hepatitis C can be predicted by repeated measurements of serum viral load[END_REF]. In another follow-up cohort, including 60 patients, 51 among of them had acute symptomatic hepatitis and the spontaneous viral rate of clearance was 52% (24/46 patients with acute symptomatic hepatitis C) and there was no patient cleared the virus spontaneously among 9 patients without clinical symptoms. There are only about 25% of acute hepatitis C monoinfection could clear the virus spontaneously and around 85 % of infected individuals develop a persistent infection [START_REF] Gerlach | Acute hepatitis C: high rate of both spontaneous and treatment-induced viral clearance[END_REF]. Most recently, in a follow-up cohort of acute hepatitis C showed that the spontaneous clearance of HCV only occurred in 173/632 (25%) and at one year following infection. Among those with clearance, the median time to clearance was 16.5 weeks, with 34%, 67% and 83% demonstrating clearance at three, six and twelve months, respectively (Grebely et al., 2014). 

Chronic hepatitis C

The hepatitis C virus is a pathogen which is remarkably successful in establishing a chronic infection up to 85% of those who contract it by evading the host immune system (Figure 1.5). Chronic HCV infection was defined as persistence of HCV-RNA more than 6 months after onset of acute infection (European Association For The Study Of The Liver, 2013). Once the chronic HCV infection was established, the spontaneous viral clearance is very rare and the majority of these infected patients will progress to cirrhosis within 10 -20 years and eventually to hepatocellular carcinoma with rate about 1-4% per year in patients with liver cirrhosis. Natural chronic HCV infection course is highly variable and generally progresses slowly, with limited advanced liver disease in the initial 10-15 years of infection (even in individuals with cofactors for fibrosis progression). Thus, the duration of chronic HCV infection and the patient's age are key determinants of morbidity and mortality [START_REF] Seeff | Natural history of chronic hepatitis C[END_REF]. Source: Di Bisceglie. Hepatology, volume 31, no 4, april, 2000; 1014-1018 

Clinical presentation

Patients with chronic hepatitis C may present symptoms such as right abdominal discomfort, nausea, fatigue, myalgia, arthralgia or loss of weight. However, all of these clinical signs are uncommon and are not associated with severity of liver injury. Most of the liver-related symptoms are restricted to advanced liver cirrhosis. The diagnosis of chronic hepatitis C is based on the detection of both serum HCV antibodies and HCV -RNA along with clinical signs of chronic hepatitis, either by elevated aminotransferases or by histopathology [START_REF] Maheshwari | Acute hepatitis C[END_REF].

Chronic HCV infection has not only effects on the liver pathology but also may cause extrahepatic manifestations (EHM) [START_REF] Jacobson | Manifestations of chronic hepatitis C virus infection beyond the liver[END_REF]. There are about 40 -70% of HCV infected -patients develop at least one EHM during their lifetime (Zignego et al., 2007). The most common extrahepatic manifestation of HCV infection reported today is mixed cryoglobulinemia (MC) [START_REF] Paredes | Extrahepatic Manifestations of Hepatitis C Virus Infection: Mixed Cryoglobulinemia and Beyond[END_REF]. Mixed cryoglobulinemia (MC) is a systemic vasculitis caused by the presence of cryoglobulins in the blood. The prevalence of patients having cryoglobulin in their serum ranges from 19 to 55 % [START_REF] Wong | Incidence, character and clinical relevance of mixed cryoglobulinaemia in patients with chronic hepatitis C virus infection[END_REF]. The majority of patients with MC have usually not clinical symptoms and the natural history of chronic HCV infection is not influenced by the presence of cryoglobulins [START_REF] Viganò | Natural history and clinical impact of cryoglobulins in chronic hepatitis C: 10-year prospective study of 343 patients[END_REF]. An association of chronic HCV infection with B cell lymphoproliferative disorder can occur in patients with or independent of MC. About 8% to 15% of MC patients progress to lymphoma and the most common rate observed in non-Hodgkin's lymphoma patients [START_REF] Gisbert | Prevalence of hepatitis C virus infection in B-cell non-Hodgkin's lymphoma: systematic review and meta-analysis[END_REF]. Other EHMs include fatigue syndrome without relating to the severity of hepatitis, depression and general cognitive impairment also reported which may be linked to HCV-induced neuroinflammation and brain dysfunction [START_REF] Bokemeyer | Evidence for neuroinflammation and neuroprotection in HCV infection-associated encephalopathy[END_REF].

Diagnosis and serological and HCV-RNA assays

Patients with suspected clinical symptoms of chronic hepatitis such as fatigue, anorexia, jaundice, hepatomegaly, serum persistently elevated ALT or in high-risk populations such as injection drug users, those with HIV positive or those on hemodialysis were recommended for making anti-HCV testing to screen HCV (European Association For The Study Of The Liver, 2013). The presence of anti-HCV antibodies indicates exposure to the HCV, but it could not differentiate between acute, persistent, or resolved infection.

The detection of anti-HCV antibodies by enzyme immunoassay (EIA) assays were first introduced in 1990 for blood donors screening to reduce the risk of acquiring HCV infection via blood transfusion and using products derived from blood. The latest generation of EIA assays can detect anti-HCV antibodies as soon as 7-8 weeks after exposure with HCV in the window period with more than 99% of sensitivity and specificity [START_REF] Colin | Sensitivity and specificity of third-generation hepatitis C virus antibody detection assays: an analysis of the literature[END_REF], (Smith et al., 2012a).

Virological assay to detect HCV-RNA, indication of ongoing HCV infection, beside accurate confirmation of HCV infection, it plays a critical role in monitoring antiviral treatment response. HCV -RNA can be detected by highly sensitive qualitative and quantitative assays. Qualitative assay is used to confirm the presence or absence of the virus by using polymerase chain reaction (PCR) or transcription-mediated amplification (TMA). It is generally used to detect the clearance of virus after successful antiviral therapy, in immunosuppressed patients with seronegative assay, in surveillance of babies born from HCV-infected mothers as well as to test a low HCV-RNA in blood donors in particular with acutely infected donors in "window" period before having seroconversion, whereas quantitative assay used more common to monitor antiviral therapies particularly 4 and 12 weeks after the beginning of treatment. Target ampliÞcation techniques such as real-time -PCR or TMA are recognized as the useful methods of choice for HCV infection diagnosis and monitoring in recent guidelines (European Association For The Study Of The Liver, 2013), [START_REF] Ghany | Diagnosis, management, and treatment of hepatitis C: an update[END_REF]. There are many commercial quantitative assays become available with low limits of detection approximately 10-15UI/ml and high specificity [START_REF] Chevaliez | New virologic tools for management of chronic hepatitis B and C[END_REF].

Pathology classification of chronic hepatitis C: In reality of clinical practice, the liver biopsy plays an important role not only in confirming the diagnosis of chronic hepatitis C but also it is frequently used to assess the severity of liver disease including the stage and grade. The classification systems for chronic hepatitis C have been well characterized. The most common scoring system used in clinical practice in Europe is the Metavir system developed by hepatologist in France. The Metavir score is a semiquantitative classification system including a histology activity and a fibrosis score. This score is composed of a two-letter and two-number coding system: A = histological activity (A0 = no activity, A1 = mild activity, A2 = moderate activity, and A3 = severe activity), and F = fibrosis (F0 = no fibrosis, F1 = portal fibrosis without septa, F2 = portal fibrosis with rare septa, F3 = numerous septa without cirrhosis, and F4 = cirrhosis) [START_REF] Bedossa | An algorithm for the grading of activity in chronic hepatitis C. The METAVIR Cooperative Study Group[END_REF].

Cirrhosis and hepatocellular carcinoma

The natural course of chronic HCV infection is often slow progression, usually over decades and more prolonged infection particularly in an older population. It has been shown that chronic HCV infection progresses from stage F0 (F0: no fibrosis) to stage F4 (F4: Cirrhosis) taking place at approximately 0.10-0.15 fibrosis units (median) per decade [START_REF] Marcellin | Fibrosis and disease progression in hepatitis C[END_REF]. Among patients with chronic hepatitis C, cirrhosis will develop in 10% to 25% and HCC in 1% to 5% over a period of 20-30 years (Lok et al., 2009). Many factors have been demonstrated to be associated with disease progression such as age, gender, alcohol intake, aminotransferase levels. Indeed, patients initiated at an older age (>40 ages), male sex, elevated ALT level, excessive alcohol consumption (>50g/day) are associated with increased risk of fibrosis progression, whereas viral load and HCV genotype do not seem to inßuence signiÞcantly the progression rate. Hepatic steatosis, obesity, diabetes, insulin resistance and co-infected with HBV also impact on more rapid progression of fibrosis [START_REF] Marcellin | Fibrosis and disease progression in hepatitis C[END_REF]. The host genetic polymorphisms have been also reported as risk factors associated with fibrosis progression in chronic HCV infection [START_REF] Powell | Host genetic factors influence disease progression in chronic hepatitis C[END_REF], [START_REF] Patin | Genome-wide association study identifies variants associated with progression of liver fibrosis from HCV infection[END_REF].

HCV increases the risk for HCC by inducing Þbrosis and then reaching to cirrhosis.

Once cirrhosis is established in patients with chronic HCV infection, the rate of HCC development occurs 2-4 % every year and higher rate reported in Japanese population [START_REF] El-Serag | Epidemiology of Viral Hepatitis and Hepatocellular Carcinoma[END_REF]. It is increasing incidence of HCC among patients with chronic hepatitis C. In a current cohort, the prevalence of HCC has been to increase approximately 20fold (0.07% in 1996 to 1.3% in 2006) [START_REF] Kanwal | Increasing prevalence of HCC and cirrhosis in patients with chronic hepatitis C virus infection[END_REF]. Factors associated with HCVinduced HCC are similar to the risk factors of liver fibrosis and cirrhosis progression.

Patients with older age, high levels of alcohol intake, male sex are high risk of HCC development related to HCV [START_REF] Lok | Incidence of hepatocellular carcinoma and associated risk factors in hepatitis C-related advanced liver disease[END_REF]. It has been shown that HCC is one of the most feared complications in patients with chronic hepatitis C. It is a leading indication for liver transplantation in the US and Western countries and is the most effective approach for current treatment of HCC (O'Leary et al., 2008).

II. Immune responses in HCV infection

Innate immune responses in HCV infection

Interferon system responses to HCV

The immune response plays a critical role in controlling HCV infection and the innate immunity is the first line of defence against HCV (Dustin and Rice, 2007). The interferons (IFNs) are the central cytokines responsible for the induction of an antiviral state in cells and for activation and regulation of the cellular components of the innate immune system including natural killer cells (NK) and dendritic cells (DCs) [START_REF] Bonjardim | Interferons (IFNs) are key cytokines in both innate and adaptive antiviral immune responses--and viruses counteract IFN action[END_REF]. The interferon system consists of type I -IFN (IFN-, IFN-, IFN-) and type III-IFN (IFNL1, IFNL2, IFNL3 and newly, IFNL4), whereas type II-IFN has only a unique member; IFN-, which is produced by natural killer (NK), natural killer T (NKT) cells and activated T cells (CD4+ Th1 and CD8+ cytotoxic T lymphocytes). The type I-IFNs are produced in by most cell types in the body and act through equally broadly expressed receptor [START_REF] Swiecki | Type I interferons: diversity of sources, production pathways and effects on immune responses[END_REF]. In contrast, the type III-IFNs are produced by several cells, which originate from epithelial cells including hepatocytes [START_REF] Kotenko | IFN-s[END_REF]. The type I and type III-IFNs share an antiviral state via the Jak/STAT signal pathway that trigger expression of hundreds of IFN stimulated genes, some of whose products have direct antiviral activities within in the cell; others promotes the adaptive immune response or control cell proliferation [START_REF] Levy | Induction and function of type I and III interferon in response to viral infection[END_REF], whereas, the type II-IFN induced gene set is more distinct via two members of the Janus family tyrosine kinases, Jak-1 and Jak-2 (Schroder et al., 2004) (Figure 1.6). The role of type I-IFN during HCV infection is mostly based on animal model in chimpanzees. After HCV infection, the transcription of IFNresponse genes increased in the liver. A number of these genes, including protein kinase R (PKR), MxA protein, ISG-15, RnaseL/2,5-OAS pathway and RNA helicases, which collectively serve to inhibit viral replication and induce apoptosis in infected hepatocytes [START_REF] Barth | Both innate and adaptive immunity mediate protective immunity against hepatitis C virus infection in chimpanzees[END_REF]. Many studies have shown that the expression of ISGs as predictive factor of treatment outcome based on peg-IFN-/RBV therapy with patients having a higher hepatic expression of ISGs are associated with failure to peg-IFNbased antiviral therapy [START_REF] Heim | Innate immunity and HCV[END_REF]. Beside antiviral activities, The IFNs also play an important role in the activation of various immune effector cells, including NK cells, macrophages, DCs and T cells, thereby linking innate and adaptive immune responses [START_REF] Bonjardim | Interferons (IFNs) are key cytokines in both innate and adaptive antiviral immune responses--and viruses counteract IFN action[END_REF]. Type I (IFN-and IFN-) and type III (IFN-s) IFNs bind to distinct receptors, but activate the same downstream signaling events, and induce almost identical sets of genes mainly through the activation of IFN-stimulated gene factor 3 (ISGF3) and STAT1 homodimers. IFN-(the only type II IFN) activates STAT1, but not ISGF3, and induces a partially overlapping but distinct set of genes. GAS: gamma activated sequence.

Source: Markus Heim, Journal of Hepatology, volume. 58, January, 2013, 564-574

Innate immune cells

Natural killer and natural killer T cells NK cells are a major component of the innate immune system and they are believed to play an important role in the first lines of defense of innate immunity against HCV [START_REF] Cheent | Natural killer cells and hepatitis C: action and reaction[END_REF]. These cells constitute about 10-20% lymphocytes in peripheral blood and are abundant in the liver up to 50% of intrahepatic lymphocytes.
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NK cells are defined as the expression of CD56, CD16 and CD3 negative. They are subdivided into CD56bright CD16+/ and CD56dimCD16+NK cells with different functional profile. When activated, NK cells are able to kill virus infected hepatocytes by cytotoxic molecules such as perforin and granzymes, or produce cytokines (IFN gamma and TNF) that might inhibit viral replication as well as activate DCs and T cells. NK cell activity is stringently controlled by surface inhibitory and activation receptors that engage to their ligands on target cells and this initiates a functional response. These receptors include killer cell immunoglobulin like receptors (KIR), lectin like receptors (including NKG2A-F), and natural cytotoxicity receptors NKp30, NKp44, NKp46) (Figure 1.7). KIRs and lectin like receptors are both activating and inhibitory function, while natural cytotoxicity receptors have only activating function [START_REF] Vivier | Functions of natural killer cells[END_REF]. During acute phase of HCV infection, several studies show that increased expression of the activating receptor NKG2D, and enhanced IFN -production, degranulation and cytotoxicity [START_REF] Amadei | Activation of natural killer cells during acute infection with hepatitis C virus[END_REF]. However, NK cells in chronic HCV infection are decreased both in number and function observed both in peripheral blood and within the liver [START_REF] Morishima | Decreased NK cell frequency in chronic hepatitis C does not affect ex vivo cytolytic killing[END_REF], [START_REF] Dessouki | Chronic hepatitis C viral infection reduces NK cell frequency and suppresses cytokine secretion: Reversion by anti-viral treatment[END_REF], [START_REF] Varchetta | Impaired intrahepatic natural killer cell cytotoxic function in chronic hepatitis C virus infection[END_REF], [START_REF] Zeromski | NK cells prevalence, subsets and function in viral hepatitis C[END_REF]. help the polarization of the T helper cells response [START_REF] Liu | Dendritic cell subsets and lineages, and their functions in innate and adaptive immunity[END_REF]. During HCV infection, the numbers and function of both peripheral mDCs and pDCs are reduced and impaired ability to stimulate allogeneic CD4 T cells and to produce cytokines such as IL-12 p70

and interferon-alpha as compared with healthy volunteers (Bain et al., 2001b). It has been

shown that the numbers of mDCs and pDCs in the livers of patients with chronic HCV infection were markedly increased, as compared with control individuals [START_REF] Kanto | Reduced numbers and impaired ability of myeloid and plasmacytoid dendritic cells to polarize T helper cells in chronic hepatitis C virus infection[END_REF]. Another study has demonstrated that the combination of enhanced mDC function and a reduced number of intrahepatic pDCs in HCV-infected patients may contribute to viral persistence in the face of persistent inßammation [START_REF] Lai | Hepatitis C is associated with perturbation of intrahepatic myeloid and plasmacytoid dendritic cell function[END_REF]. Recently, several studies have shown that DCs are the main source of IFN-and IFN -production and amplify interferon-alpha in response to HCV infection [START_REF] Zhang | Human type 2 myeloid dendritic cells produce interferon-and amplify interferon-in response to hepatitis C virus infection[END_REF]. DCs are potential component for development of immunotherapy and therapeutic vaccination strategies for patients with chronic HCV infection [START_REF] Gowans | A phase I clinical trial of dendritic cell immunotherapy in HCVinfected individuals[END_REF].

Adaptive immune responses in HCV infection

Adaptive immune responses include humoral immune responses and cellular immune responses play key role in determining the immunopathogenesis and the outcome of HCV infection (Dustin and Rice, 2007).

Neutralizing antibodies response to HCV

After initial exposure to HCV, virus -specific antibodies could be detected in serum within several weeks and persist a long time in individuals with chronic infection [START_REF] Alter | Detection of antibody to hepatitis C virus in prospectively followed transfusion recipients with acute and chronic non-A, non-B hepatitis[END_REF]. During HCV infection, neutralizing antibodies (nAb) are able to prevent virus binding, entry or post-entry steps into hepatocytes, however, they have no antiviral activities and protect against HCV reinfection [START_REF] Zeisel | Host neutralizing responses and pathogenesis of hepatitis C virus infection[END_REF]. Early studies on the role of nAb in spontaneous clearance of HCV remain controversial. The first evidence about the role of nAb responses based on the chimpanzee animal model of HCV infection [START_REF] Farci | Prevention of hepatitis C virus infection in chimpanzees after antibody-mediated in vitro neutralization[END_REF]. Other studies in HCV-infected humans failed to show any clear association between the presence of nAb in the acute phase of infection and viral clearance [START_REF] Netski | Humoral immune response in acute hepatitis C virus infection[END_REF], [START_REF] Logvinoff | Neutralizing antibody response during acute and chronic hepatitis C virus infection[END_REF]. More recently, with the significant advent of in vitro nAb assay by using surrogate HCV particles, several studies have indicated that nAb responses play an important role in disease outcome and might be useful components for prophylactic vaccine. In patients with acute HCV infection were associated with an early development of nAbs, while a delayed induction observed in patients with persistent infection (Figure 1.8). However, it is interesting that the viral clearance during acute phase of infection also occurs with absence of nAb [START_REF] Pestka | Rapid induction of virus-neutralizing antibodies and viral clearance in a single-source outbreak of hepatitis C[END_REF], [START_REF] Lavillette | Human serum facilitates hepatitis C virus infection, and neutralizing responses inversely correlate with viral replication kinetics at the acute phase of hepatitis C virus infection[END_REF]. These findings suggest that the role of nAb may contribute to control of HCV in the acute phase of infection and assist cellular immune responses in viral clearance. Most recently, novel targeted therapeutic strategies based on nAb binding with specific receptors on the surface of cells are very promising for the control of HCV infection [START_REF] Zeisel | Hepatitis C virus entry into hepatocytes: molecular mechanisms and targets for antiviral therapies[END_REF]. 

Cellular mediated immune responses to HCV

HCV specific -CD4+ T response

Cellular mediated-immune responses including both CD4+ T-helper cells and CD8+ cytotoxic T lymphocytes play critical role in both controls of virus and liver injury (Dustin and Rice, 2007). After primary infection with HCV, HCV -specific T lymphocyte responses appear 5 to 9 weeks and the onset of cellular immunity corresponds to a spike of elevated transaminases in serum, suggesting a transient immune-associated liver damage [START_REF] Thimme | Determinants of viral clearance and persistence during acute hepatitis C virus infection[END_REF]. The HCV specific -CD4+ T cells recognize viral antigens presented by major histocompatibility complex (MHC) class II molecules and their functional roles are direct activation of macrophages, activation of HCV-specific B cell, activation of CD8+ T cell responses to produce IFN-, increasing the expression of HLA -molecules in infected cells to enhance the immune recognition by CD8+ T cells and NK cells and direct antiviral activities by secretion of Th1 cytokines (such as IL-2, IFN-, TNF-) [START_REF] Semmo | CD4+ T cell responses in hepatitis C virus infection[END_REF]. In acute hepatitis C, early studies indicated a strong, multispecific and sustained HCV -specific CD4+ T cell response associated with viral clearance, and when these responses are weak or absent, recurrence of viremia and development of chronic infection could occur even months after apparent viral control [START_REF] Pape | Role of the specific T-cell response for clearance and control of hepatitis C virus[END_REF], [START_REF] Day | Broad specificity of virus-specific CD4+ Thelper-cell responses in resolved hepatitis C virus infection[END_REF], [START_REF] Gerlach | Recurrence of hepatitis C virus after loss of virus-specific CD4(+) T-cell response in acute hepatitis C[END_REF]. Once established chronic infection, virus -specific CD4+ T cell responses are rarely detectable. The frequency of CD4+ T cells is higher in peripheral blood from patients with spontaneous or treatment-induced viral clearance, whereas, it is very low or undetectable in patients with chronic hepatitis C. These data suggest that failure of CD4+ T cell responses is a key factor in predicting HCV persistence and it is also an important mechanism to explain CD8+ T cell failure to eradicate the virus in patients with chronic HCV infection.

HCV specific -CD8+ T cells response

CD8+ T cells recognize pathogen-derived peptides presented by major histocompatibility complex (MHC) class I molecules on the surface of infected cells [START_REF] Wong | CD8 T cell responses to infectious pathogens[END_REF]. HCV specific -CD8+ T cells play a key role in the antiviral immune response and their effector functions consist of both the cytolytic activity and non-cytolytic mechanism by producing cytokines (such as IFN-and TNF-) that lead to clear the virus and to promote liver inflammation (elevated liver enzymes) [START_REF] He | CD8+ T-cell response against hepatitis C virus[END_REF]. After acute HCV infection several weeks, CD4+ T cells responses appear in the blood and they help to CD8+ T cell-mediated effector functions to eradicate HCV. In spontaneously resolved infection, virus -specific CD8+T cell responses are maintained and persisted longer. Similar to CD4+ T cell response, the lack of virus -specific CD8+T cell response will develop a persistent infection [START_REF] Thimme | Determinants of viral clearance and persistence during acute hepatitis C virus infection[END_REF], [START_REF] Cooper | Analysis of a successful immune response against hepatitis C virus[END_REF], [START_REF] Lechner | Analysis of successful immune responses in persons infected with hepatitis C virus[END_REF]. Studies in human and chimpanzee model with acute hepatitis C indicated that the frequency of CD8+ T cells was higher as compared with CD4+ T cells in peripheral blood, whereas virus specific -CD8+ T cells are abundant in the liver [START_REF] Thimme | Viral and immunological determinants of hepatitis C virus clearance, persistence, and disease[END_REF], [START_REF] He | Quantitative analysis of hepatitis C virus-specific CD8(+) T cells in peripheral blood and liver using peptide-MHC tetramers[END_REF]. This suggests that the HCV specific -CD8+ T cells are enriched and activated in the liver to exert their functions in elimination of virus-infected hepatocytes. However, HCV is very successful in establishing a chronic infection approximately 80% of infected individuals to evade the host immune responses. When established chronic infection, HCV -specific CD8+ T cells account for 1-2% or more of peripheral blood or intrahepatic CD8+ T cells, but their functions are deficient or impaired cytolytic activity as well as reduced production of antiviral cytokines and antigen-triggered proliferation (Wedemeyer et al., 2002), [START_REF] Spangenberg | Intrahepatic CD8+ T-cell failure during chronic hepatitis C virus infection[END_REF]. Multiple mechanisms have been proposed to explain for these virus -specific CD8+ T cells failure including exhaustion of T cells, viral escape mutations, lack of virus-specific CD4+ T cells help or direct suppression of cytokines or regulatory T cells [START_REF] Thimme | Failure of innate and adaptive immune responses in controlling hepatitis C virus infection[END_REF].

Hepatic immune system and HCV infection

Microanatomy of hepatic immune system

The liver is the largest visceral organ in the abdominal cavity and its weight estimated about 1.500 grams and accounting for approximately 2% of adult body weight. The liver is responsible for many physiological functions in the body including metabolism functions of amino acids, carbohydrates, lipids, and vitamins, various excretory, detoxifying functions [START_REF] Bogdanos | Liver immunology[END_REF]. The liver's blood supply from the hepatic artery which is a branch of abdominal aorta accounting for 20% and 80% from the gut enriched with nutrients and pathogen antigens via the portal vein approximately 80% of the blood entering into the liver. About 30% of total volume of blood in the body flows through the liver each minute and bearing about 10 8 peripheral blood lymphocytes in 24 hours [START_REF] Racanelli | The liver as an immunological organ[END_REF]. Due to liver's structural and functional properties are unique, thus blood flow passes slowly through the liver and facilitates for contact of circulating immune cells with cell populations resided into the liver and in the hepatic sinusoids (Knolle and Thimme, 2014) (Figure 1.9). [START_REF] Racanelli | The liver as an immunological organ[END_REF]. The components of intrahepatic lymphocytes consist of 50% of NKT cells, 20-30% of NK cells, 23% of T cells and 5% of B lymphocytes [START_REF] Bogdanos | Liver immunology[END_REF]. Therefore, the liver is considered as a lymphoid organ and plays a critical role in the host immune responses against pathogens entering into the liver. 

Hepatic immune responses against HCV

The liver is considered as an immunologically distinct organ containing a large number of innate and adaptive immune cells, which is rich T cells, macrophages (Kuffer cells)

NK and NKT cells. These cell populations might have crucial roles in the successful elimination of pathogens in the liver and the body by immune responses [START_REF] Racanelli | The liver as an immunological organ[END_REF].

Hepatocytes comprise about 70-80% of the total cell population in the liver with main roles in metabolism, protein production and degradation of toxins [START_REF] Bogdanos | Liver immunology[END_REF].

The key location of the liver allows the hepatocytes interact directly with antigens of both food and pathogens from the gastrointestinal tract accessing to the systemic circulation via the portal vein. They also act as antigen-presenting cells to process and present antigens to the immune system [START_REF] Crispe | Liver antigen-presenting cells[END_REF]. The hepatocytes play key roles in the innate immune defenses against pathogens via pattern-recognition receptors (PRRs) that recognize speciÞc structures, called pathogen-associated molecular patterns (PAMPs) and complement components found in plasma [START_REF] Gao | Liver: An organ with predominant innate immunity[END_REF]. The presence of PAMPs induces innate immune activation in the hepatocyte, leading to eliminate pathogens and cytokine secretion such as IL-10 and TGF-. These cytokines are strong immune regulatory mediators, which influence locally on the function of lymphocytes and APCs [START_REF] Knolle | Hepatic Immune Regulation and its Involvement in Viral Hepatitis Infection[END_REF]. Recently, it has been shown that the hepatocytes contribute to antiviral immune responses by expression of innate immune effector molecules and produce the type III -interferon, which have function role in inhibiting of HCV replication [START_REF] Park | IL-29 is the dominant type III interferon produced by hepatocytes during acute hepatitis C virus infection[END_REF], [START_REF] Thomas | HCV infection induces a unique hepatic innate immune response associated with robust production of type III interferons[END_REF]. Taken together, through the production of critical immune proteins and present antigens to naïve T cells, the hepatocytes contribute to the host immune surveillance.

Intrahepatic T lymphocytes responses against HCV.

Several types of immune cells system are resident in different areas of the liver. Within a normal liver, the lymphocyte population is largely resident in the portal tract but can be also scattered throughout the parenchima [START_REF] Crispe | The liver as a lymphoid organ[END_REF]. The intrahepatic lymphocyte population is very diverse including both conventional and unconventional lymphocytes of innate and adaptive immune system. Among liver resident lymphocytes, NK cells are large granular lymphocytes that account for the highest frequency approximately 20-30% of total lymphocytes in the liver compared with 5 -6 % observed in peripheral blood [START_REF] Doherty | The human liver contains multiple populations of NK cells, T cells, and CD3+CD56+ natural T cells with distinct cytotoxic activities and Th1, Th2, and Th0 cytokine secretion patterns[END_REF]. The functions of intrahepatic NK cells are surveillance for viral infection, intracellular pathogens, killing of infected hepatocytes and malignant cells without priming of antigen recognition and lack T cell receptor and immunoglobulins.

After activated, they release cytotoxic granules containing perforin, granzyme and Fas ligand and produce antiviral cytokine such as IFN-and TNF-and initiate the adaptive immune response [START_REF] Vivier | Functions of natural killer cells[END_REF]. Liver lymphocytes are also enriched in NKT cells, which account for up to 15% of human intrahepatic lymphocytes [START_REF] Gao | Liver natural killer and natural killer T cells: immunobiology and emerging roles in liver diseases[END_REF]. NKT cells express both T cell receptor and NK receptor. Like NK cells, NKT cells have also cytotoxic activity mediated by direct cytolytic or non-cytolytic mechanism. Importantly, they produce a large amount of cytokines including IFN-, IL-4, IL-10 (Figure 1.11), which play important roles in regulating of both inflammatory and anti-inflammatory responses.

During HCV infection, until recent years, the roles of NK subsets in HCV infection become a topic receiving much more attention, however, little evidences are available about the role of intrahepatic NK and NKT cells in determining the outcome of acute
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HCV infection. In acute HCV infection, the majority of infected individuals are asymptomatic and aware of exactly infected date; moreover, the liver biopsy problem in acute hepatitis C is also limited. Therefore, most studies have focused on peripheral blood NK cells and in chronic hepatitis when histopathological diagnostics is done [START_REF] Varchetta | Impaired intrahepatic natural killer cell cytotoxic function in chronic hepatitis C virus infection[END_REF].

Figure 1.11: Regulation and functions of liver NK cells

Source: Zhigang T et al, Hepatology, volume. 57, no. 4, April, 2013, 1654-1662 In chronic HCV infection, the roles of NK cells have clearly been demonstrated. In general, NK cell frequency and function is reduced in chronic HCV as compared to healthy control [START_REF] Bonorino | Fine characterization of intrahepatic NK cells expressing natural killer receptors in chronic hepatitis B and C[END_REF], [START_REF] Varchetta | Impaired intrahepatic natural killer cell cytotoxic function in chronic hepatitis C virus infection[END_REF]. Studies on the functions of intrahepatic NK cells have been shown that the expression of TRAIL, NKp46 and CD122 and cytotoxic capacity were significantly higher as compared with in peripheral blood NK cells, along with decreased production of IFN-•, this might contribute to liver injury and to clear HCV [START_REF] Ahlenstiel | Natural killer cells are polarized toward cytotoxicity in chronic hepatitis C in an interferon-alfadependent manner[END_REF], (Oliviero et al., 2009).

T lymphocytes are abundant in the liver including conventional T cells either CD8+ or CD4+. Both these cell populations express TCR repertoire and recognize antigens in the context of MHC-I and MHC-II molecules, respectively. Hepatic T cells comprise both local resident T lymphocytes and T cells that migrate to the liver [START_REF] Racanelli | The liver as an immunological organ[END_REF]. Among these T lymphocyte cell populations, CD4+ T cells are important components of the adaptive immune response, and their principal functions are to secrete cytokines upon antigen stimulation. During HCV infection, HCV-specific CD4+ T cells are easily detected in the early phase of infection regardless of the outcome of infection. Early observations have been shown that spontaneous clearance of HCV is associated with strong and broadly HCV-specific CD4+ T cell responses and the lost of these responses predicts the viral recurrence and progress to chronic infection [START_REF] Gerlach | Recurrence of hepatitis C virus after loss of virus-specific CD4(+) T-cell response in acute hepatitis C[END_REF]. In addition, CD4+ T cells have important helper functions in viral control by facilitating the induction and the maintenance of HCV-specific CD8+ T cell responses, which play a central role in the elimination of acute HCV infection [START_REF] Grakoui | HCV persistence and immune evasion in the absence of memory T cell help[END_REF]. HCV -specific CD8+ T cells can eliminate virus -infected hepatocytes via the cytolytic mechanism mediated by perforin-granzymes and/or surface death receptors such as FAS/FASL leading to the destruction of virus -infected hepatocytes, and non-cytolytic pathway by production of antiviral cytokines inhibiting viral replication [START_REF] He | CD8+ T-cell response against hepatitis C virus[END_REF]. Early studies on acute phase of HCV infection in chimpanzee model demonstrated that the viral control correlates with the emergence of intrahepatic HCV-specific CD8+ T cells 6-8 weeks after infection [START_REF] Cooper | Analysis of a successful immune response against hepatitis C virus[END_REF].

The depletion of these responses leading to impaired ability to secrete IFN-(a socalled "stunned" phenotype) and not is able to control viremia (Klenerman and Thimme, 2012). After successful viral clearance, HCV-specific CD8+ T cells remain detectable both in the peripheral and liver. However, in chronic infection, HCV-specific CD8+ T cells fail to clear the virus from the liver (Wedemeyer et al., 2002), [START_REF] Spangenberg | Intrahepatic CD8+ T-cell failure during chronic hepatitis C virus infection[END_REF].

HCV escapes from the host immune responses

One of the most important characteristics of HCV is it genome exhibits significant genetic variability as a result of the accumulation of mutations during the viral replication. Importantly, HCV replicate at high rate with an estimate of 10 12 virions per day, even in the chronic phase of infection and along with RNA-dependent RNA polymerase lacks a proof reading activity, which reach to multiple different viral variants (quasispecies) circulate in a single patients that can escape the host adaptive immune responses [START_REF] Forns | Quasispecies in viral persistence and pathogenesis of hepatitis C virus[END_REF]. Mutational escape from the adaptive immune response has been suggested as one of the major evasion strategies of HCV. The viral mutations have been reported within targeted epitopes may lead to escape from neutralizing antibodies [START_REF] Farci | Prevention of hepatitis C virus infection in chimpanzees by hyperimmune serum against the hypervariable region 1 of the envelope 2 protein[END_REF][START_REF] Hahn | Hepatitis C virus continuously escapes from neutralizing antibody and T-cell responses during chronic infection in vivo[END_REF], [START_REF] Dowd | Selection pressure from neutralizing antibodies drives sequence evolution during acute infection with hepatitis C virus[END_REF]. Mutations occurred within CTL epitopes have been observed both in chimpanzee model and in acutely infected patients. It has been shown that mutations within the T cell receptors, which reach to impair recognition by the epitope-specific CD8+ T cells [START_REF] Söderholm | Relation between viral fitness and immune escape within the hepatitis C virus protease[END_REF]. Finally, mutations interfere the processing of HCV antigens, resulting in a lack of antigen presentation [START_REF] Seifert | Hepatitis C virus mutation affects proteasomal epitope processing[END_REF], [START_REF] Kimura | Escape mutations alter proteasome processing of major histocompatibility complex class I-restricted epitopes in persistent hepatitis C virus infection[END_REF]. Viral escape from the CTL response may account for CD8+ T cell failure and contribute the persistence of HCV. In contrast to CD8+ T cells, viral escape did not lead HCV-specific CD4+ T cell failure and this is also consistent with HCV-specific CD4+ T cells primarily have a helper function rather than strong direct antiviral activity.

III. Treatment of hepatitis C

Standard treatment

The goal of treatment is the eradication of HCV infection from the body and prevents the For the treatment monitoring, all patients treated with combination therapy of peg-IFN and RBV should be tested for a virological response at week 4, 12 and endpoint of treatment and 24 weeks after the cessation of antiviral therapy. This provides assess to the early virological response and an SVR as well as to monitor side effects of drugs (European Association For The Study Of The Liver, 2013).

An emerging antiviral treatment

More than past 2 decades since HCV has been identified in 1989, the combination therapy of peg-IFN and Ribavirin was approved as the standard -of -care HCV treatment [START_REF] Ghany | Diagnosis, management, and treatment of hepatitis C: an update[END_REF]. However, with this regimen, SVR rates only achieve less than 50% in patients infected with HCV genotype 1 for 48 weeks and approximately 90% in HCV genotype 2 and 3 patients for 24 weeks [START_REF] Fried | Peginterferon alfa-2a plus ribavirin for chronic hepatitis C virus infection[END_REF], (McHutchison et al., 2009). In addition, it was associated with significant side effects such as flu-like symptom, depression, anaemia… as well as poor tolerability, especially in patients with HCV genotype 1 (McHutchison et al., 2009). During the past years, scientists attempted to search new antiviral agents to improve HCV treatment efficacy and with adequate understanding about the lifecycle of HCV and HCV replication on the experimental model systems, which provides multiple potential targets to develop antiviral agents including both viral and host targets [START_REF] Moradpour | Replication of hepatitis C virus[END_REF]. The first antiviral agents focused on two viral proteins, the NS3/NS4A serine protease and now these protease inhibitors so-called direct acting antiviral agents (DAAs). The first two HCV protease inhibitors (Boceprevir and Telaprevir) have approved by FDA (Food and Drug Administration) and EMA (European Medicines Agency) in 2011 for treatment of hepatitis C genotype 1 in combination with standard therapy improved SVR rates up to 75% [START_REF] Ghany | An update on treatment of genotype 1 chronic hepatitis C virus infection: 2011 practice guideline by the American Association for the Study of Liver Diseases[END_REF]. However, both these drugs are associated with additional toxicity and the high costs of treatment, thus numerous inhibitors of the NS3/NS4A

protease and other targets are in clinical development, aiming to replace boceprevir and telaprevir [START_REF] Shah | Review of direct-acting antiviral agents for the treatment of chronic hepatitis C[END_REF]. The second -generation protease inhibitors such as simeprevir, faldaprevir, which are in currently completing phase III clinical trials. The combination of these protease inhibitors with peg-IFN and RBV might lead to SVR in 75-86% with simeprevir and up to 83% with faldaprevir in treatment-naïve patients [START_REF] Jesudian | Emerging therapeutic targets for hepatitis C virus infection[END_REF]. The second wave of the NS3/NS4A protease inhibitors is in the late phase III of clinical trials including asunaprevir, vaniprevir, danoprevir. In combination regimens with peg-IFN /RBV, the early study data in treatment-naïve patients infected with HCV-1 showed that SVR rates achieved in 83 -92%, 61 -85%, and 68 -85% depending on asunaprevir, danoprevir and vaniprevir dose versus 46%, 63% and 42% in placebo group, respectively [START_REF] Bronowicki | Randomized study of asunaprevir plus pegylated interferon-and ribavirin for previously untreated genotype 1 chronic hepatitis C[END_REF], (Manns et al., 2012), [START_REF] Marcellin | Randomized controlled trial of danoprevir plus peginterferon alfa-2a and ribavirin in treatment-naïve patients with hepatitis C virus genotype 1 infection[END_REF].

Other direct antiviral drugs targeting viral proteins comprise the NS5A protein and the NS5B RNA -dependent RNA polymerase, are being investigated and evaluated in clinical trials. NS5B RNA -dependent RNA polymerase inhibitors include nucleoside and non-nucleoside analogues. A nucleotide NS5B polymerase inhibitor, sofosbuvir that combines peg-IFN /RBV resulted in more than 90% of SVR rate at 12 weeks in treatment-naïve patients infected with HCV-1 or 4 [START_REF] Lawitz | Sofosbuvir for previously untreated chronic hepatitis C infection[END_REF]. Most recently, sofosbuvir was approved by the FDA in USA and in early 2014 in Europe for treatment of patients infected with genotype 1, 2, 3 and 4 virus [START_REF] Pawlotsky | New Hepatitis C Therapies: The Toolbox, Strategies, and Challenges[END_REF]. Another nucleotide inhibitor is mericitabine in clinical development. The early study data showed that mericitabine based on triple therapy in patients infected with HCV genotype 1, 2 and 3 had higher SVR rates as compared with peg-IFN /RBV alone [START_REF] Pockros | JUMP-C: a randomized trial of mericitabine plus pegylated interferon alpha-2a/ribavirin for 24 weeks in treatment-naïve HCV genotype 1/4 patients[END_REF]. Mericitabine is now in clinical trials with IFN -free regimens. [START_REF] Jesudian | Emerging therapeutic targets for hepatitis C virus infection[END_REF].

The NS5A inhibitors including daclatasvir, ledipasvir are in clinical development in both IFN -free and IFN -containing therapies. The combination of daclatasvir with peg-IFN /RBV yielded SVR rate > 80% in week 24 of therapy in treatment -naïve patients infected with HCV-1 [START_REF] Izumi | Daclatasvir combined with peginterferon alfa-2a and ribavirin in Japanese patients infected with hepatitis C genotype 1[END_REF]. In a combination regimen of four drugs comprising peg-IFN /RBV plus daclatasvir and asunaprevir, SVR rates at 24 weeks achieved in 90-95% in non-cirrhotic patients infected with HCV-1 and in who fails to previous standard therapy [START_REF] Lok | Randomized trial of daclatasvir and asunaprevir with or without PegIFN/RBV for hepatitis C virus genotype 1 null responders[END_REF].

Unlike DAAs, host -targeting agents inhibit HCV assembly and replication by interfering essential factors that are required for the HCV lifecycle such as cyclophylin A and microRNA-122 [START_REF] Sarrazin | Antiviral strategies in hepatitis C virus infection[END_REF]. An inhibitor of cyclophylin A playing an important role in HCV replication is alisporivir, a cyclosporine A analogue lacking anti-calcineurin activity (i.e. without immunosuppressive properties) that has shown antiviral activity in patients infected with HCV genotypes 1 to 4, SVR rates at 24 weeks were 72% for monotherapy and 92% in combination with ribavirin [START_REF] Flisiak | Update on alisporivir in treatment of viral hepatitis C[END_REF].

Another host -targeting agent, miravirsen, a locked nucleic acid oligonucleotide that targets miRNA-122 binding to HCV genome and is essential for HCV replication is in phase 2a clinical trial. Early results showed that a reduction of HCV -RNA level after 5 weeks of monotherapy in treatment -naïve patients infected with HCV-1 [START_REF] Janssen | Treatment of HCV infection by targeting microRNA[END_REF]).

An antiviral strategy using peg-IFN lambda 1 is in phase 2b study. Early observations in non-cirrhotic treatment -naïve patients infected with HCV-1 or 4 with 180ug weekly dose of IFN lambda 1 plus Ribavirin had similar SVR rate at 24 weeks compared with peg-IFN /RBV. However, side effect profile was lower as compared to peg-IFN . The combination of peg-IFN lambda 1 plus RBV and a DAA is also in clinical trials.

Preliminary report suggested that this regimen was more highly effective with RVR rate up to 91% and 76% of SVR rate after 24 weeks of therapy [START_REF] Friborg | Combinations of lambda interferon with direct-acting antiviral agents are highly efficient in suppressing hepatitis C virus replication[END_REF].

With the rapid advent of DAAs and novel combination regimens are being evaluated in late phase of clinical trials, which may permit the complete elimination of HCV in relatively near future with proposed therapy.

Predictors for treatment response

Although treatment of chronic hepatitis C with DAAs became available, but the combination regimen of peg-IFN and RVB is still a main antiviral therapy for treatment of hepatitis C in 2014 and 2015 before new therapies with all-oral drugs are approved.

However, this treatment regimen is associated with several severe adverse sides of drugs and only about 50% of treated patients infected with HCV-1 achieved an SVR.

Many studies have reported predictive factors of achieving an SVR including both viral and host factors as well as on-treatment response.

Viral factors

HCV genotype is believed to be the most important predictor of treatment response as well as to determine treatment duration and dose of antiviral drugs. The highest response rate observed in patients infected with HCV genotype 2 and 3, whereas patients infected with HCV genotype 1 or 4 had poorer treatment response [START_REF] Manns | Peginterferon alfa-2b plus ribavirin compared with interferon alfa-2b plus ribavirin for initial treatment of chronic hepatitis C: a randomised trial[END_REF].

HCV -RNA viral load. Among pretreatment parameters, HCV-RNA level is an important parameter to predict the outcome of treatment. Patients with low pretreatment viral load (< 4000000 -600000 IU/mL) had better response to treatment as compared to patients with high baseline viral load [START_REF] Manns | Peginterferon alfa-2b plus ribavirin compared with interferon alfa-2b plus ribavirin for initial treatment of chronic hepatitis C: a randomised trial[END_REF], [START_REF] Poynard | Is an "a la carte" combination interferon alfa-2b plus ribavirin regimen possible for the first line treatment in patients with chronic hepatitis C? The ALGOVIRC Project Group[END_REF], [START_REF] Shiffman | Peginterferon Alfa-2a and Ribavirin for 16 or 24 Weeks in HCV Genotype 2 or 3[END_REF].

Other viral factors: Several research groups have reported the number of mutations within specific region of HCV genome associated with IFN treatment response. These include the interferon sensitivity determining region (ISDR aa2209 -2248), the protein kinase R (PKR -binding domain aa2248-2379), the V3 region (aa2334-2356) and the interferon ribavirin resistance determining region (IRRDR, 2334-2379) and core protein [START_REF] Kurosaki | Sequences in the interferon sensitivity-determining region and core region of hepatitis C virus impact pretreatment prediction of response to PEG-interferon plus ribavirin: data mining analysis[END_REF]. [START_REF] Akuta | Predictive factors of early and sustained responses to peginterferon plus ribavirin combination therapy in Japanese patients infected with hepatitis C virus genotype 1b: amino acid substitutions in the core region and low-density lipoprotein cholesterol levels[END_REF], [START_REF] Aurora | Genome-wide hepatitis C virus amino acid covariance networks can predict response to antiviral therapy in humans[END_REF].

Host genetic factors

IL-10 polymorphisms

Host genetic background is believed to play an important role in determining the outcome of HCV infection and treatment response to peg-IFN /RBV. Many studies reported using various approaches such as studies of candidate genes or genome wide-association studies (GWAS) to identify host genetic polymorphisms associated with response to peg-IFN alone or combined therapy. Most studies focused on the genetic variants of cytokine genes involved in the host immune responses which may influence the outcome of HCV infection as well as the responses to treatment [START_REF] Schlecker | The pharmacogenetic background of hepatitis C treatment[END_REF].

Among candidate cytokine genes, IL-10, a key anti-inßammatory and immunoregulatory cytokine, which is coded by the IL-10 gene located on chromosome 1. IL-10 is produced by type 2 helper (Th2) T cells and various other cells including liver cells.

IL-10 can provoke down-regulation of the expression of MHC proteins, of IFN activities and of T cell proliferation [START_REF] Sabat | Biology of interleukin-10[END_REF]. The promoter region of the IL-10 containing three variants (-1082A/G, -819T/C, -592A/C) forms 3 haplotypes (a "high-producing"

GCC, an "intermediate-producing" ACC, and a "low-producing" ATA) which have been

shown to be linked to the course of HCV infection and to the response to treatment.

Patients possessing ATA haplotype had a higher chance of achieving an early virological response at week 12. In contrast, patients carrying GCC haplotype had a higher risk of failure to treatment (Edwards- Smith et al., 1999). Similarly, homozygosity of ACC haplotype was frequent in patients with a sustained response. However, in another study, homozygosity for the 1082G/G genotype producing higher levels of IL-10 increased the chance of an early sustained response and SVR compared with nonresponders, whereas -1082G/A genotype was more common in the non-responders, but not significantly associated with SVR [START_REF] Dogra | Polymorphism of tumor necrosis factor-and interleukin-10 gene promoter region in chronic hepatitis C virus patients and their effect on pegylated interferon-therapy response[END_REF]. Functional influence of this variant remains unclear (Swi tek, 2012).

IL-17 polymorphism

Interleukin 17 (IL-17) belongs to a family of proinflammatory cytokines, including six members: IL-17A, IL-17B, IL-17C, IL-17D, IL-17E, and IL-17F. IL-17 is produced by Th17 cells, a lineage of CD4+ helper T cells (Kolls and Lindén, 2004), (Korn et al., 2009). It has been shown that IL-17 plays an active role in immuno-inflammatory responses associated with infectious diseases, autoimmune disorders and cancers (Pappu et al., 2010), (Lafdil et al., 2010). Recent studies have indicated the role of IL-17 and Th17 cells in viral hepatitis in stimulating liver inflammation during HCV infection (Lafdil et al., 2010), (Ye et al., 2010). In HCV-infected patients treated peg-IFN and RBV, a decrease of both Th1 and Th17 responses led to a reduction of liver inflammation induced by HCV (Jimenez- Sousa et al., 2010). Similar to other cytokines, polymorphisms of IL-17A have been reported to be associated with infectious diseases such tuberculosis, brucellosis, and HBV infection (Ocejo-Vinyals et al., 2013), (Rasouli et al., 2013), (Li et al., 2012).

However, the role of polymorphisms of IL-17 gene in HCV infection has not yet been investigated.

Interferon genes polymorphisms

Interferons (IFNs) are cytokines that play a key role in innate and adaptive immune responses against HCV infection. They were divided three major classes of human IFN, according to the type of receptor they interact with. Type I IFNs bind to a specific receptor complex that consists of two subunits, IFN-receptor-1 (IFNAR-1) and IFNAR-2, whereas type III IFNs were discovered in 2003 using computational method. Their receptors also compose of two chains, IFN-receptor-1 (IFNLR-1, specific for type III IFNs), and the interleukin-10 (IL-10) receptor-2 (IL-10R2) chain [START_REF] Kotenko | IFN-s[END_REF]. Finally, type II IFN has a unique member or IFN-, which binds to a specific receptor complex composed of two chains, IFN-receptor-1 (IFNGR-1) and IFNGR-2 (Chelbi-Alix and Wietzerbin, 2007). Human IFN-, a subtype of type I IFNs, was the first cytokine to be purified to homogeneity, then cloned, fully sequenced and produced in recombinant form in E. coli [START_REF] Nagata | Synthesis in E. coli of a polypeptide with human leukocyte interferon activity[END_REF]. In 1986, the first clinical trial of recombinant IFN-in patients with chronic non-A, non-B hepatitis reported before the discovery and cloning of HCV in 1989 [START_REF] Hoofnagle | Treatment of chronic non-A,non-B hepatitis with recombinant human alpha interferon. A preliminary report[END_REF], [START_REF] Choo | Isolation of a cDNA clone derived from a blood-borne non-A, non-B viral hepatitis genome[END_REF].

Interferon gamma, type II IFN, is multifunctional cytokine, which is produced by effector T and natural killer cells. It defines the development of T helper 1 (Th1) cells and is critical for host defense against a variety of intracellular pathogens, including HCV [START_REF] Shtrichman | The role of gamma interferon in antimicrobial immunity[END_REF]. IFN-efficiently inhibits HCV replication in the replicon system in vitro and the intrahepatic level of IFN-appears to be associated with viral clearance in the chimpanzee model [START_REF] Frese | Interferon-gamma inhibits replication of subgenomic and genomic hepatitis C virus RNAs[END_REF], [START_REF] Woollard | Characterization of HCV-specific Patr class II restricted CD4+ T cell responses in an acutely infected chimpanzee[END_REF]. Like other cytokines, several polymorphisms in IFN-gene have been investigated in patients with HCV infection such as -874A/T, CA repeat microsatellite, -179T/G, and IFN-promoter SNP -764G/C (Dai et al., 2006), [START_REF] Dai | Polymorphisms in the interferon-gamma gene at position +874 in patients with chronic hepatitis C treated with high-dose interferon-alpha and ribavirin[END_REF] [START_REF] Huang | A functional SNP of interferon-gamma gene is important for interferon-alpha-induced and spontaneous recovery from hepatitis C virus infection[END_REF]. However, some of these results are still controversial and not replicated in different cohorts with larger sample size.

In the year 2009, three independent studies have identified genetic polymorphisms (rs12979860 C/T and rs8099917 T/G) near the IFNL3 gene (previously known as IL28B) are strongly associated with both treatment response and spontaneous resolution of HCV genotype 1 (Ge et al., 2009), (Tanaka et al., 2009), (Suppiah et al., 2009). 

Predictors on treatment response

A rapid virological response (RVR), defined as undetectable serum HCV-RNA at week 4 of treatment is considered as one of the most important independent predictors of SVR [START_REF] Sarrazin | Definition of rapid virologic response with a highly sensitive real-time PCR-based HCV RNA assay in peginterferon alfa-2a plus ribavirin responseguided therapy[END_REF]. RVR correlates with a high probability (86-100%) of SVR to peg-IFN /RBV combination therapy, regardless of HCV genotype [START_REF] Fried | 7 Rapid virological response is a more important predictor of sustained virological response (SVR) than genotype in patients with chronic hepatitis C virus infection[END_REF]. In patients infected with HCV genotype 1 with low baseline viral load and the presence of RVR, treatment duration might be shortened 24 weeks instead of 48 weeks and SVR rate were > 75% in several studies [START_REF] Jensen | Early identification of HCV genotype 1 patients responding to 24 weeks peginterferon alpha-2a (40 kd)/ribavirin therapy[END_REF], [START_REF] Ferenci | Peginterferon alfa-2a and ribavirin for 24 weeks in hepatitis C type 1 and 4 patients with rapid virological response[END_REF].

Early virological response (EVR), determined as reduced viral load > 2lgIU/ml or undetectable HCV-RNA at week 12 of therapy. It is subdivided into complete EVR (HCV-RNA < 50 IU/ml) and partial EVR (> 2lgIU/ml drop at week 12, but detectable [>50IU/ml]). In patients infected with HCV-1 had a complete EVR achieved higher SVR than those with a partial EVR [START_REF] Fried | 7 Rapid virological response is a more important predictor of sustained virological response (SVR) than genotype in patients with chronic hepatitis C virus infection[END_REF], [START_REF] Davis | Early virologic response to treatment with peginterferon alfa-2b plus ribavirin in patients with chronic hepatitis C[END_REF], [START_REF] Di Bisceglie | Early virologic response after peginterferon alpha-2a plus ribavirin or peginterferon alpha-2b plus ribavirin treatment in patients with chronic hepatitis C[END_REF]. In clinical practice, EVR parameter is used as an important parameter for ontreatment decision making.

Outline of thesis work

Hepatitis C virus infection is a complex disease process with majority of infected patients were examined by the same liver pathologist and another part was used for liver immune cells analysis. The grade of liver disease and fibrosis stage were scored using the METAVIR system. Exclusion criteria were negative for HIV and HBV infection and their alcohol consumption was lower than 30g/day in male and 20g/day in women.

No patients had biochemical markers of autoimmune hepatitis. Patients were given informed consent and study protocol was approved by the local ethics committee.

II. Polymorphism genotyping 2.1. Preparation of total DNA

Total DNA was extracted from serum using High Pure PCR Template Preparation Kit (Roche) according to manufacturer's instructions. Briefly, 200 l of samples were incubated Proteinase K in presence of traotropic salt (guanidine -HCL) allow to immediately inactivate all nucleases. DNA binds selectively to special glass fibers prepackage in High Pure Purification Filter tubes. Bound DNA is purified after a series of washing steps to remove contaminating components. Finally, purified DNA is recovered from glass fibers by using Elution buffer. DNA concentration was measured by using the NanoDrop 2000 spectophotometer (Thermo Scientific) and all samples were diluted to a final DNA template concentration of 10ng/ l and stored at -20 0 C till to be used for PCR.

IFNL3 (SNP rs12979860 C/T and rs8099917 T/G)

For the genotyping of IFNL3 polymorphism (SNP rs12979860 C/T and rs8099917 T/G),

we have employed an in-house method based on PCR and restriction fragment length For RFLP analysis, we selected 2 enzymes BstUI and BrsDI (New England Biolabs, Hitchin, UK), which base on specific recognition of allele C and G on each SNP. 

IFN-(+874T/A, rs2430561)

For genotyping IFN-polymorphism (+874T/A, rs2430561), we used the allele specific sequence primer-PCR method with primers published by Pravica. V et al (Pravica et al., 2000). Briefly, genomic DNA amplification was performed in two different PCR reactions for each polymorphism in the total volume of 20 µl containing 12.5 µl of AmpliTaqGold Master Mix (Applied Biosystems); 1 µl of each common antisense primer and specific sense primers for each allele. To check the success of PCR reactions, one internal control of 426 bp was ampliÞed the human growth hormone gene sequence (accession number M13438). The PCR products were run on 2% agarose gel electrophoresis after stained with ethidium bromide. The PCR reaction was performed using 10 cycles (950C for 1 minute, 950C for 15s, 620C for 50s, and 720C for 40s), followed by 20 cycles (950C for 20s, 560C for 50s, and 720C for 50s). Genotypes were determined by T or A allele specific PCR products on 2% agarose gel electrophoresis after stained with ethidium bromide and visualized under UV light.

IL-10 (-1082 G/A, rs1800896)

For genotyping IL-10 polymorphism (-1082 G/A, rs1800896), we used the previously described protocol (Edwards- Smith et al., 1999). PCR mixture contains in the final volume of 20 µl consisting of 12.5 µl of AmpliTaqGold Master Mix (Applied Biosystems); 1 µl of each primer and 3 µl of genomic DNA and run on 2700 PCR machine (Applied BioSystems) according to following thermal cycle consisted of initial denaturation step at 95 0 C for 5 min, followed by 35 cycles at 95 0 C for 30 s, 58 0 C for 30 s, and 72 0 C for 30 s, and final extension step at 72 0 C for 7 min. Digestion reaction was performed in a total volume of 50 µl containing 1 µl of enzyme MnlI (New England Biolabs, Hitchin, UK), 5 µl of Buffer, 34 µl of sterile water and 10 µl PCR products. IL-10 genotypes was distinguished on a 2% agarose gel electrophoresis after staining with Ethidium Bromide 10mg/ml and visualized under UV light.

IL-17 (-152A/G, rs2275913)

For genotyping IL-17 polymorphism (-152A/G, rs2275913), we used the previously described protocol (Chen et al., 2010) Whole blood samples were collected in heparinized vacutainer tubes. PBMCs were isolated by density centrifugation over Ficoll -Paque PLUS gradients. (Amersham Biosciences). Birefly, after a short centrifugation at 400g for 30min, PBMCs are harvested from the interface between the Ficoll-Paque PLUS and sample layers.

Extraction of intrahepatic lymphocytes

Liver biopsy specimens were obtained using a 1.5 mm diameter disposable biopsy needles with a length range 10-20 mm. One part of the biopsy was used for histopathological examination, and a second part was collected and washed in 1mL of RPMI 1640 medium in Gentamycine for three times. Then, they were maintained in RPMI 1460 medium plus 5% human serum. Hepatic immune cells were then resuspended and immediately stained for FACS analysis.

Flow cytometry analysis of immunostainings

Lymphocytes phenotyping was performed with LSRII cytometer (BD biosciences) using FCS Express 3 and antibodies: anti-CD45 (HI30) anti-CD3 (UCHT1)); anti CD107a (H3A4) from Biolegend, anti-CD56 (NCAM16.2) from BD Biosciences. Immune cells were first selected using a gate set on forward scatter versus side scatter and then for their CD45 expression. From CD45+gate, NK cells, NKT and T lymphocytes were distinguished through differential expression of CD56 and CD3. Finally, degranulation activity of immune cells was monitored using CD107a expression by FACS analysis.

Specially, PBMCs and IHL were cultured in RPMI 1460 plus 10% FCS, 1%

Gentamycine, 2mM L-gluatmine, and 10mM HEPES without exogenous added cytokines. Next days, they were stimulated in the presence or absence of K562 cells (ATCC, Manassas, VA) to assess degranulation activity. Lane M-DNA Marker 50 bp (Thermo Scientific). Lane S1-S3: GG genotype, Lane S2:

IV. Treatment response

TT genotype, Lane S4-S5-S6-S7: TG genotype.

Comparison of two methods for genotyping IFNL3 polymorphisms

To verify in -house method, we genotyped tested samples using LightMix® Kit IL28B

(TIB-MOLBIOL, Berlin, Germany) and then ambiguous samples were confirmed by using the same PCR product by RFLP. For rs12979860 C/T, The observed result was inconsistent between RFLP and LightMix® Kit only one case. We sequenced directly this sample and the results showed in concordance with LightMix® Kit. For rs8099917, all results showed a significant concordance with that by direct DNA sequencing in all samples. To date, there were several studies have described different methods for genotyping IFNL3 polymorphisms including, Real-time-PCR, Allele Specific Primers-PCR and sequencing [START_REF] Melis | Simultaneous genotyping of rs12979860 and rs8099917 variants near the IL28B locus associated with HCV clearance and treatment response[END_REF], [START_REF] Hashemi | A tetra-primer amplification refractory mutation system-polymerase chain reaction for the detection of rs8099917 IL28B genotype[END_REF], [START_REF] Akkarathamrongsin | High sensitivity assay using serum sample for IL28B genotyping to predict treatment response in chronic hepatitis C patients[END_REF]. But most of these methods are costly, time consuming and require substantial instruments. Thus, it is very crucial to develop a method which is suitable alternative for a conventional laboratory. In this study, we presented an in house method for genotyping IFNL3 polymorphisms based on PCR and RFLP analysis. Here, we have set up a method having a number of advantages such as its simplicity and reliability and low cost for identification of IFNL3 polymorphisms in a clinical laboratory without considerable equipment investments.

The reliability of this in-house method was compared with a commercial kit (TIB-MOLBIOL) and confirmed by sequencing. Only one case observed with discrepant result as compared with TIB-MOBIOL kit and sequencing (Weighted kappa = 0.97). This can explain due to a rare SNP existed in the primer binding site for amplification of PCR and sequencing. As for costs, one test of rs12979860 using TIB-MOBIOL kit is estimated about 10 € and 23€ with sequencing and time consuming was from 4-6 hours [START_REF] Fiorina | Comparison of three different methods for the evaluation of IL28 and ITPA polymorphisms in patients infected with HCV[END_REF] In addition, when using TIB-MOBIOL kit, it also requires a large number of samples (1 reagent vial used for 32 reactions) and expired within one week.

In contrast, our method was lower cost estimated about 5€ for one test and whole analysis procedures were only about 4 hours.

Among 108 patients genotyped by our method, the distribution of genotypes was C/C (36.1%), C/T (48.1%) and T/T (15.8%) for rs12979860 and T/T (60.2%), T/G (32.4%)

and G/G (7.4%) for rs8099917. The prevalence of genotype frequencies in this study corresponds to previously published reports in Europe population.

Conclusion:

We have developed successfully a simple, effective and reliable genotyping assay based on PCR -restriction fragment length polymorphism (RFLP) for the IFNL3 polymorphisms. This new assay can be suitable for routine diagnostics in a clinical laboratory and provides additional information for physicians before treatment decision making with antiviral therapy.

Different polymorphisms in the interferon lambda genes in response to

treatment in patients with chronic hepatitis C.

The results of this study are reported in an article which has been submitted for publication and is currently under review.

Summary of the study

Treatment of chronic hepatitis C is rapidly evolving in the era of direct antiviral drugs, but therapy based on combination of peg-IFN and Ribavirin (RBV) remains the main stay of some HCV treatment strategies before all -oral drugs regimens become available. However, the successful rate of combination of peg-IFN and RBV regimen only achieved approximately 50% of patients infected with HCV genotype 1. In addition, this regimen associated with high costs of treatment and side effects of drugs. Thus, it is very crucial to identify predictors for the outcome of treatment. Polymorphisms in the interferon lambda genes have been identified as the most important predictors for determining both in spontaneous clearance of HCV and in response to combination treatment.

In our study, we wish to investigate the association of polymorphisms in the interferon lambda genes (rs12979860C/T, rs8099917 T/G and ss469415590TT/ G) with response to combination treatment of peg-IFN and RBV in patients infected with HCV-1. We showed that patients carrying genotype TT/TT of IFNL4 variant (ss469415590) and 

Introduction

Hepatitis C virus (HCV) infection is a major health issue affecting more than 170 million people worldwide and the clinical outcome of HCV infection varies considerable from asymptomatic hepatitis to chronic liver diseases including chronic hepatitis, liver cirrhosis and hepatocellular carcinoma [1]. Until recent years, the treatment of chronic hepatitis C was based on a combined therapy by peg-IFN with Ribavirin for 48 weeks in patients with HCV genotype 1. However, with this regimen only 50 % of patients achieved a sustained virological response (SVR) [2]. Recently, direct-acting antiviral agents become available and a new regimen updated for individuals infected with HCV genotype 1 to improve considerable SVR rate, but it is associated with the high cost of therapy and additional significant side effects [3,4]. Thus, it is very crucial to identify pre-treatment predictors of response to treatment in order to optimize and to reduce cost burdens before beginning antiviral therapy of hepatitis C. Many risk factors, including host and viral factors, have been reported to be associated with the resolution of HCV infection [5][6][7][8][9]. In 2009, several independent genome wide association studies (GWAS) have identified single nucleotide polymorphisms such as the rs12979860 C/T and the rs8099917 T/G located on the long arm of chromosome 19 near the interferon lambda 3 gene encoding for IFN 3, (IFNL3, formerly known as IL28B) as an important predictor of both spontaneous clearance of HCV infection and response to antiviral therapy. The first study has uncovered a SNP at rs12979860 C/T with patients bearing C allele have a twofold increased rate of SVR than those with the T allele [10,11].

Three other studies revealed SNP at rs8099917 T/G and showed patients possessing G risk allele associated with failure to antiviral therapy [12][13][14]. to affect the liver lymphocyte activity [16]. Therefore, the goal of this study was to investigate the role of the interferon lambda polymorphisms in response to combination therapy in a consecutive cohort of genotype 1 patients with histologically proven chronic hepatitis C.

Patients and methods

Patients:

One hundred and eight Caucasian patients chronically infected with HCV genotype 1

were included in this study and enrolled in the Hospital Centre of Grenoble University.

All patients were naïve of treatment, anti-HCV antibody positive (ELISA 3, Ortho Diagnostic Systems, USA) and HCV-RNA positive in serum as measured by RT-qPCR (Amplicor HCV, Roche Diagnostic Systems). HCV genotype was determined by Inno-Lipa technology (Innogenetics, Belgium). Blood samples from patients were collected in heparinized vacutainer tubes as part of routine diagnostics for immunological and biochemical analysis and another part frozen until DNA extraction using for determining genetic polymorphisms of several cytokine genes. Liver biopsy specimens obtained from patients were examined by the same liver pathologist. The grade of liver disease and fibrosis stage were scored by a single senior pathologist using the METAVIR scoring system. Patients were negative for HIV and HBV infection and their alcohol consumption was lower than 30g/day in male and 20g/day in women. No patients had biochemical markers of autoimmune hepatitis. Patients were given informed consent and protocol was approved by the local ethics committee.

Polymorphism genotyping

Genomic DNA was extracted from serum using High Pure PCR Template Preparation Kit (Roche) according to manufacturer's instructions and DNA concentration was measured by using the NanoDrop 2000 spectrophotometer (Thermo Scientific).

For the genotyping of the SNP rs12979860 C/T and rs8099917 T/G, we have employed an in-house method based on PCR and restriction fragment length polymorphism.

Primers were designed from the sequence surrounding rs12979860 and rs8099917

(retrieved from NCBI database) to be used in PCR (primer sequences are presented in supplementary data Table 1). All PCR reactions were performed on 2700 PCR machine we used method published by Prokumina-Olsson et al [15].

Treatment protocol

All patients were treated by a combination of peg-IFN 2a (180µg/week) and Ribavirin 1000-1200mg/day according to the weight for 48 weeks. SVR was determined 6 months after the end of therapy and RVR was determined as serum undetectable HCV -RNA at week 4 of treatment according to the current guideline of the EASL. 

Statistical analysis

Statistical

Results

Clinical characteristics

Patients were separated into two groups according to the treatment outcome (sustained virological response: SVR) and treatment failure: non response (NR) or relapse (RR).

Clinical characteristics were summarized in Table 1. Of the 108 patients treated with combination therapy for 48 weeks, 54 patients (50%) achieved an SVR and 54 patients (50%) were considered as failure to treatment. There was no significant difference between the 2 groups concerning age, gender, BMI, HCV-subtype and aminotransferase levels. GGT level, F3-4 fibrosis stage, high baseline viral load and presence of steatosis were negatively significantly associated with SVR. (p 0.001, p = 0.031, 0.017 and 0.03, respectively), whereas patients had RVR strongly associated with SVR (p=0.003).

Allele and genotypic frequencies of IFNL4 polymorphisms

In this study, we used an in-house method for genotyping polymorphisms rs12979860 C/T and rs8099917 T/G. The results were illustrated in the supplementary data figure 1 and 2. Among 108 patients, the overall genotype frequency of the rs12979860 was C/C in 39 (36.1%), C/T in 51 (47.2%) and T/T in 18 (16.7%) patients, whereas the rs8099917 was T/T in 65 (60.2%), T/G in 35 (32.4%) and G/G only in 8 (7.4%) patients.

For ss469415590, genotype distribution was TT/TT in 37 (34.2%), TT/ G in 53 (49.1%)

and G/ G in 18 (16.7%) patients (Table 2).

The genotype distributions were in Hardy-Weinberg equilibrium in each studied group.

Haplotype block structure analysis indicated that the strongest linkage disequilibrium (LD) was between rs12979860 and ss469415590 (D' = 1, LOD = 27.55, r-squared = 0.947). The SNP, rs8099917 was in moderate LD with rs12979860 and ss469415590, (D' = 0.91 and 0.87; LOD = 12.02 and 5.76; r-squared = 0.334 and 0.366, respectively)

(figure 1). The combination of these variants generates 4 haplotypes with haplotype C-TT-T (rs12979860-ss469415590-rs8099917) having the highest frequency (57.7%).

Impact of IFNL4 polymorphisms on the treatment response

Then we evaluated the role of IFNL4 polymorphisms in response to treatment. Our results showed that both variants rs12979860 and ss469415590 were associated with SVR (Table 3). Patients bearing favourable genotypes C/C of rs12979860 and TT/TT of ss469415590 were associated with SVR (66.7% versus 40.6%, p = 0.009 and 67.6% versus 40.8%, p = 0.008, respectively), whereas patients carrying G allele of rs8099917

were associated with failure to treatment as compared with T/T homozygote carriers (69.8% versus 36.9%, p = 0.001). By multivariate regression analysis, we excluded not significant variables from the univariate analyses and only took into account 5 eligible variables with p value < 0.15 using backward step-wise elimination approach. We showed that TT/TT genotype of ss469415590 and RVR were still independent predictive factors of SVR (OR = 3.93, CI = 1.53 -10.08, p = 0.004 and OR = 6.74, CI = 1.33 -34.06, p= 0.021), whereas high baseline viral load level was associated with failure to treatment (OR = 0.34, CI = 0.13 -0.87, p = 0.023), (Table 4).

Univariate regression analysis

Discussion

The showing that patients with favourable C/C genotype had higher SVR rate than those carrying unfavourable C/T or T/T genotype [10,11]. In contrast, patients bearing G risk allele of rs8099917 were associated with failure to antiviral therapy [12][13][14]. Our study confirms the association of these two variants with treatment outcome of HCV-1 with combination regimen of peg-IFN and RBV for 48 weeks. However, we also showed a strong correlation between SVR and a new variation (TT/ G ss469415590) within IFNL4 gene, which is in strong linkage with rs12979860, and it provides similarly predictive value for treatment response in Caucasian patients.

The IFNL3 gene encodes for IFN 3, a member of type III-IFNs family belongs to the superfamily of IL-10. While the structure of IFN 3 has features similar to other members of the IL-10 family, its antiviral activity is similar to type I-IFNs. Interestingly, the IFN 3 receptor expression is restricted in several cells with an origin from epithelial cells including hepatocytes [17]. IFN 3 was indicated to inhibit the replication of HCV in vitro and in vivo [18]. However, the effects of the genetic polymorphisms near IFNL3 on biological mechanisms remain to be elucidated. It has been suggested a link between these polymorphisms and IFNL3 gene expression as well as intrahepatic ISG expression [19]. Patients having favourable genotypes were strongly correlated with lower intrahepatic ISG expression level. This suggests that variants proximity of IFNL3 may have an influence on the clearance of HCV through this mechanism [20,21]. On the other hand, these polymorphisms were uncovered using genome wide association studies that present limitation in the identification of causative variations [22].

Alternatively, the next generation sequencing methods appear more efficient in the discovery of causal variants, leading to the identification of a novel variant (TT/ G ss469415590). It was located at 367 bp upstream of the rs12979860 within the exon 1 of a new gene which was associated with impaired clearance of HCV infection [15]. This 2). In the present study, these two IFNL4 variants were similarly informative in relation to treatment response when performed by a univariate regression analysis. However, the TT/TT genotype of ss469415590 was only retained in the final predictive model when both three variants entered into the multivariate logistic model and it was found to predict favourable response to treatment. This result is also consistent with several studies currently reported [23][24][25]. Interestingly, IFN 4 has been shown to exhibit antiviral activity against coronavirus infection and to inhibit HCV replication [26]. However, it is unclear why IFN 4 production is unfavourable, leading to impaired spontaneous HCV clearance and response to treatment based on bi-therapy. Strikingly, the activity of liver T and NKT cells, in terms of the degranulation process associated with the release soluble factors such as cytokines or lytic enzymes, has been found higher in patients with favourable IFNL4 genotypes [16]. Further studies on the role of IFNL4 in the immune responses are required to explore deeply the functional mechanisms of IFNL4 in relation to HCV infection. In reality of clinical practice, when considering antiviral therapy for patients chronically infected with HCV genotype 1, it is crucial to determine baseline predictors in order to decide whether patients should benefit of dual therapy or should be oriented to triple therapy. Hence, these findings could help clinicians to: i) make an optimal treatment decision for HCV-1 infected patients, ii) to reduce the cost of therapy and iii) (2) AST (IU/L) 52 (34 -72.5) 61.5 (39 -104) 0.150 (2) ALT (IU/L) 72 (45-112) 70.5 (49.5 -119.5) 0.678 (2) GGT (IU/L) 36 (18 ; 45) 111 (80 ; 149) 0.001 (2) Steatosis 16 (29.6%) 26 (48.1%) 0.030 (3) Total Bilirubin (umol/L) 8 (5 ; 10) 12 (8.5 ; 14) 0.898 (2) Severe fibrosis (F3/F4) 0.001 (3) SVR : sustained virological response ; IFNL: Interferon lambda;

(3) Chi-square Test. Values were expressed as frequency (%) 
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Summary of the study

Chronic hepatitis C virus (HCV) infection is a complex disease process. The host immune responses play important role in determining the outcome of HCV infection and response to treatment. Until recent years, the standard -of -care HCV treatment was based on the combination of peg-IFN and Ribavirin. Recently, response to treatment has been shown to be associated with polymorphisms in the interferon lambda genes.

However, biological mechanisms explaining these polymorphisms on the host antiviral immune responses remain to be elucidated. Over the past years, the immune responses in the liver receive much more interest of research to get better understanding on immunopathogenesis of HCV infection.

In this part, we examined the association of polymorphisms in the interferon lambda genes with degranulation activity of lymphocytes (expression of CD107a) in the liver in HCV infection. The results indicated that degranulation process was found in liver lymphocytes in patients carrying favourable IFNL4 genotypes (ss469415590 TT/ G) compared with patients with unfavourable genotypes. By using multiple regression analyses, ALT levels correlate with frequency of CD107a+ NKT cells in the liver. Finally, in patients treated by peg-IFN and RBV, high degranulation activity observed in patients with favourable genotypes (TT/TT of ss469415590 and CC of rs12979860).

In conclusion, we suggest that polymorphisms in the interferon lambda genes associated with intrahepatic lymphocyte degranulation activity and contribute to clearance mechanism of HCV under combination treatment of peg-IFN and Ribavirin. 
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INTRODUCTION

Chronic infection by Hepatitis C Virus (HCV) is a health problem with a worldwide prevalence estimated at 3%. Although some infected individuals spontaneously clear HCV, 70-80% develops chronic infection with a potential risk of liver failure or cirrhosis and hepatocellular carcinoma 1-3 . Intra-hepatic immune (IHI) cell degranulation activity, i.e. release of lytic granules toward the target cells, is strongly influenced by liver microenvironment and is therefore modified depending on liver disease pathogenesis. Even though it is still not clear how IHI cells are regulated and triggered in HCV-infected patients, recent studies have suggested that IHI cell degranulation not only plays an important role in HCV clearance, but may also contribute to hepatocellular damage (see reviews 4-6 ). Until recently, the treatment of chronic hepatitis C was based on the combination of pegIFN-/ribavirin. Response to treatment has been shown to partly depend on patient genetic determinants, specifically single nucleotide polymorphism (SNP) at rs12979860 in the upstream region of the interleukin-28B (IL28B) gene that is strongly associated with sustained virological response 7-10 . However, it has been always difficult to explain conceptually why SNP in non-coding regions near the IL28B gene should be associated with HCV clearance. Therefore over the last years, scientists were looking for possible open reading frame and recently, Prokunina-Olsson and coworkers 11 identified a new transiently induced region harboring a polymorphism ss469415590 ( G or TT alleles). The SNP rs12979860, previously known as IL28B

(current name interferon-lambda 3: IFNL3) variant, is located within the first intron of Interferon-lambda 4 (IFNL4) and thus is also an IFNL4 polymorphism. For clarity, we will refer to these variants as to IFNL4 and rs12979860. Most importantly, ss469415590 G is a frameshift variant that creates a coding gene for a novel interferon protein named interferon-lambda 4 (IFNL4). Only patient with ss469415590 G allele may express IFNL4, which is unfavorable for successful pegIFN-/ribavirin therapy 11 . In addition, experiments on HepG2 cells 11 showed that IFNL4 may induce expression of interferon stimulated genes (ISGs).

Interestingly, it is also known that HCV itself interferes with ISGs expression. Briefly, during HCV infection, the immune response allowed the induction of IFN-Direct consequence of this IFN production is the establishment of an antiviral state with upregulation of intra-cellular ISGs expression through the JAK-STAT pathway 12,13 . In parallel, subsets of suppressor ISGs negatively regulate the IFN pathway. Taken together, these data confirm the key role of ISG expression in the establishment of immune response during HCV infection 14 . In support of this observation, studies on SNP rs1297860 pointed out that chronically infected patients display a significant difference in regard to the ISG expression 15,16 . Thus, in patients inheriting the favorable CC genotype of rs12979860, the expression of antiviral ISGs is found to be low 16-19 , and the expression of suppressor ISGs is high. Interestingly, the fact that IFNL4 induces expression of ISGs 11 suggests that inhibition of IFNL4 might represent a novel therapeutic target for treatment of HCV infection. However, the relationship between 

Extraction of intrahepatic lymphocytes and peripheral blood mononuclear cells

Liver biopsy specimens were obtained using a 1.5 mm diameter disposable biopsy needles with a length range 10-20 mm. One part of the biopsy was used for histopathological examination, and a second part was collected in 1mL of appropriate medium and immediately analysed as previously described 25 . Hepatic cells were then resuspended and immediately stained for FACS analysis. Peripheral blood mononuclear cell were extracted as previously described 25 .

Flow cytometry analysis and FACS Immunostainings

Lymphocytes phenotyping was performed with LSRII cytometer (BD biosciences) using FCS Express 3 and antibodies: anti-CD45 (HI30) anti-CD3 (UCHT1)); anti CD107a (H3A4) from Biolegend, anti-CD56 (NCAM16.2) from BD Biosciences. Immune cells were first selected using a gate set on forward scatter versus side scatter and then for their CD45 expression. From CD45 + gate, NK cells, NKT and T lymphocytes were distinguished through differential expression of CD56 and CD3 (supplementary Figure 1) 25 . Finally, degranulation activity of immune cells was monitored using CD107a expression by flow cytometric analysis 26,27 .

IFNL4 and rs1297860 genotyping

Genomic DNA was extracted from serum of patients using High Pure PCR Template Preparation Kit (Roche) according to manufacturer's instructions and DNA concentration was measured by using the NanoDrop 2000 spectophotometer (Thermo Scientific). IFNL4 genotyping (ss469415590) was performed by the 5' nuclease assay with custom-designed TaqMan ® MGB probes (Life Technologies-Invitrogen) and with primer pairs as described by Prokunina-Olsson 11 . Briefly, the amplification mixture consisted of 2.2µL of 2X master mix (Roche Diagnostics), 5pmol of each primer, 2.5pmol of the TaqMan ® MGB probe and 10ng of DNA. The thermal cycling conditions were following: initial denaturation at 95°C 10min, PCR cycling (45 cycles) at 95°C for 10s, 60°C for 15s and 72°C for 10s. Data were analyzed by endpoint genotyping LightCycler ® software 1.5 (Roche Diagnostics). Genotyping of rs1297860 was performed using serum-derived constitutional DNA by the Roche assay kit according to the manufacturer's instructions.

Statistical analysis

Analyses were performed using SPSS 19.0 software (SPSS Inc., Chicago, IL, USA) as previously described 22 and included the following statistical tests: Mann-Whitney U test, the 2-tailed Spearman's correlation coefficient and linear univariate and multivariate regression analyses. Two-sided P values<.05 were considered to be significant.

RESULTS

The epidemiological, clinical, biochemical and virological variables as well as the IFNL4 and rs1297860 genotyping for all patients are summarized in supplementary Table 1.

Among 72 HCV-infected patients, 56 were infected by HCV-1 genotype [1 (n=10), 1a

(n=16) and 1b (n=30)], and 16 by others viral genotypes (2c, 3a and 4).

IFNL4 and rs1297860 Genotyping

As summarized in 1). Among NASH patients, 70%

were genotyped IFNL4 TT/TT, 30% were G/TT+ G/ G and same distribution was detected for rs1297860.

Association of IFNL4 polymorphisms with the activity of intra-hepatic lymphocytes from HCV-infected patients

First, we investigated the frequency of CD107a + in 34 fresh paired PBMCs and liver samples from HCV-infected patients. In the overall population, the frequencies of peripheral CD107a + immune cells were very low (<1%) and statistically different than that observed in the liver (3.3% vs 0.2%-P<.001 in T lymphocytes, 4.6% vs 0.4%-P<.001

in NKT lymphocytes and 5.1% vs 0.2%-P<.001 in NK cells) (Figure 1). These data indicated that the degranulation process occurred mainly in liver.

Then we investigated if IFNL4 polymorphisms might affect immune response in HCVinfected patients. Patients displayed highly similar global distribution of T, NKT lymphocytes and NK cells within the CD45-positive population independently of the IFNL4 or rs1297860 genotype (supplementary Table 1). However, when we focused on degranulation activity, we observed significant differences in T (5.1% vs 2.7%-P=.001), NKT (7.3% vs 4.1%-P=.004) and NK cells (6.3% vs 4.3%-P=.017) of patients with the favorable IFNL4 TT/TT genotype (n=19) compared to patients with G/TT+ G/ G genotypes (n=53) (Figure 2A). Thus, unfavorable IFNL4 G/TT+ G/ G genotypes were associated to weaker intra-hepatic lymphocyte degranulation activity, suggesting a dominant role for the G allele in the degranulating activity of liver-infiltrating immune cells. Similar differences were observed in association of rs1297860 polymorphism and degranulation activity of lymphocytes (supplementary Figure 2A).

In a second step, we included only patients infected by the viral sub-genotype HCV-1 (1, 1a and 1b) (n=56). Interestingly, patients homozygous for IFNL4 favorable TT/TT genotype showed again a higher number of T (5.1% vs 3.0%-P=.008) and NKT (7.1% vs 4.5%-P=.015) CD107a positive lymphocytes than those carrying IFNL4 G/TT+ G/ G genotypes (supplementary Figure 2B), while no difference was found for NK cells. It should be noted that in unfavorable genotype, the distribution of IHI cells degranulation activity was more homogeneous and restraint than in the patients inheriting the favorable allele as shown in Figure 2A (e.g. Standard Deviation for T lymphocytes was 1.8 ( G/TT+ G/ G) vs 3.4 (TT/TT)). Similar differences were observed also when we focused on genetic polymorphism at the SNP rs1297860 (supplementary Figure 2C).

Activity of intra-hepatic lymphocytes in patients with NASH

One puzzling question was to determine if the HCV itself affects the threshold of degranulation activity in IHI cells in HCV-infected patients. Therefore we chose to analyze the degranulation activity of IHI cells in patients with NASH, who were considered as a control group 20 . The frequency of T, NKT and NK immune cells degranulation in NASH individuals was significantly lower than frequency observed in HCV-infected patients (0.8% vs 3.2%-P=.003, 1.1% vs 4.7%-P=.001 and 1.5% vs 4.8%-P=.030, respectively) (Figure 2B), even though the favorable IFNL4 TT/TT genotype was found in majority (70%) of NASH patients. Similar differences were also found between control group and HCV-1 infected patients (0.8% vs 3.3%-P=.002, 1.1% vs 5.2%-P=.001 and 1.5% vs 4.9%-P=.021, respectively) (Supplementary Figure 2D).

These results underline that the presence of the HCV by itself influences the level of degranulation activity in IHI cells.

Relationship between degranulation activity in liver, clinical parameters and

IFNL4 polymorphism

The relationship between sustaining degranulation activity of IHI cells and clinical or biological parameters was investigated in HCV-infected patients. 3B). On the other hand, no correlation was found between frequencies of CD107a positive IHI cells and viral load or Metavir Fibrosis stage.

Degranulation activity of liver lymphocytes and HCV viral load decline upon treatment

Finally, we analyzed the antiviral response to pegIFN-/ribavirin during the first 4 weeks of treatment and we investigated the relationship between viral decline and degranulation activity before treatment 28 . Eighteen patients received a treatment by pegIFN-ribavirin. The viral load was available at the time of the biopsy and 4 weeks upon treatment administration. As expected, the viral load decline was significantly higher in five patients with TT/TT IFNL4 genotype compared to 13 patients with G/TT+ G/ G genotype (4.0 log UI/mL vs 1.3 log UI/mL-P=.026) (Figure 4A).

Interestingly, these 5 patients all have a decrease in viral load up to 3 log UI/mL. In addition, higher degranulation activity in T lymphocytes was observed in patients with favorable genotype (TT) compared to patients with unfavorable genotype (7.8% vs 2.3%-P<.001) (Figure 4B).

DISCUSSION

In this work, we investigated the cytolytic potential of immune cells by analyzing expression of CD107a 26,27,29,30 . Our data point out that the degranulation activity of immune cells in the liver are associated with both IFNL4 and rs12979860 genotypes.

It has been established that in HCV-infected patients responding to pegIFN-/ribavirin treatment, ISG transcription in the liver is minimally induced 17,19 . Furthermore, rs1297860 CC genotype, linked to good treatment response, was associated to low baseline ISG expression 31 . The scenario, which is consistent with these data, proposes that low baseline ISG expression observed in the good responders renders their IHI cells more sensitive to the biological effect of the IFN-based treatment 31 . This is further supported by the fact that recently discovered IFNL4, which is active in nonresponders and linked to rs1297860 unfavorable genotype, induces the expression of ISGs 11 . Compiling the features observed for IFNL4 and rs1297860 genotypes, we propose that in patients lacking IFNL4, maintaining of quiescent endogenous ISGs at baseline may facilitate, as observed here, the spontaneous degranulation activity of IHI cells. Inversely, IFNL4 can additively act to increase the levels of ISG thus contributing to a low degranulation activity in patients with unfavorable genotype.

During HCV infection, liver immunity is confronted to a dual situation: on the one hand, the increase of the cytolytic activity beneficial for the anti-viral response but with the risk of liver damage, and on the other hand, the control of the cytolytic activity reducing the risk of damage 32,33 . Thus, in patients lacking IFNL4, the sustained killing activity might be hampered by anti-inflammatory cytokines contributing to the persistence of HCV infection and limiting liver injuries. This is in agreement with the fact that functions of activated liver lymphocytes in HCV chronically infected patients are multifaceted including both pro-inflammatory and anti-inflammatory cytokines productions towards the establishment of a beneficial equilibrium preventing liver damage but allowing the viral persistence 22,34 . This statement is further strengthened by the observations that genetic polymorphism at rs1297860 is not associated with necro-inflammation neither with liver fibrosis progression in the liver of HCV-1 genotype infected patients 35,36 who correspond actually to the majority of the patients studied herein.

Upon classical bi-therapy treatment, it has been recently reported that ribavirin inhibits the functions of regulatory T cells and reduces the production of IL10 37 . The reduction in the secretion of IL10 would promote an increase of numbers of T and NKT lymphocytes engaged in a process of degranulation as well as CTL mediated cytotoxicity 15,32,33 . This would favor the effectiveness of anti-viral response in patients with IFNL4 TT genotype whereas the combination of standard regimen of pegIFN-/ribavirin is not efficient in patients expressing IFNL4. Thus sustained degranulation activity of T and NKT cells can be an asset to achieve the virus clearance under bi-therapy treatment.

Our survey on the frequency of immune cells engaged in degranulation process in human liver by direct ex vivo analyses showed a significant difference in the number of CD107a + cells in T, NKT lymphocytes and NK cells between patients with NASH and chronically HCV-infected patients. This observation clearly indicates that the baseline of degranulation activity is augmented in the presence of HCV. Importantly, this enhanced immune mediated activity is independent of the viral genotype. It has been very well documented that a large part of HCV proteins are incorrectly folded and accumulate in infected cells 38 which may lead to process of cell death. Therefore the increase of degranulation activity of IHI cells during HCV-infection is probably related to the fact that immune cells are engaged in the elimination of infected cells which present viral antigens as well as apoptotic cells.

Interestingly, in the same biopsy, the analysis of the frequency of the T, NKT and T cells engaged in degranulation process points out that serum ALT levels are linked to the frequency of CD107a positive NKT lymphocytes and that this correlation is also significant in patients with favorable and unfavorable IFNL4 genotype. Furthermore, regression model underlined that immunological parameters such as the frequency of NKT cells degranulation are parameter contributing to the serum ALT activity. This highlighted the importance of focusing on the functions of immune liver cells in fresh liver biopsy and indicates that the determination of degranulation of immune cells is relevant accounting to the serum ALT levels. Furthermore our data reinforce the involvement of NKT lymphocytes in the generation of hepatic lesions 18, 21, 24 and underline that the frequencies of CD107a positive NKT lymphocytes must be maintained to a low level to avoid adverse clinical consequences. These findings may be more important in HCV carriers expressing IFNL4 where the hepatocytes ISG levels remain high and an increased degranulation activity of IHI cells could not be enough balanced by a production of protective molecules such as IL6 as would be required to maintain liver tissue integrity. Finally, one may consider that the serum ALT level mirror immune cells activity of the liver strengthening its importance for the clinical monitoring.

In conclusion, we propose that IFNL4 polymorphisms significantly influence local immune effectors in their function since patients with favorable genotypes appear to be more competent to develop a polarization of their immune cells and to induce and to polymorphisms in patients with histologically proven chronic hepatitis C (HCV) (n=72), chronic hepatitis C patients restricted to HCV-1genotype (n=56) and patients with histologically proven Non-alcohol-Steato-hepatitis (NASH) (n=10).

Table 2. Regression analyses of serum ALT levels, degranulation activity in the liver of CD107a positive NKT lymphocytes and Metavir Activity grades in HCV-infected patients. were looking for possible open reading frame; recently, Prokunina-Olsson and coworkers [11] identified a new transiently induced region harboring a polymorphism ss469415590 (ΔG or TT alleles). The SNP rs12979860, previously known as IL28B (current name interferon-lambda 3: IFNL3) variant, is located within the first intron of interferon-lambda 4 (IFNL4) and thus is also an IFNL4 polymorphism. For clarity, we refer to these variants as IFNL4 and rs12979860. Most importantly, ss469415590 ΔG is a frameshift variant that creates a coding gene for a novel interferon protein named interferon-lambda 4 (IFNL4). Only patient with ss469415590 ΔG allele may express IFNL4, which is unfavorable for successful pegIFN-α/ribavirin therapy [11]. In addition, experiments on HepG2 cells [11] showed that IFNL4 may induce expression of interferon stimulated genes (ISGs). Interestingly, it is also known that HCV itself interferes with ISG expression. Briefly, during HCV infection, the immune response allowed the induction of IFN-β. Direct consequence of this IFN production is the establishment of an antiviral state with up-regulation of intracellular ISG expression through the JAK-STAT pathway [12,13]. In parallel, subsets of suppressor ISGs negatively regulate the IFN pathway. Taken together, these data confirm the key role of ISG expression in the establishment of immune response during HCV infection [14]. In support of this observation, studies on SNP rs1297860 pointed out that chronically infected patients display a significant difference in regard to the ISG expression [15,16]. Thus, in patients inheriting the favorable CC genotype of rs12979860, the expression of antiviral ISGs is found to be low [16][17][18][19], and the expression of suppressor ISGs is high. Interestingly, the fact that IFNL4 induces expression of ISGs [11] suggests that inhibition of IFNL4 might represent a novel therapeutic target for treatment of HCV infection. However, the relationship between rs1297860 and IFNL4 genotype with the host response has not yet been investigated ex vivo in HCV-infected patients. Here, we collected peripheral blood and fresh liver biopsies from HCV-infected patients and analyzed extemporaneously the function of immune cells involved in the antiviral response. We show that sustaining degranulation activity of IHI cells, detected by the CD107a marker is associated with genetic variation of IFNL4 and rs1297860. This may help to explain how upon bi-therapy treatment, patients with IFNL4 favorable TT/TT genotype and rs1297860 favorable CC genotype are more competent to eradicate HCV. Moreover, we have found the association between degranulation activity of IHI cells and serum ALT levels in HCV-infected patients contributing to the understanding of liver immune response during chronic HCV infection.

METHODS

Patients

Eighty-two patients were included in the study and divided into 2 groups according to the cause of chronic liver disease. Group 1, including 72 patients, had histologically proven untreated chronic hepatitis C (Department of Gastroenterology and Hepatology, Centre Hospitalo-Universitaire de Grenoble) and underwent liver biopsy as part of their diagnostic evaluation; group 2, including 10 patients with histologically proven nonalcoholic-steato-hepatitis (NASH) and histologic necrosis/ activity/steatosis score ≥4 according to Kleiner classification [20] was considered as the control group. We excluded patients with cirrhosis because effector cells and homing signals are substantially altered in fibrotic tissue [21][22][23][24]. In group 1, all patients were anti-HCV antibody positive (ELISA 3, Ortho Diagnostic Systems, USA) and HCV-RNA positive in serum as measured by reverse-transcription quantitative polymerase chain reaction (RT-qPCR; Amplicor HCV, Roche Diagnostic Systems). HCV genotype was determined by Inno-Lipa technology (Innogenetics). ALT serum activity was determined by automated sequential analyser and results were expressed as multiples of normal value [25]. Patient tests were negative for human immunodeficiency virus (HIV) and hepatitis B virus (HBV) infection, and their alcohol consumption was lower than 30 g/day in men and 20 g/day in women. No patients had biochemical markers of autoimmune hepatitis. The study protocol was conformed to the ethical guidelines of the 1975 Helsinki declaration. Patients were enrolled after giving their written informed consent.

Extraction of Intrahepatic Lymphocytes and Peripheral Blood Mononuclear Cells

Liver biopsy specimens were obtained using a 1.5 mm diameter disposable biopsy needles with a length range 10-20 mm. One part of the biopsy was used for histopathological examination, and a second part was collected in 1 mL of appropriate medium and immediately analyzed as described elsewhere [25]. Hepatic cells were then resuspended and immediately stained for FACS analysis. Peripheral blood mononuclear cells (PBMC) were extracted as described elsewhere [25].

Flow Cytometry Analysis and FACS Immunostainings

Lymphocytes phenotyping was performed with LSRII cytometer (BD biosciences) using FCS Express 3 and antibodies: anti-CD45 [HI30] anti-CD3 [UCHT1]); anti CD107a (H3A4) from Biolegend, anti-CD56 (NCAM16.2) from BD Biosciences. Immune cells were first selected using a gate set on forward scatter vs side scatter and then for their CD45 expression. From CD45 + gate, natural killer (NK) cells, NKT and T lymphocytes were distinguished through differential expression of CD56 and CD3 (Supplementary Figure 1) [25]. Finally, degranulation activity of immune cells was monitored using CD107a expression by flow cytometric analysis [26,27].

IFNL4 and rs1297860 Genotyping

Genomic DNA was extracted from serum of patients using High Pure PCR Template Preparation Kit (Roche) according to manufacturer's instructions and DNA concentration was measured by using the NanoDrop 2000 spectophotometer (Thermo Scientific). IFNL4 genotyping (ss469415590) was performed by the 5′ nuclease assay with custom-designed TaqManMGB probes (Life Technologies-Invitrogen) and with primer pairs as described by Prokunina-Olsson [11]. Briefly, the amplification mixture consisted of 2.2 µL of 2X master mix (Roche Diagnostics), 5 pmol of each primer, 2.5 pmol of the TaqManMGB probe, and 10 ng of DNA. The thermal cycling conditions were following: initial denaturation at 95°C 10 minutes, PCR cycling (45 cycles) at 95°C for 10 seconds, 60°C for 15 seconds, and 72°C for 10 seconds. Data were analyzed by endpoint genotyping LightCyclersoftware 1.5 (Roche Diagnostics). Genotyping of rs1297860 was performed using serum-derived constitutional DNA by the Roche assay kit according to the manufacturer's instructions.

Statistical Analysis

Analyses were performed using SPSS 19.0 software (SPSS Inc, Chicago, IL) as described elsewhere [22] and included the following statistical tests: Mann-Whitney U test, the 2-tailed Spearman's correlation coefficient and linear univariate and multivariate regression analyses. Two-sided P values < .05 were considered to be significant.

RESULTS

The epidemiological, clinical, biochemical, and virological variables as well as the IFNL4 and rs1297860 genotyping for all patients are summarized in Supplementary Table 1. Among 72 HCV-infected patients, 56 were infected by HCV-1 genotype (1 [n = 10], 1a [n = 16] and 1b [n = 30]), and 16 by others viral genotypes (2c, 3a, and 4).

IFNL4 and rs1297860 Genotyping

As summarized in Table 1, 19 patients (26%) were homozygous for the favorable IFNL4 (TT) haplotype and 53 patients (74%) were bearing unfavorable ΔG allele. Similar distribution was detected for rs1297860, where unfavorable T allele frequency was 73.0%. Only one out of 72 HCV samples was discordant as regards IFNL4 vs rs1297860 genotyping. The distribution of the unfavorable alleles is close to previous reports for European individuals [10] (Supplementary Table 1). Among NASH patients, 70% were genotyped IFNL4 TT/TT, 30% were ΔG/ TT + ΔG/ΔG, and same distribution was detected for rs1297860.

Association of IFNL4 Polymorphisms With the Activity of Intrahepatic Lymphocytes From HCV-Infected Patients

First, we investigated the frequency of CD107a + in 34 fresh paired PBMCs and liver samples from HCV-infected patients. In the overall population, the frequencies of peripheral CD107a + immune cells were very low (<1%) and statistically different than that observed in the liver (3.3% vs 0.2%-P < .001 in T lymphocytes, 4.6% vs 0.4%-P < .001 in NKT lymphocytes, and 5.1% vs 0.2%-P < .001 in NK cells; Figure 1). These data indicated that the degranulation process occurred mainly in liver.

Then we investigated if IFNL4 polymorphisms might affect immune response in HCV-infected patients. Patients displayed highly similar global distribution of T, NKT lymphocytes, and NK cells within the CD45-positive population independently of the IFNL4 or rs1297860 genotype (Supplementary Table 1). However, when we focused on degranulation activity, we observed significant differences in T (5.1% vs 2.7%-P = .001), Analysis of polymorphisms in patients with histologically proven chronic HCV (n = 72), chronic hepatitis C patients restricted to HCV-1 genotype (n = 56), and patients with histologically proven NASH (n = 10).

Abbreviations: HCV, hepatitis C virus; NASH, nonalcohol-steato-hepatitis. a NASH patients with NAS > 4.

b Results are expressed as mean ± SD.

c ALT, Alanine aminotransferase, results are expressed as multiples of normal values.

NKT (7.3% vs 4.1%-P = .004) and NK cells (6.3% vs 4.3%-P = .017) of patients with the favorable IFNL4 TT/TT genotype (n = 19) compared to patients with ΔG/TT + ΔG/ΔG genotypes (n = 53; Figure 2A). Thus, unfavorable IFNL4 ΔG/TT + ΔG/ΔG genotypes were associated to weaker intrahepatic lymphocyte degranulation activity, suggesting a dominant role for the ΔG allele in the degranulating activity of liver-infiltrating immune cells. Similar differences were observed in association of rs1297860 polymorphism and degranulation activity of lymphocytes (Supplementary Figure 2A). In a second step, we included only patients infected by the viral subgenotype HCV-1 (1, 1a, and 1b; n = 56). Interestingly, patients homozygous for IFNL4 favorable TT/TT genotype showed again a higher number of T (5.1% vs 3.0%-P = .008) and NKT (7.1% vs 4.5%-P = .015) CD107a positive lymphocytes than those carrying IFNL4 ΔG/TT + ΔG/ΔG genotypes (Supplementary Figure 2B), whereas no difference was found for NK cells. It should be noted that in unfavorable genotype, the distribution of IHI cell degranulation activity was more homogeneous and restraint than in the patients inheriting the favorable allele as shown in Figure 2A (eg, standard deviation for T lymphocytes was 1.8 [ΔG/TT + ΔG/ΔG] vs 3.4 [TT/TT]). Similar differences were observed also when we focused on genetic polymorphism at the SNP rs1297860 (Supplementary Figure 2C).

Activity of Intrahepatic Lymphocytes in Patients With NASH

One puzzling question was to determine if the HCV itself affects the threshold of degranulation activity in IHI cells in HCVinfected patients. Therefore, we chose to analyze the degranulation activity of IHI cells in patients with NASH, who were considered as a control group [20]. The frequency of T, NKT, and NK immune cells degranulation in NASH individuals was significantly lower than frequency observed in HCV-infected patients (0.8% vs 3.2%-P = .003, 1.1% vs 4.7%-P = .001, and 1.5% vs 4.8%-P = .030, respectively; Figure 2B), even though the favorable IFNL4 TT/TT genotype was found in majority (70%) of NASH patients. Similar differences were also found between control group and HCV-1 infected patients (0.8% vs 3.3%-P = .002, 1.1% vs 5.2%-P = .001, and 1.5% vs 4.9%-P = .021, respectively; Supplementary Figure 2D). These results underline that the presence of the HCV by itself influences the level of degranulation activity in IHI cells.

Relationship Between Degranulation Activity in Liver, Clinical Parameters, and IFNL4 Polymorphism

The relationship between sustaining degranulation activity of IHI cells and clinical or biological parameters was investigated in HCV-infected patients. Univariate analysis was conducted with serum ALT levels as the dependant variable and frequencies of CD107a positive IHI cells as independent variables. A regression model indicated that when the frequencies of CD107a positive T, NKT lymphocytes, and NK cells increased by 1 U, serum ALT levels increased by 0.114 U/L (P = .020), 0.155 U (P < .001), and 0.065 (P = .0102) respectively (Figure 3A). Then, multivariate analysis was conducted, and regression model showed that only CD107a positive NKT lymphocytes remained independently correlated with serum ALT levels (P < .001) keeping CD107a positive T and NK cells as constant. Interestingly, for a given Metavir activity score, when CD107a positive NKT lymphocytes increased by 1 U, ALT increased by 0.13 IU/L (P < .001) and ALT increased by 1 IU/L when Metavir activity score changed from 1 to 2 (P = .042) and from 1 to 3 (P = .034; Table 2). Taken together, multivariate analysis revealed that (i) the frequency of CD107a positive NKT lymphocytes and serum ALT levels were linked, (ii) as expected, in our cohort of patients, serum ALT levels were associated with Metavir activity score, and (iii) importantly, variations in serum ALT levels cannot be explained only by Metavir activity score but depend also on the frequency of CD107a positive NKT lymphocytes. In addition, when multivariate analysis including IFNL4 polymorphism was conducted, the regression model indicated that when the CD107a positive NKT lymphocytes increased by 1 U, ALT increased by 0.157 IU/L (P = .032) in patients with genotypes 2-6 and by 0.124 (P = .001) in patients with genotype 1 (Figure 3B). On the other hand, no correlation was found between frequencies of CD107a positive IHI cells and viral load or Metavir fibrosis stage.

Degranulation Activity of Liver Lymphocytes and HCV Viral Load Decline Upon Treatment

Finally, we analyzed the antiviral response to pegIFN-α/ ribavirin during the first 4 weeks of treatment, and we investigated the relationship between viral decline and degranulation activity before treatment [28]. Eighteen patients received a treatment by pegIFN-α/ribavirin. The viral load was available at the time of the biopsy and 4 weeks upon treatment administration. As expected, the viral load decline was significantly higher in 5 patients with TT/TT IFNL4 genotype compared to 13 patients with ΔG/TT + ΔG/ΔG genotype (4.0 log UI/mL vs 1.3 log UI/ mL-P = .026; Figure 4A). Interestingly, these 5 patients all have a decrease in viral load up to 3 log UI/mL. In addition, higher degranulation activity in T lymphocytes was observed in patients with favorable genotype (TT) compared to patients with unfavorable genotype (7.8% vs 2.3%-P < .001; Figure 4B).

DISCUSSION

In this work, we investigated the cytolytic potential of immune cells by analyzing expression of CD107a [26,27,29,30]. Our data point out that the degranulation activity of immune cells in the liver are associated with both IFNL4 and rs12979860 genotypes.

It has been established that in HCV-infected patients responding to pegIFN-α/ribavirin treatment, ISG transcription in the liver is minimally induced [17,19]. Furthermore, rs1297860 CC genotype, linked to good treatment response, was associated to low baseline ISG expression [31]. The scenario, which is consistent with these data, proposes that low baseline ISG expression observed in the good responders renders their IHI cells more sensitive to the biological effect of the IFN-α based treatment [31]. This is further supported by the fact that recently discovered IFNL4, which is active in nonresponders and linked to rs1297860 unfavorable genotype, induces the expression of ISGs [11]. Compiling the features observed for IFNL4 and rs1297860 genotypes, we propose that in patients lacking IFNL4, maintaining of quiescent endogenous ISGs at baseline may facilitate, as observed here, the spontaneous degranulation activity of IHI cells. Inversely, IFNL4 can additively act to increase the levels of ISG, thus contributing to a low degranulation activity in patients with unfavorable genotype.

During HCV infection, liver immunity is confronted to a dual situation: on the one hand, the increase of the cytolytic activity beneficial for the antiviral response but with the risk of liver damage, and on the other hand, the control of the cytolytic activity reducing the risk of damage [32,33]. Thus, in patients lacking IFNL4, the sustained killing activity might be hampered by anti-inflammatory cytokines contributing to the persistence of HCV infection and limiting liver injuries. This is in agreement with the fact that functions of activated liver lymphocytes in HCV chronically infected patients are multifaceted including both pro-inflammatory and anti-inflammatory cytokines productions toward the establishment of a beneficial equilibrium preventing liver damage but allowing the viral persistence [22,34]. This statement is further strengthened by the observations that genetic polymorphism at rs1297860 is not associated with necro-inflammation with liver fibrosis progression in the liver of HCV-1 genotype infected patients [35,[START_REF] Thompson | Interleukin-28B polymorphism improves viral kinetics and is the strongest pretreatment predictor of sustained virologic response in genotype 1 hepatitis C virus[END_REF] who correspond actually to the majority of the patients studied herein.

Upon classical bi-therapy treatment, it has been recently reported that ribavirin inhibits the functions of regulatory T cells Abbreviations: ALT, Alanine aminotransferase; HCV, hepatitis C virus.

and reduces the production of IL-10 [START_REF] Langhans | Ribavirin exerts differential effects on functions of Cd4+ Th1, Th2, and regulatory T cell clones in hepatitis C[END_REF]. The reduction in the secretion of IL-10 would promote an increase of numbers of T and NKT lymphocytes engaged in a process of degranulation, as well as CTL mediated cytotoxicity [15,32,33]. This would favor the effectiveness of antiviral response in patients with IFNL4 TT genotype, whereas the combination of standard regimen of pe-gIFN-α/ribavirin is not efficient in patients expressing IFNL4. Thus, sustained degranulation activity of T and NKT cells can be an asset to achieve the virus clearance under bi-therapy treatment.

Our survey on the frequency of immune cells engaged in degranulation process in human liver by direct ex vivo analyses showed a significant difference in the number of CD107a + cells in T, NKT lymphocytes, and NK cells between patients with NASH and chronically HCV-infected patients. This observation clearly indicates that the baseline of degranulation activity is augmented in the presence of HCV. Importantly, this enhanced immune mediated activity is independent of the viral genotype. It has been very well documented that a large part of HCV proteins are incorrectly folded and accumulate in infected cells [START_REF] Deleersnyder | Formation of native hepatitis C virus glycoprotein complexes[END_REF], which may lead to process of cell death. Therefore, the increase of degranulation activity of IHI cells during HCV infection is probably related to the fact that immune cells are engaged in the elimination of infected cells that present viral antigens as well as apoptotic cells.

Interestingly, in the same biopsy, the analysis of the frequency of the T, NKT, and NK cells engaged in degranulation process points out that serum ALT levels are linked to the frequency of CD107a positive NKT lymphocytes and that this correlation is also significant in patients with favorable and unfavorable IFNL4 genotype. Furthermore, regression model underlined that immunological parameters such as the frequency of NKT cell degranulation are a parameter contributing to the serum ALT activity. This highlighted the importance of focusing on the functions of immune liver cells in fresh liver biopsy and indicates that the determination of degranulation of immune cells is relevant accounting to the serum ALT levels. Furthermore, our data reinforce the involvement of NKT lymphocytes in the generation of hepatic lesions [18,21,24] and underline that the frequencies of CD107a positive NKT lymphocytes must be maintained to a low level to avoid adverse clinical consequences. These findings may be more important in HCV carriers expressing IFNL4 where the hepatocytes ISG levels remain high and an increased degranulation activity of IHI cells could not be balanced enough by a production of protective molecules such as IL-6 as would be required to maintain liver tissue integrity. Finally, one may consider that the serum ALT level mirror immune cell activity of the liver strengthening its importance for the clinical monitoring.

In conclusion, we propose that IFNL4 polymorphisms significantly influence local immune effectors in their function because patients with favorable genotypes appear to be more competent to develop a polarization of their immune cells and to induce and to ensure HCV clearance upon IFN-α/ ribavirin treatment. Our data highlight a new link between degranulation activity of IHI cells IFNL4 polymorphisms and ALT levels. These findings further clarify the different behaviors and responses to treatment observed in patients accordingly to their IFNL4 genotypes helping to better guide future strategies for clinical management of HCV-infected patients.
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Supplementary materials are available at The Journal of Infectious Diseases online (http://jid.oxfordjournals.org/). Supplementary materials consist of data provided by the author that are published to benefit the reader. The posted materials are not copyedited. The contents of all supplementary data are the sole responsibility of the authors. Questions or messages regarding errors should be addressed to the author. In our part, we investigated several cytokine gene polymorphisms in patients infected with HCV genotype 1. Among 71 patients treated by combination therapy of peg-IFN and Ribavirin, 37 patients (52.1%) had a sustained virological response and 34 patients (47.9%) were considered as treatment failure (non-response and relapsed response).

Notes

Association of Cytokines Genes

The results indicated that patients carrying heterozygous genotype of IL-10 (rs1800896 A/G) associated with response to treatment. There was no significant association of IL-17 (rs2275913A/G) and IFN-(rs2430561T/A) polymorphisms with the outcome of treatment was found. For liver fibrosis, there were 48 patients (67.6%) presented with mild and moderate fibrosis (F1 and F2), whereas only 23 patients (32.4) with severe fibrosis (F3 and F4). We showed a significant association observed between polymorphism of IFN-and the severity of chronic hepatitis C. By using logistic regression analysis, T allele of IFN-and the presence of steatosis are independent predictive factor of severity of HCV -related liver disease.

Introduction

Hepatitis C virus (HCV) infection affects more than 170 million people worldwide in which 70-80% progress to chronic infection. There is currently no effective vaccine to prevent HCV infection. Chronic HCV infection is a leading cause of chronic liver diseases including chronic hepatitis C, liver cirrhosis, hepatocellular carcinoma and is the first indication for liver transplantation in United State and developed countries (Lavanchy, 2009), (O'Leary et al., 2008). Until recent years, the standard-of-care for treatment of hepatitis C is combination therapy of peg-IFN (2a or 2b) and Ribavirin (RBV) for 48 weeks with HCV genotype 1 and 24 weeks for HCV genotype 2 and 3, respectively ("EASL Clinical Practice Guidelines," 2011). However, there are only about 50 % of the patients infected with HCV genotype 1 achieved a sustained virological response and this regimen is costly and is associated to significant side effects. Therefore, it is very crucial to identify pretreatment predictors before commencement of antiviral therapy in treatment of hepatitis C.

The host immune responses including both the innate and adaptive immune response are believed to play the key role in successful clearance or persistent infection (Dustin and Rice, 2007), (Ishii and Koziel, 2008). Epidemiological studies have shown that the host, viral and environmental factors are associated with the clinical course of HCV infection. So far, many studies have shown that polymorphisms in genes prominently involved in the host innate and adaptive immune responses are associated with the treatment outcome of HCV infection (Rauch et al., 2009), (Schmidt et al., 2011), (Sibbing and Nattermann, 2011). It has been shown that polymorphisms of several cytokine genes associated to the outcome of HCV infection and treatment response (Barrett et al., 2003), (Dai et al., 2006), (Chuang et al., 2009), (Knapp et al., 2003). In HCV infection, the production of inadequate cytokine levels is associated with the outcome of disease and affects response to antiviral therapy. Serum concentrations of several cytokines such as IL-2, IL-4, IL-6, TGF -1, IL-10, IL-17 and IFN-are also reported to be elevated in chronic hepatitis C infection compared with healthy individuals (Cacciarelli et al., 1996), (Lapi ski, 2001). Cytokine production might be controlled by the host genetic factors, therefore, the implication of the genetic polymorphisms with the pathogenesis and the treatment outcome of HCV infection almost focused on the cytokine genes. The role of polymorphisms in the IFN-and IL-10 in clearance of HCV has been investigated, but, some of those results are still in conflict.

Interleukin 17 (IL-17) is a more recently described family of proinflammatory cytokines which includes six members: IL-17A, IL-17B, IL-17C, IL-17D, IL-17E, and IL-17F. IL-17 is produced mostly by by Th17 cells, a lineage of CD4+ helper T cells (Kolls and Lindén, 2004), (Korn et al., 2009). It has been shown that IL-17 play an active role in immuno-inflammatory responses associated with infectious diseases, autoimmune disorders and cancers (Pappu et al., 2010), (Lafdil et al., 2010). Recent studies have indicated the role of IL-17 and Th17 cells in viral hepatitis (Lafdil et al., 2010), (Ye et al., 2010) in stimulating liver inflammation during HCV infection. In HCV-infected patients treated peg-IFN and RBV, a decrease of both Th1 and Th17 responses led to a reduction of liver inflammation induced by HCV (Jimenez-Sousa et al., 2010). Similarly to other cytokines, polymorphisms of IL-17A have been reported to be associated with infectious diseases such tuberculosis, brucellosis, and HBV infection (Ocejo-Vinyals et

The criteria for exclusion were an age under 18 years, co-infection with hepatitis B virus or HIV, other causes of chronic liver disease, alcohol consumption higher than 30g/day, and current or past immune-modulatory or antiviral treatment. Patients' clinical characteristics and laboratory parameters were collected were shown in table 2. All patients provided informed consent according to with the 1975 Declaration of Helsinki and the study was approved by the local ethics committee.

Polymorphisms genotyping

Genomic DNA was extracted from serum using High Pure PCR Template Preparation Kit (Roche) according to manufacturer's instructions and DNA concentration was measured by using the NanoDrop 2000 spectophotometer (Thermo Scientific) and all samples were diluted to a final DNA template concentration of 10 ng/ l for PCR.

Genotyping of IFN -polymorphism (+874T/A, rs2430561), we used the allele specific sequence primer-PCR method with primers published by Pravica. V et al (Pravica et al., 2000). For polymorphisms of IL-10 at -1082 G/A (rs1800896) and IL-17 at -152G/A (rs2275913) polymorphism we used previously described protocol Catherine J. et al (Edwards-Smith et al., 1999) and Jiechua C et al (Chen et al., 2010).

Treatment regimen and assessment of treatment outcome.

All patients were treated by a combination of peg-IFN 2a (180µg/week) and Ribavirin 1000-1200mg/day according to the weight for 48 weeks. SVR was determined 6 months after the end of therapy and RVR was determined as serum undetectable HCV -RNA at week 4 of treatment according to the current guideline of the EASL.

Statistical methods: Statistical analysis was done with SPSS 13.0. The allele frequencies were tested for the Hardy-Weinberg equilibrium using Chi-square test. The clinical characteristics and laboratory parameters were compared using Chi-square test for categorical variables or Fisher exact tests as appropriate and Student's T tests for quantitative variables. Values of p < 0.05 were considered statistically significant.

Results (detail present observed results)

Patient's characteristics

Patient's characteristics enrolled in the present study were summarized in Table 1.

Patients include 32 men and 39 women with mean age was 52.56 ±9.62 years and mean BMI was 24.37±3.00. The mean pretreatment alanine aminotransferase (ALT), aspartate aminotransferase (AST) and gamma glutamyl transferase (GGT) levels were 73.83±52.67 IU/L; 103.65±77.92 IU/L and 79.37±93.53 IU/L, respectively. The total bilirubin level was 25.32±23.55 µg/mL. As for liver fibrosis, there were 48 patients (67.6%) presented with mild and moderate fibrosis (F1 and F2), whereas only 23 patients (32.4) with severe fibrosis (F3 and F4). For pretreatment viral loads, 48 patients (67.6%) with high HCV-RNA load (>600.000IU/ml) and 23 patients (32.4%) with low HCV-RNA (<600.000IU/ml). Of 71 patients treated by combination therapy, rapid virological response (RVR) at week 4 achieved in 13 patients (18.3%), 37 patients (52.1%) had a sustained virological response and 34 patients (47.9%) were considered as treatment failure (non-response and relapsed response). 

Distribution of IFN -and IL-

Association of cytokines genes polymorphisms with treatment response

The role of studied cytokines genes polymorphisms on treatment response is shown in table 3. In our study, there was significant association of IL-10 polymorphism with response to treatment. Patient carrying heterozygote genotype of IL-10 had higher treatment response rate (62.2% versus 32.4%, p=0.01). No association was observed between polymorphisms in IFN -and IL-17 genes and treatment outcome.

Impact of cytokine genes polymorphisms on the severity of chronic hepatitis C

To evaluate the impact of cytokines genes polymorphisms with the severity of chronic hepatitis C, we divided patients into 2 subgroups according to the stage of liver fibrosis (F1-2 and F3-4). The results presented in table 3. In our study, there was a significant association of IFN -polymorphism with the stage of liver fibrosis. Patients bearing T allele of IFN gamma were associated with an increased risk of advanced liver fibrosis.

There was not significant correlation observed between IL-10 and IL-17 polymorphisms and the severity of liver disease. By using multivariate logistic regression analysis, the T allele and the presence of steatosis are independent predictive factors strongly correlated with the severity of liver disease (OR=8.2, CI=1. p=0.011 and OR=6.8,p=0.008) (Table 6).

Discussion

Hepatitis C virus infection is one of the leading causes of chronic liver disease around the world, and eventually leads to liver cirrhosis and hepatocellular carcinoma. The current standard of therapy for hepatitis C is a combination of peg-IFN and Ribavirin, however, success rate of treatment is variable and only about 50% of patients infected with HCV genotype 1 achieved a sustained virological response. The host immune responses are believed to play a critical role in both the spontaneous resolution of HCV and in the immune-mediated liver injury mechanism in chronic hepatitis C. Cytokines, as key factors of immune responses, play important roles in regulating the host immune responses against HCV and in the immunopathogenesis of HCV infection. Especially host genetic variations of several cytokine genes have been demonstrated to influence on the production of cytokine levels and to be associated with the clinical outcome of disease as well as response to antiviral therapy. However, there have been no previous studies concerning to the simultaneous impact of polymorphisms in IFN -, IL-10 and IL-17A genes on the severity of chronic hepatitis C.

The IFN -gene polymorphism influences on its gene expression, which may lead to the change of the IFN gamma production. It has been reported to contribute to the chronic hepatitis C. Our results have shown that there was significant difference in the distribution of IFN -genotype frequencies associated with the severity of liver disease in patients infected with HCV genotype 1. It seems reasonable that the stage of liver fibrosis was more severe in patients carrying the T allele of IFN -+874 T/A and our findings were similar to report from S. Barrett et al (Barrett et al., 2003) and Nadia. B et al (Bouzgarrou et al., 2009). Using multivariate logistic regression, we showed that patients carrying the T allele and the presence of steatosis are independent predictive factors for the severity of disease in chronic hepatitis C (Table 6).

IL-10, a cytokine is produced by Th2 lymphocytes, which can downregulate the cellmediated immune mechanisms that are important for host defense against viral infections. The production of IL-10 levels is regulated by several polymorphisms at promoter region of IL-10 gene. In HCV infection, some authors have reported that the level of plasma IL-10 in chronic hepatitis C patients is higher than that observed in healthy individuals. Turner DM et al have shown that patients with GG genotype produce two fold greater quantities of IL-10 as compared with individuals carrying GA and AA genotype at the same position (Turner et al., 1997). Others revealed an association of the GG genotype at -1082GA with chronic HCV infection (Knapp et al., 2003b). Our result showed that there was no significant association observed between IL-10 polymorphisms with the severity of HCV-1 related liver disease. This was consistent with several previous reported studies.

Recently, with the discovery of Th17 cell, a new lineage of T helper cells secretes IL-17, a proinflammatory cytokine (also known as IL-17A), which plays important roles in the host immunity against intracellular pathogens and in chronic inflammatory conditions.

Emerging findings about the role of Th17 in HBV infection and HCC suggest immunopathogenesis and liver injury mechanism in viral hepatitis associated with IL-17 (Zhang et al., 2010), (Huang et al., 2014). In addition, the frequency of Th17 cells in the liver and serum IL-17 levels have been shown to be elevated in HCV infection (Chang et al., 2012), (Foster et al., 2012), (Sousa et al., 2012). Polymorphisms in IL-17A gene have been demonstrated to be associated with HBV infection (Li et al., 2012), however, little information known about the role of IL-17A polymorphisms in chronic HCV infection to date. In this study, our results have indicated that there was no significant association of IL-17 polymorphisms with the severity of hepatitis C and the outcome of treatment based on combination therapy of peg-IFN -2a and RBV.

In conclusion, the results of this study suggest that polymorphism in the IFN -• appears to play an important role in pathogenesis of chronic HCV infection as well as influence on the severity of liver disease. Thus, it is very critical to understand functional mechanism of these polymorphisms involved in immune response to HCV infection and this will be able to reach closer step to target therapy and personalized medicine for the control of hepatitis C virus infection. [START_REF] Lavanchy | Evolving epidemiology of hepatitis C virus[END_REF]. It is a major cause of mortality and morbidity worldwide. HCV infection is a complex disease process and its long term sequelae may include chronic HCV infection, liver cirrhosis, the end stage of liver disease and hepatocellular carcinoma [START_REF] Hajarizadeh | Epidemiology and natural history of HCV infection[END_REF]. It is the leading indication of liver transplantation in US and developed countries (O' Leary et al., 2008). Over the past 25 years, since HCV was discovered in 1989 [START_REF] Choo | Isolation of a cDNA clone derived from a blood-borne non-A, non-B viral hepatitis genome[END_REF], followed by the advent of blood transfusion screening and blood derived products resulted in significant reduction of newly incidence of HCV infection [START_REF] Aach | Hepatitis C virus infection in post-transfusion hepatitis. An analysis with first-and second-generation assays[END_REF]. In addition, knowledge about cellular and structural biology of HCV as well as complete life cycle of HCV become available in 2005 [START_REF] Penin | Structural biology of hepatitis C virus[END_REF], [START_REF] Moradpour | Replication of hepatitis C virus[END_REF], which pave a new way for developing of targeting antiviral agents in treatment of hepatitis C [START_REF] Bartenschlager | The molecular and structural basis of advanced antiviral therapy for hepatitis C virus infection[END_REF] lacking a discrete basement membrane, along with the bloodstream flows slowly via hepatic sinusoid, which lead to facilitate for contact of hepatic immune cells with circulating pathogens as well as recruitment of circulating lymphocytes into the liver [START_REF] Racanelli | The liver as an immunological organ[END_REF].

During HCV infection, the hepatocytes are main target for HCV with an estimate that up to 30-50% of hepatocytes are infected with HCV. It has been shown that the HCV (FAS/FASL) mechanism, which trigger the inherent apoptotic response. In addition, they also produce antiviral cytokines that inhibit viral replication [START_REF] Russell | Lymphocyte-mediated cytotoxicity[END_REF]. It has been demonstrated that the intrahepatic lymphocytes express a high degree of activation and spontaneous cytotoxicity [START_REF] Jenne | Immune surveillance by the liver[END_REF]. In HCV infection, T lymphocyte responses play important role in determining the outcome of acute and chronic HCV infection (Klenerman and Thimme, 2012). NK cells also have been suggested to contribute for controlling of HCV and involve in pathogenesis of HCV-induced chronic liver diseases (Golden-Mason and Rosen, 2013).

As reported in several studies, the frequency of NK T cells in the liver was significant higher as compared with those in peripheral blood. It has been shown that the proportion of intrahepatic T lymphocytes was strongly correlated with the severity of liver diseases. In another study, intrahepatic T lymphocytes in patients with chronic hepatitis C had significantly higher frequencies than on peripheral lymphocyte subsets [START_REF] Wang | Expression of chemokine receptors on intrahepatic and peripheral lymphocytes in chronic hepatitis C infection: its relationship to liver inflammation[END_REF]. Compared with chronic hepatitis B, T lymphocyte frequencies in the liver in patients with chronic hepatitis C observed higher than in peripheral blood. When evaluated functional activity of T lymphocytes in the liver in chronic HCV infection, most of studies have demonstrated that impaired functions of T intrahepatic lymphocytes both cytotoxic activity and cytokine production (Wang et al., 2006). In fact, Although HCV -specific CD8+ T cells was persistent in the liver, but they could not eradicate completely the virus because of their functional defects as indicated by impaired capacity to produce IFN- (Wedemeyer et al., 2002). The levels of IFN-production in CD4+ and CD8+ cell subsets from the liver were lower than those from the peripheral blood. For the cytotoxic activity, intrahepatic CD8+ T cells expressed significantly lower level of perforin than peripheral CD8+ T cell. By contrast, the levels of FasL were significantly higher for both CD4+ and CD8 T cells in the liver compared peripheral blood [START_REF] Knolle | Hepatic Immune Regulation and its Involvement in Viral Hepatitis Infection[END_REF]. In our study, the frequency of lymphocytes expressing CD107a in the liver was higher than in peripheral blood (3.3% vs 0.2%, p<0.001 in T lymphocytes, 4.6% vs 0.4%, p<0.001 in NKT cells, and 5.1% vs 0.2%-p<0.001 in NK cells). When compared with control group (patients with non alcoholic steatosis hepatitis), the frequency of T, NKT, NK immune cells degranulation was higher in the liver of patients with chronic hepatitis C (0.8% vs 3.2%, p=0.003, 1.1% vs 4.7%, p=0.001, and 1.5% vs 4.8%, p=0.03, respectively). These indicated that lymphocytes were accumulated in the liver rather than in peripheral blood in chronic HCV infection. It could explain that the degranulation activity occurred mainly in the liver. Interestingly, the frequency of CD107a+ lymphocytes in the liver linearly correlated with elevated ALT level and Metavir activity score. When analysed on degranulation activity in relationship to IFNL4 polymorphisms, our results indicated that significant differences observed in T

(5.1% vs 2.7%, p=.001), NKT (7.3% vs 4.1%, p=.004) and NK cells (6.3% vs 4.3%, p=.017) of patients with the favorable IFNL4 TT/TT genotype (n=19) compared to those with G/TT+ G/ G genotypes (n=53). This suggest that a dominant role of G allele for the degranulation activity of intrahepatic immune cells in patients with chronic HCV infection. A similar observation was also found when focused on the SNP at rs12979860 C/T. As reported by others, a new variant of IFNL4, ss469415590 ( G/TT), creating a frame-shift of an unknown gene, now designed as interferon lambda 4 (IFNL4). One interesting point, individuals carrying G allele produce a novel interferon, IFNL4, associated with impaired clearance of HCV in Africa-America patients (Prokunina-Olsson et al., 2013a). A great effect was made until recent years to determine its functional activity of these variants in HCV infection, however, a molecular mechanism affecting on resolution of HCV infection remains to be explored. In this study, we first showed the relationship of IFNL4 polymorphisms and liver-immune cells activity by analysing expression of CD107a, a marker of functional activity of cytotoxic cells includes cytotoxic T lymphocytes, NKT and NK cells [START_REF] Aktas | Relationship between CD107a expression and cytotoxic activity[END_REF]. Thus, we proposed that individuals lacking IFNL4 may result in lower spontaneous cytotoxic degranulation activity as observed in our genotype of rs12979860 compared to 87% in patients carrying the T allele (OR=7.9, CI=1.8-35.1, p=0.006) [START_REF] Lawitz | Sofosbuvir for previously untreated chronic hepatitis C infection[END_REF]. Similarly, patients with favourable IFNL3 genotype treated with semiprevir plus peg-IFN /RBV achieved higher SVR rates (96%) than those with C/T or T/T genotypes (74% and 65%, respectively) [START_REF] Jacobson | 1425 Simeprevir (TMC435) with peg-interferon /ribavirin for chronic HCV genotype 1 infection in treatment-naïve patients: results from quest-1,a phase III trial[END_REF]. These results indicate that the effect of the IL28B genotype on SVR is still valuable in the setting of triple therapy with NS3/4A protease, NS5A or NS5B polymerase inhibitors. Thus, it is still a useful tool in pre-treatment counselling and for identifying patients eligible for predictability of treatment outcome. Over two years, with approval of DDAs for the treatment of hepatitis C and opened a new epoch in the field of chronic hepatitis C therapy. To date, a series of clinical trials for new DAAs in development and the field for treatment of HCV infection is rapidly evolving towards interferon-free regimens with high sustained virological response (SVR) rates in near future. However, it also poses larger challenge associated with additional side effects, drug interaction and high costs of treatment. In France, it is estimated that the mean cost of treatment with triple therapy about 37.000€ [START_REF] Brouard | 984 cost-effectiveness of HCV treatment in genotype 1 naïve patients in 2012[END_REF]. The next wave of therapy with simeprevir or sofosbuvir in combination with peg-IFN /RBV has again increased treatment efficacy, but the cost of monotherapy course of sofosbuvir could excess of $84,000 for 12 weeks [START_REF] Reau | Sticker shock and the price of new therapies for hepatitis C: Is it worth it?[END_REF], whereas the treatment cost per patient treated by peg-IFN /RBV achieving SVR averaged 17,900€ for HCV-1 [START_REF] Francioso | A simple rule to personalize standard dual therapy across all genotypes in naive chronic hepatitis C patients: the TT4 randomized trial[END_REF]. Therefore, therapy based on peg-IFN /RBV is still dominant regimen in the immediate future for hepatitis C genotype 1 in resource -limited regions. On the other hand, identification of treatment-naïve patients could benefit combination therapy of peg-IFN /RBV will help clinicians to optimize treatment outcome and reduce significant costs and avoid side-effects of antiviral drugs. In our study, we showed that the IFNL4 and RVR were favourable factors for predictability of SVR. This result suggests an individualized treatment for chronic hepatitis C genotype 1 based on IFNL4 polymorphism and RVR.

Impact of cytokines genes polymorphisms on the severity of chronic hepatitis C

The outcome of HCV infection is influenced by both the viral and host factors. It is believed that the host immune responses play critical roles in determining the outcome of HCV infection. Most of the clinical syndromes associated with this HCV reflect the interaction between virus and the host immune systems (Dustin and Rice, 2007). However, HCV, a pathogen is very successful in establishing a chronic infection. Chronic hepatocellular damage during HCV infection results in development of liver fibrosis and subsequent liver cirrhosis, and eventually to hepatocellular carcinoma [START_REF] Castello | HCV-related hepatocellular carcinoma: From chronic inflammation to cancer[END_REF]. Over the decade, many studies have investigated the host genetic polymorphisms in the context of chronic HCV infection. Most of those focused on cytokine gene polymorphisms due to cytokine is responsible for immune responses both in viral clearance and in hepatocellular injury [START_REF] Fallahi | Cytokines and HCV-related disorders[END_REF]. Several polymorphisms in cytokine genes such as TNF-, TGF-, IL-4, IL-6, IL-10, IL-18 and IFN-have been reported to be associated with susceptibility to chronic HCV infection as well as response to treatment [START_REF] Gutierrez-Reyes | Liver fibrosis and chronic viral hepatitis[END_REF], [START_REF] Deshpande | Genetic Variation of Host Immune Response Genes and Their Effect on Hepatitis C Infection and Treatment Outcome[END_REF]. However, some of those results are still controversial. Recently, polymorphisms in IL-17 gene also receive more attention in pathobiology of viral hepatitis (Lafdil et al., 2010). IL-17, a cytokine produced by Th17, which is a new lineage of CD4+ T helper cells play an important role in stimulating inflammatory response (Kolls and Lindén, 2004b). During HCV infection, it has been shown that IL-17 and Th17 associated with severity of chronic hepatitis (Sousa et al., 2012), (Chang et al., 2012). Polymorphisms in IL17 have been demonstrated to be associated with the progression of HBV infection (Ye et al., 2010), (Li et al., 2012), however, the role of polymorphisms in IL-17 is little investigated to date in the context of HCV infection. In the present study, we investigated the role of polymorphisms in IL-10 (-1082 A/G, rs1800896), IL-17 (-152A/G, rs2275913) and IFN-(+874 A/T, rs2430561) in relationship to treatment response of peg-IFN and RBV regimen and the severity of chronic hepatitis C. The results indicated that there were no significant association between polymorphisms in IL-17 and IFN-genes and response to treatment (Table 3.4). For the IL-10 polymorphism, patients with SVR bearing heterozygous genotype had higher frequency compared to patients with treatment failure (62.2% versus 32.4%, p=0.03). Next, we analysed the association of studied cytokine gene polymorphisms with the severity of chronic hepatitis C. In our study, there was only significant correlation of IFN-polymorphism with the severity of HCV genotype 1-related liver disease (Table 3.5). When using logistic regression model, we indicated that T allele and the presence of steatosis are independent predictive factor affecting the severity of liver disease (OR = 8.2 CI=1. p=0.011 and OR = 6.8,p=0.008,respectively). This result is consistent with previous reported studies (Dai et al., 2006). This suggests that polymorphism in IFN-gene is a valuable biomarker, which help for evaluation of the severity of HCV-related liver disease.

There was no significant association of IL-17 polymorphism with the severity of HCV-related liver disease found in this study. This may be limit of sample size enrolled into the study.

Which techniques should be used routinely for genotyping of polymorphisms in interferon lambda genes?

The host genetic factors have long suspected to influence on the outcome of HCV infection. In recent years, several independent reports using genome wide association studies approach have identified an important role of IFNL3 polymorphisms associated with both spontaneous HCV clearance and treatment response to combination regimen of peg-IFN /RBV. Subsequent studies have repeatedly reported from different study cohorts, and therefore IFNL3 polymorphisms were considered as "state of the art" in HCV pharmacogenetics [START_REF] Afdhal | Hepatitis C pharmacogenetics: state of the art in 2010[END_REF]. IFNL3 polymorphisms testing recommended in current EASL guideline for selection of patients should be treated with peg-IFN /RBV therapy (European Association For The Study Of The Liver, 2013).

To date, there are a lot of methods used for identification of IFNL3 polymorphisms and sequencing is still considered as the gold standard for genotyping of IFNL3 polymorphisms as well as to validate other methods [START_REF] Fiorina | Comparison of three different methods for the evaluation of IL28 and ITPA polymorphisms in patients infected with HCV[END_REF]. In addition, it can also identify a novel mutation at gene region of interest. Other methods described such as realtime-PCR using Taqman -probe [START_REF] Cariani | Interleukin 28B genotype determination using DNA from different sources: A simple and reliable tool for the epidemiological and clinical characterization of hepatitis C[END_REF] or FRET-probe [START_REF] Halfon | Detection of IL28B SNP DNA from buccal epithelial cells, small amounts of serum, and dried blood spots[END_REF], which indicate with high sensitivity, rapid

Conclusions

With all data presented in this thesis, we pointed out following main conclusions:

i. IFNL4 polymorphisms were associated with treatment response to peg-IFN /RBV regimen in patients infected with HCV-1.

ii. association of IFNL4 variants with the degranulation activity of immune cells in the liver in chronic HCV infection. Thus, these findings could explain a part of effects of IFNL3 polymorphisms on the resolution of HCV as well as pathogenesis mechanism of chronic HCV infection. However, the functional role of IFNL4, the main cellular resources of IFN-4 secretion, its receptors and signaling pathway need to be further explored and this will address an interesting direction for research in the future. In addition, the role of IL-17, its polymorphisms and Th17 cells is an interesting topic for investigators to better understand immunopathogenesis associated with the host immune responses in HCV infection and lead to an effective vaccine strategy in the future. 
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  progression and complication of HCV -related liver diseases including cirrhosis, endstage liver disease and hepatocellular carcinoma. Until recent years, the standard treatment of hepatitis C based on a combination therapy of peg-IFN and RBV resulted in a sustained virological response (SVR), defined as serum HCV-RNA level is undetectable at the 24 weeks after the completion of antiviral therapy (European Association For The Study Of The Liver, 2013).Treatment indication of HCV infection: All HCV -naive patients with detectable HCV-RNA level in the serum should be considered the benefit of antiviral therapy with peg-IFN and RBV. The current guideline of treatment -naïve patients recommended that the optimal dose of peg-IFN-2a is 180 µg once per week, whereas peg-IFN-2b should be used at a weight-based dose of 1.5 µg/kg per week for all genotypes, subcutaneously, and daily oral RBV with dose depending on body weight and HCV genotypes. For patients infected with HCV genotype 1, 4 and 6, daily dose of RBV is 15 mg/kg body weight, whereas patients infected with HCV genotypes 2 and 3 can be treated with a ßat dose of 800 mg of RBV daily (European Association For The Study Of The Liver, 2013).

  These variants located on the long arm of chromosome 19 upstream of the IFNL3 gene encoding for IFN-3, a member belongs to type III -IFN family together with IFN -1 (encoded by IFNL1, formerly IL-29) and IFN-2 (encoded by IFNL2, formerly IL28A) discovered in 2003 using computational methods[START_REF] Kotenko | IFN-s[END_REF]. They have more structurally related to IL-10 family cytokines, but their function is more similar to type I IFN (IFN-/ ). In contrast to distribution of IFN-receptors, which are expressed on a variety of cell types, type III -IFN receptors are only expressed on restricted type of cells, which origin epithelial cells (hepatocytes, plasmacytoid dendritic cells). IFN-s signal via JAK/STAT pathway. In vitro, IFN-s inhibit HCV replication[START_REF] Robek | Lambda interferon inhibits hepatitis B and C virus replication[END_REF].However, the functional mechanisms that mediate the associations between different variants and antiviral immune responses as well as in response to treatment in the control of HCV are not defined[START_REF] Balagopal | IL28B and the Control of Hepatitis C Virus Infection[END_REF]. Most recently, a novel causal genetic variant (ss469415590 TT/ G), creating a frame shift in a yet unknown gene, named IFNL4 and located upstream of the IFNL3 gene, that is in strong linkage disequilibrium with rs12979860 has been identified as a strong predictor associated with impaired clearance of HCV infection(Prokunina-Olsson et al., 2013). Interestingly, this polymorphism now located within the exon 1 of IFNL4 gene (Figure1.12) and it seems to strongly predict clearance of HCV as compared with previously uncovered rs12979860 C/T in individuals of African ancestry. Despite IFNL4 polymorphisms are associated with the treatment outcome of HCV, functional mechanisms explaining the influence of this polymorphism on antiviral immune response remains to be elucidated.
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 112 Figure 1.12. The location of polymorphisms in IFN-genes on chromosome 19

Chapter 2 :

 2 individuals will progress to a chronic HCV infection. Until recently, standard of care HCV treatment is combination therapy of peg-IFN and RBV regimen, but only an half of HCV-1 infected patients achieved a sustained virological response (SVR). Over the past years, the rapid development of new antiviral drugs for HCV treatment has stimulated the predictions that HCV will be eradicated next decade. However, treatment costs are expected to be very expensive. Thus, therapy based on peg-IFN and RBV is still a main component of treatment regimens in near future before new treatment regimens become available. In addition, treatment costs based on peg-IFN and RBV are quite high and this regimen associated with poor tolerability and significant toxicity of drugs. It therefore is very important to identify pre-treatment factors for predicting of treatment outcome. In 2009/2010, four genome wide association studies have identified single nucleotide polymorphisms around the interferon lambda 3 gene (IFNL3, formerly known as IL28B), which encode for interferon 3 (IFN-3) as predictors of both response to treatment based on peg-IFN and ribavirin and spontaneous clearance of HCV. Interestingly, a functional variant ss469415590TT/ G upstream of IFNL3 was currently discovered in relationship to the outcome of HCV infection. However, biological mechanisms of these polymorphisms influencing on antiviral immune responses were not yet unclear. In addition, it is accepted that the host's immune responses including both innate and adaptive immune responses play pivotal roles in viral controlling and finally clearance. Recent years, immune responses in the liver received more interests of research in chronic HCV infection. But, it is unclear that why some individuals could clear the virus, others did not. To address these issues, in our study, we have investigated the role of genetic polymorphisms on response to combination therapy and the impact of them on hepatic immune responses against HCV infection. Outline of thesis work: 1. Develop an in-house method for genotyping IFNL3 polymorphisms based on polymerase chain reaction and restriction fragment length polymorphism analysis. 2. Analysis of the role of genetic polymorphisms in response to combination treatment of peg-IFN and RBV. 3. Analysis of hepatic immune responses in relation to IFNL polymorphisms in chronic hepatitis C virus infection. Materials and Methods I. Patients data One hundred and eight patients chronically infected with HCV genotype 1 were included in this study and enrolled in the Hospital Centre of Grenoble University from 2007 to 2012. All patients were anti-HCV antibody positive (ELISA 3, Ortho Diagnostic Systems, USA) and HCV-RNA positive in serum as measured by RT-qPCR (Amplicor HCV, Roche Diagnostic Systems). HCV genotype was determined by Inno-Lipa technology (Innogenetics, Belgium). Blood samples from patients were collected in heparinized vacutainer tubes as part of routine diagnostics for immunological and biochemical analysis and another part frozen until DNA extraction using for determining polymorphisms of several cytokine genes. Liver biopsy specimens obtained from

  polymorphism. Primers were designed from the sequence surrounding rs12979860 and rs8099917 (retrieved from NCBI database) and purchased (Eurogentec, Belgium) to be used in PCR: Reaction mixture contains in the final volume of 20 µl consisting of 12.5 µl of AmpliTaqGold Master Mix (Applied Biosystems), 1 µl of each primer and 3 µl of DNA template. All PCR reactions were performed on 2700 PCR machine (Applied BioSystems) with the thermal cycle consisted of initial denaturation step at 95 0 C for 5 min, followed by 35 cycles at 95 0 C for 30 s, 58 0 C for 30 s, and 72 0 C for 30 s, and final extension step at 72 0 C for 7 min.
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 31 Figure 3.1: Schematic representation of PCR-RFLP strategy for rs12979860
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 32 Figure 3. 2: A: PCR amplification (242 bp), lane NC: negative control;
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 3334 Figure 3.3: Schematic representation of PCR-RFLP strategy for rs8099917
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  Nevertheless, it remains to elucidate how host genetic polymorphism mechanisms influence on the clinical course and treatment outcome of HCV infection. More recently, a novel causal genetic variant (ss469415590 TT/ G), creating a frame shift in a yet unknown gene, named IFNL4 and located upstream of the IFNL3 gene, that is in strong linkage disequilibrium with rs12979860 has been identified as a strong predictor associated with impaired clearance of HCV infection[15]. Interestingly, this polymorphism seems to strongly predict clearance of HCV as compared with previously uncovered rs12979860 C/T in individuals of African ancestry. One interesting point, the SNP rs12979860 is located upstream of IFNL3 and more precisely within the intron 1 of IFNL4 gene. Thus, we will refer to these variants as polymorphisms of IFNL4 instead of IFNL3. Despite IFNL4 polymorphisms are associated with the treatment outcome of HCV, functional mechanisms explaining the influence of this polymorphism on antiviral immune response remains to be elucidated. Recently, IFNL4 polymorphisms have been shown

(

  Applied BioSystems) with the thermal cycle consisted of initial denaturation step at 95 0 C for 5 min, followed by 35 cycles at 95 0 C for 30 sec, 58 0 C for 30 sec, and 72 0 C for 30 sec, and final extension step at 72 0 C for 7 min. For RFLP analysis, we selected 2 enzymes BstUI and BrsDI (New England Biolabs, Hitchin, UK), which based on specific recognition of allele C and G on each SNP. Enzyme BstUI cuts allele C of the rs12979860 generating 3 fragments of 135, 82 and 25 bp, whereas the allele T yields 2 fragments of 160 and 82 bp. For the rs8099917, enzyme BsrDI only cuts of DNA containing the allele G generates 2 fragments of 186 and 123 bp for GG genotype, 3 fragments of 309, 192 and 117 bp for TG genotype and a unique fragment for TT genotype. Digested fragments were clearly distinguished on a 2% agarose gel electrophoresis after staining with Ethidium Bromide 10mg/ml and visualized under UV light and 10% of genotyped samples were compared with a commercial kit (LightMix® IL28B, TIBMOBIOL) and confirmed by direct DNA sequencing. For the ss469415590,

  analyses were done with STATA 11.0 and the allele frequencies were tested for the Hardy-Weinberg equilibrium using Chi-square test and haplotype structure analysis using Haploview 4.2 (Broad Institute, Cambridge, MA). Chi-square test used for categorical variables or Fisher's exact tests as appropriate and Student's T tests and Mann -Whitney U test for quantitative variables. Univariate and multivariate logistic regression analyses were performed to access predictive factors affecting SVR. The selection of final predictive model was determined by the Akaike information criterion (AIC) and analyzed its receiver operating characteristic (ROC) curve with values close to 1.0 indicating a high diagnostic accuracy. P values < 0.05 were considered as statistical significance.

  indicated a significant association between SVR rate and the genotype C/C of rs12979860 and TT/TT of ss469415590 (OR = 2.93, CI = 1.29 -6.66, p = 0.01 and OR = 3.02, CI = 1.31 -6.96, p = 0.01, respectively), whereas G allele of rs8099917 and to a lesser extend the severe fibrosis (F3-4) were associated with treatment failure (OR = 0.25, CI = 0.11 -0.57, p = 0.001; OR = 0.42, CI = 0.19 -0.93, p = 0.032, respectively).

  treatment outcome of chronic hepatitis C is influenced by several viral and host factors including HCV genotype, baseline viral load, age, gender, ethnicity, liver fibrosis and steatosis [5]. To date, several studies have investigated the role of genetic polymorphisms around IFNL3 gene and two SNPs that have been studied the most common during recent years are the rs12979860 C/T and rs8099917 T/G. Their relation to both spontaneous and treatment -induced clearance of HCV was demonstrated
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 1 Figure 1: Haplotype block structure of the interferon lambda gene region in the study
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 2 Figure 2: Evaluation of predictive factors affecting SVR by receiver operating curve and
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 12 Figure 1: (a) PCR amplification (242 bp), lane NC: negative control; (b) Recognition of

  rs1297860 and IFNL4 genotype with the host response has not yet been investigated ex vivo in HCV-infected patients. Here, we collected peripheral blood and fresh liver biopsies from HCV-infected patients and analyzed extemporaneously the function of immune cells involved in the antiviral response. We show that sustaining degranulation activity of IHI cells, detected by the CD107a marker is associated with genetic variation of IFNL4 and rs1297860. This may help to explain how upon bi-therapy treatment, patients with IFNL4 favorable TT/TT genotype and rs1297860 favorable CC genotype are more competent to eradicate HCV. Moreover, we have found the association between degranulation activity of IHI cells and serum ALT levels in HCV-infected patients contributing to the understanding of liver immune response during chronic HCV infection.METHODSPatientsEighty two patients were included in the study and divided into 2 groups according to the cause of chronic liver disease. Group 1, including 72 patients, had histologically proven untreated chronic hepatitis C (Department of Gastroenterology and Hepatology, Centre Hospitalo-Universitaire de Grenoble) and underwent liver biopsy as part of their diagnostic evaluation; Group 2, including 10 patients with histologically proven Non-Alcoholic-Steato-Hepatitis (NASH) and histologic Necrosis/Actitivity/Steatosis score 4 according to Kleiner classification 20 was considered as control group. We excluded patients with cirrhosis because effector cells and homing signals are substantially altered in fibrotic tissue21-24 . In group 1, all patients were anti-HCV antibody positive (ELISA 3, Ortho Diagnostic Systems, USA) and HCV-RNA positive in serum as measured by RT-qPCR (Amplicor HCV, Roche Diagnostic Systems). HCV genotype was determined by Inno-Lipa technology (Innogenetics). ALT serum activity was determined by automated sequential analyser and results were expressed as multiples of normal value25 . Patients were negative for HIV and HBV infection and their alcohol consumption was lower than 30g/day in male and 20g/day in women. No patients had biochemical markers of autoimmune hepatitis. The study protocol was conformed to the ethical guidelines of the 1975 Helsinki declaration. Patients were enrolled after giving their written informed consent.
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 1 Figure 1. Comparison of degranulation activity of immune cells in liver and blood.
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 2 Figure 2. Comparison of degranulation activity in IHI cells from HCV-infected patients
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 3 Figure 3. Correlation between serum ALT levels and degranulation activity of IHI cells.
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 4 Figure 4. Degranulation activity of IHI cells and response to anti-viral treatment. (A) Box

Figure 1 .

 1 Figure 1. Comparison of degranulation activity of immune cells in liver and blood. CD107a expression is significantly higher in intrahepatic T, NKT lymphocytes and NK cells compared to immune cells in PBL. Black bold lines indicate median. Abbreviations: NK, natural killer; NKT, natural killer T; PBL, peripheral blood leukocyte.

Figure 2 .

 2 Figure 2. Comparison of degranulation activity in IHI cells from HCV-infected patients according to IFNL4 polymorphism and from NASH individuals. CD107a expression of IHI cells was significantly higher in (A) patients with favorable IFNL4 TT/TT genotype compared to patients with unfavorable ΔG allele, and (B) in patients infected by HCV compared to those not infected (NASH). Abbreviations: HCV, hepatitis C virus; IHI, intrahepatic immune; NASH, nonalcoholic-steato-hepatitis.

Figure 3 .

 3 Figure 3. Correlation between serum ALT levels and degranulation activity of IHI cells. A, CD107a expression of intrahepatic T and NKT lymphocytes was significantly correlated with serum ALT levels in HCV-infected patients; and (B) in intrahepatic NKT lymphocytes in patients with favorable and unfavorable IFNL4 genotype. Abbreviations: HCV, hepatitis C virus; IHI, intrahepatic immune; NK, natural killer; NKT, natural killer T.

Figure 4 .

 4 Figure 4. Degranulation activity of IHI cells and response to antiviral treatment. A, Box plot showing that decline of viral load from day 0 to week 4 was higher in patients with favorable IFNL4 TT/TT genotype than in those with unfavorable genotypes. B, Box plots showing that in patients bearing IFNL4 TT/TT genotype the degranulation activity of T lymphocytes is higher than in patients with unfavorable genotype. Abbreviations: IHI, intrahepatic immune; NK, natural killer; NKT, natural killer T.

  Polymorphisms with the Severity of Chronic Hepatitis C Hepatitis C virus (HCV) is a viral pathogen that is very successful in establishing a chronic infection by evading the immune responses via sophisticated mechanisms. The majority of persons exposed to HCV will progress to chronic HCV infection with long term complications such as chronic hepatitis C, cirrhosis and liver cancer. The host genetic polymorphisms associated with both the outcome of HCV infection and response to treatment. Due to cytokines play important roles in regulating immune responses and clearance of HCV, thus most studies focused on polymorphisms in cytokine genes during HCV infection.

  study. This contributes to viral persistence and decrease liver injury. The correlation of degranulation activity of liver immune cells, IFNL4 and elevated ALT allows explaining significant control of local immune responses in pathogenesis of hepatitis C. The goal of treatment is to eradicate HCV from the body as measured by sustained virological response, defined by undetectable HCV-RNA level at 24 weeks in the serum after the end of therapy (European Association For The Study Of The Liver, 2013). Until recent years, treatment of chronic hepatitis C based on combination therapy of peg-IFN and Ribavirin only resulted in approximately 50% of achieving sustained virological response for 48 weeks in patients infected with HCV genotype 1. The treatment outcome of chronic hepatitis C is thought to influence by the viral and host factors. It has been reported that a number of pretreatment predictors of rs12979860 genotype is associated with on -treatment viral kinetics. Patients with the C/C genotype were strongly correlated with RVR and EVR in Caucasian patientswith HCV-1 and 4. However, for patients did not achieve RVR, the CC genotype of rs12979860 also strongly predicted SVR. In multivariate model, RVR was still the best predictor of achieving SVR rates independently of the IFNL3 genotypes.Although a great effort has been made to explain biological mechanisms of these polymorphisms affecting on HCV infection but it remains unclear. The effects of these variants on the expression of IFNL3 or ISGs remain controversial. Most recently, a causal variant, ss469415590 TT/ G was discovered by Prokunina et al(Prokunina-Olsson et al., 2013), which is in high with linkage disequilibrium with rs12979860. This variant introduces a frame-shift creating a novel gene IFNL4, encoding for IFN-4, another member of the type III IFN-family sharing a 40.8% amino sequence similarity with IFNL-3., The polymorphism was found to be more strongly associated with the outcome and early viral dynamics of PEG-IFN and RBV therapy than the major IFNL3 SNPs from early studies, especially in African populations. Strikingly, it predicts more strongly HCV clearance than the previously uncovered SNPs. In addition, it could provide comparable information in patients with European and Asia ancestry. In present study, we investigated three genetic polymorphisms in the interferon lambda genes in 108 naïve patients infected with HCV-1. The results confirm a strong correlation of these variants with treatment outcome of peg-IFN and RBV regimen. Specifically, Patients bearing favourable genotypes C/C of rs12979860 and TT/TT of ss469415590 were associated with SVR (66.7% versus 40.6%, p = 0.009 and 67.6% versus 40.8%, p = 0.008, sofosbuvir plus peg-IFN /RBV, response rates were 98% in patients with C/C

  IFNL4 polymorphisms influence on the control of local immune responses in the liver in chronic HCV infection to induce and ensure HCV clearance upon IFN /RBV treatment. iii. Rapid virological response is a predictive factor on treatment response in predicting a sustained virological response in HCV-1 infected patients treated by peg-IFN /RBV regimen. iv. Genotyping of IFNL4 (rs12979860 C/T and rs8099917 T/G) polymorphisms using PCR-RFLP should be used in conventionally clinical laboratory for monitoring of treatment response of hepatitis C. v. There is no association between polymorphisms of IL-17A (rs2275913 A/G) and IFN-(rs2430561 T/A) and response to combination therapy. vi. Polymrophism of IFN-(rs2430561 T/A) and the presence of steatosis are independent predictive factors affecting the severity of HCV genotype 1related liver disease.

L

  'infection par le virus de l'hépatite C est le problème majeur de santé publique qui affecte la mortalité et la morbidité dans le monde entier. L'évolution naturelle et la pathogenèse de l'hépatite C impliquent des processus d'interaction complexe entre l'hôte et le virus. Plusieurs facteurs de l'hôte incluant des polymorphismes génétiques et les réponses immunitaires influent sur l'infection et les réponses au traitement. Le traitement le plus courant actuellement consiste en une combinaison de peg-IFN et de Ribavirine (RBV) qui permet une guérison d'environ 50 % des patients infectés par le VHC de génotype 1. Aussi, il est important d'identifier en amont les facteurs pour prédire la réponse au traitement. L'objectif de la thèse est d'étudier l'influence de certains polymorphismes génétiques de l'hôte sur la réponse à la bithérapie et sur le statut immunitaire du foie dans l'infection chronique par le VHC. L'étude a porté sur les polymorphismes des gènes de l'interféron lambda 3 et 4 (IFNL : rs12979860 C/T, rs8099917 T/G , et ss469415590 TT/ G), l'interféron gamma (IFN-: rs2430561 T/A)), l'interleukine 10 (IL-10 : rs1800896 A/G), et l'interleukine 17 (IL-17 : rs2275913 A/G), conjointement à la réponse au traitement avec le peg-IFN et la RBV et aux réponses immunitaires du foie chez les patients. Dans un premier temps, nous avons établi une nouvelle méthode simple et fiable pour le typage de deux polymorphismes de l'IFNL3. Après une amplification par PCR, la présence d'un site de coupure par les enzymes de restriction BstUI et BrsDI permet le génotypage de deux variantes de IFNL3 (rs12979860 C/T et rs8099917 T/G, respectivement). Les résultats indiquent que cette méthode PCR-RFLP donne des résultats similaires à ceux des méthodes standard et présente un intérêt pour des analyses de routine en laboratoire clinique car elle est peu couteuse. Nous avons analysé l'association des polymorphismes avec la réponse à la thérapie de combinaison peg-IFN et RBV sur une cohorte de 108 patients infectés par le VHC de génotype 1 traités dont 50% ont eu une réponse virologique soutenue et 50% considérés comme en rechute. Nous avons ainsi démontré que le génotype de l'IFNL4 TT/TT de ss469415590 et une réponse virologique rapide sont des facteurs prédictifs indépendants pour atteindre un taux de réponse virologique soutenue (OR = 3,93, IC = 1,53 -10,08, p = 0,004 et OR = 6,74, IC = 1,33 -34,06, p = 0,021). D'autre part, une charge virale initiale haute est associée à l'échec au traitement (OR = 0,34, IC = 0,13 -0,87, p = 0,023). Ainsi, ces paramètres sont utiles pour la définition d'un traitement personnalisé. Pour expliquer l'influence de ces polymorphismes dans l'infection chronique par le VHC, nous avons étudié l'association des polymorphismes IFNL3 et 4 avec la réponse immunitaire du foie chez les patients atteints d'une infection chronique par le VHC. En utilisant l'expression de CD107a comme marqueur de l'activité sécrétoires des lymphocytes (molécules cytotoxiques ou cytokines), nous avons observé une activité de dégranulation des lymphocytes du foie plus importante les patients porteurs des génotypes de IFNL4 favorables en comparaison avec les patients porteurs de l'allèle défavorable. En utilisant des analyses de régression, les taux d'ALT sont en corrélation avec la fréquence des cellules NKT CD107a+ dans le foie. Enfin, chez les patients traités par le thérapie de peg-IFN et RBV, une forte activité de dégranulation est observée chez les patients avec les génotypes favorables IFNL3 et 4. Nous suggérons que les polymorphismes des gènes de l'interféron lambda sont associés à l'activité de la dégranulation des lymphocytes intra-hépatiques et contribuent à un mécanisme de clairance du VHC sous le bithérapie de peg-IFN et RBV. Nous avons également étudié l'impact de plusieurs polymorphismes génétiques sur la gravité de l'hépatite C chronique. Les résultats de l'étude montrent une association significative observée entre le polymorphisme de l'IFN-et la gravité de l'hépatite C chronique. En utilisant l'analyse de régression logistique, l'allèle T et la présence d'une stéatose sont des facteurs prédictifs indépendants de la sévérité de la maladie hépatique chronique associée au VHC. L'utilisation du génotypage de l'IFN-pourrait être utile dans la gestion de la prise en charge des patients. En conclusion, nous avons montré que les polymorphismes des gènes des IFNL3 et 4 et de l'IFN-de l'hôte jouent un rôle important dans l'efficacité du traitement et les réponses immunitaires hépatiques. Ces résultats aident à définir un traitement peg-IFN et RBV personnalisé pour le contrôle de l'infection chronique par le VHC, en particulier dans les régions aux ressources limitées où les nouveaux traitements ne sont pas accessibles.

  

  

  

Table 1 : The primer sequences and probes are used for PCR and realtime-PCR III. Immune cell function analysis 3.1. Peripheral blood mononuclear cells (PBMC) isolation.

 1 . Briefly, PCR reaction mixture in a 20 µL total volume contains 12.5 µl of AmpliTaqGold Master Mix (Applied Biosystems); 1 µl of each primer and 3 µl of genomic DNA and run on 2700 PCR machine (Applied BioSystems) according to following thermal cycle consisted of initial denaturation step at 95 0 C for 5 min, followed by 35 cycles at 95 0 C for 30 s, 58 0 C for 30 s, and 72 0 C for 30 s, and final extension step at 72 0 C for 7 min Digestion reaction was performed in a total volume of 50 µl containing 1 µl of enzyme XmnI (New England Biolabs, Hitchin, UK), 5 µl of Buffer, 34 µl of sterile water and 10 µl PCR products. IL-17 genotypes was distinguished on a 2% agarose gel electrophoresis after staining with Ethidium Bromide 10mg/ml and visualized under UV light.

A simple and reliable method for genotyping of the IFNL3 polymorphisms in patients infected with chronic hepatitis C virus

  Mann -Whitney U test for quantitative variables. Univariate and multivariate logistic regression analyses were performed to assess the influence of polymorphisms on the outcome of treatment and values of p < 0.05 were considered statistically significant.

	Chapter 3: Results
	3.1. In this study, we have established a simple and reliable method based on polymerase
	chain reaction and restriction fragment length polymorphism analysis for genotyping of
	All patients were treated by a combination regimen of peg-IFN 2a and Ribavirin 1000-the IFNL3 polymorphisms in patients infected with chronic hepatitis C virus. All 108
	1200mg/d according to the weight for 48 weeks. Viral kinetics was determined patient specimens are genotyped by our method have demonstrated results in
	significant concordance with those by LightMix® Kit IL28B (TIB MOLBIOL, Berlin,
	Germany) and direct DNA sequencing.
	Statistical analysis was done with STATA 11.0 and SPSS 13.0 software. The allele
	frequencies were tested for the Hardy-Weinberg equilibrium using Chi-square test and
	haplotype structure analysis using Haploview 4.2 (Broad Institute, Cambridge, MA). The
	clinical characteristics and laboratory parameters were compared using Chi-square test

according to current guideline of the EASL. Rapid virological response (RVR): HCV RNA negative at week 4 of therapy, maintained up to end of treatment measured by a sensitive assay (lower limit of detection 50 IU/ml). Early virological response (EVR):

HCV RNA is detectable at week 4 but undetectable at week 12, maintained up to end of treatment. Sustained virological response (SVR) is defined as serum undetectable HCV RNA level (<50 IU/ml), 24 weeks after the end of therapy. Non response (NR): HCV-RNA level is less than 2 log10IU/ml decrease from baseline at 12 weeks of therapy.

HCV RNA Quantification was quantified on day 0, weeks 4, 12, 24 at the end of therapy and 6 months after cessation of treatment using Cobas AmpliPrep/Cobas TaqMan HCV Test (Roche Diagnostics, Branchburg, NJ).

V. Statistical analyses.

for categorical variables or Fisher's exact tests as appropriate and Student's T tests and

Table 3 .

 3 1: Results of in-house method and LightMix® Kit for rs12979860 C/T

	PCR-RFLP	CC	LightMix® Kit TT	CT	Total
	CC	39	0	1	40
	CT	0	17	0	17
	TT	0	0	51	51
		39	17	52	108
	Weighted Kappa=0. 97. Strength of agreement is very good.

Distribution of allele and genotype frequencies among studied subjects

Of 108 genotyped cases, overall genotype frequency of the rs12979860 was C/C in 39 (36.1%), C/T in 52 (48.1%) and T/T in 17 (15.8%), whereas the rs8099917 was T/T in 65 (60.2%), T/G in

35 (32.4%) 

and G/G only in 8 (7.4%) patients. The genotype distributions were in Hardy-Weinberg equilibrium in each studied group. Haplotype block structure analysis indicated that these two SNPs were in strong linkage disequilibrium (D' = 0.91, LOD = 12.02 and r-squared = 0.334). These results were consistent with previously reported studies of Europe ancestry.

Table and Figure Legends:Table 1 :

 and1 

	Clinical characteristics		
	Characteristics	SVR (n, %)	Treatment failure (n, %)	P value
		n=54	n=54	
	Gender			0.697 (3)
	Male	24 (44.4%)	22 (40.7%)	
	Female	30 (55.6%)	32 (59.3%)	
	Age	49.3 (43.7 -58.7)	53.3 (47.3 -61.4)	0.135 (2)
	Baseline viral load (logUI/ml)	5.88 ± 0.71	6.10 ± 0.60	0.081 (1)
	Baseline viral load (IU/ml)			0.017 (3)
	< 600000	27 (50.0%)	14 (25.9%)	
	> 600000	27 (50.0%)	40 (74.1%)	
	HCV Subtype			0.682 (3)
	1a	18 (33.3%)	17 (31.5%)	
	1b	24 (44.4%)	28 (51.9%)	
	Unclassified	12 (22.2%)	9 (16.6%)	
	BMI	24.7 (22.3 -26.7)	24.5 (21.9 -26.4)	0.898

Table 2 : Allele and genotype frequencies of IFN lambda gene polymorphisms
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	Polymorphisms		Genotype (n, %)		Allele (%)
	rs12979860	C/C	C/T	T/T	C	T
		39 (36.1%)	51 (47.2%) 18 (16.7%)	59.7	40.3
	ss469415590	TT/TT	TT/ G	G/ G	TT	G
		37 (34.2%)	53 (49.1%) 18 (16.7%)	58.8	41.2
	rs8099917	T/T	T/G	G/G	T	G
		65 (60.2%)	35 (32.4%)	8 (7.4%)	76.4	23.6

Table 3 : Distribution and impact of IFNL4 polymorphisms with the treatment outcome

 3 

	IFNL4 Polymorphisms	Total	SVR	Treatment failure	P value
		n=108 (%)	n=54 (%)	n=54 (%)	
	C/C	39 (36.1%) 26 (66.7%)	13 (33.3%)	
	rs12979860				0.009 (3)
	T/T+C/T	69 (63.9%) 28 (40.6%)	41 (59.4%)	
	TT/TT	37 (34.3%) 25 (67.6%)	12 (32.4%)	
	ss469415590				0.008 (3)
	G/ G+ G/TT 71 (65.7%) 29 (40.8%)	42 (59.2%)	
	T/T	65 (60.2%) 41 (63.1%)	24 (36.9%)	
	rs8099917				
	T/G+G/G	43 (39.8%) 13 (30.2%)	30 (69.8%)	

Table 4 : Univariate and multivariate regression analyses for predictors of SVR

 4 

		Univariate Analysis		Multivariate Analysis	
	Factors	Odds Ratio (95% CI)	P value	Odds Ratio (95% CI)	P value
	rs12979860 C/C	2.93 (1.29 ; 6.66)	0.01		
	ss469415590 TT/TT	3.02 (1.31 ; 6.96)	0.01	3.93 (1.53;10.08)	0.004
	rs8099917 G Allele	0.25 (0.11 ; 0.58)	0.001		
	Severe Fibrosis (F3-F4)	0.47 (0.2 ; 1.15)	0.101		
	Baseline viral load a	0.35 (0.16 ; 0.79)	0.011	0.34 (0.13; 0.87)	0.023
	RVR	9.10 (1.16 ; 42.36)	0.005	6.74 (1.33 ; 34.06)	0.021
	Age per unit	0.98 (0.94 ; 1.01)	0.149		
	Gender Female	0.86 (0.40 ; 1.84)	0.697		

a Baseline viral load > 600.000 IU/ml RVR: Rapid virological response

Article 2 Lymphocytes Degranulation in Liver in Hepatitis C Virus Carriers is Associated with IFNL4 Polymorphisms and ALT Levels
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Table 1

 1 

, 19 patients (26%) were homozygous for the favorable IFNL4 (TT) haplotype and 53 patients (74%) were bearing unfavorable G allele. Similar distribution was detected for rs1297860, where unfavorable T allele frequency was 73.0 %. Only one out of 72 HCV-samples was discordant as regards IFNL4 versus rs1297860 genotyping. The distribution of the unfavorable alleles is close to previous reports for European individuals 10 (supplementary Table

Table 2

 2 

	Univariate analysis

). Taken together multivariate analysis revealed that (i) the frequency of CD107a positive NKT lymphocytes and serum ALT levels were linked, (ii) as expected, in our cohort of patients, serum ALT levels were associated with Metavir Activity score and (iii) importantly, variations in serum ALT levels cannot be explained only by Metavir Activity score but depend also on the frequency of CD107a positive NKT lymphocytes. In addition, when multivariate analysis including IFNL4 polymorphism was conducted, regression model indicated that when the CD107a positive NKT lymphocytes increased by 1U, ALT increased by 0.157 IU/L (P=.032) in patients with genotypes 2-6 and by 0.124 (P=.001) in patients with genotype 1 (Figure

  ensure HCV clearance upon IFN-/ribavirin treatment. Our data highlight new link between degranulation activity of IHI cells IFNL4 polymorphisms and ALT levels. These findings further clarify the different behaviors and responses to treatment observed in patients accordingly to their IFNL4 genotypes helping to better guide future strategies for clinical management of HCV-infected patients.

	35.	Marabita F, Aghemo A, De Nicola S, et al. Genetic variation in the interleukin-
		28B gene is not associated with fibrosis progression in patients with chronic
		hepatitis C and known date of infection. Hepatology 2011;54:1127-34.
	36.	Thompson AJ, Muir AJ, Sulkowski MS, et al. Interleukin-28B polymorphism
		improves viral kinetics and is the strongest pretreatment predictor of sustained
		virologic response in genotype 1 hepatitis C virus. Gastroenterology
	Footnote 2010;139:120-9 e18.
	37.	Langhans B, Nischalke HD, Arndt S, et al. Ribavirin exerts differential effects on
		functions of Cd4+ Th1, Th2, and regulatory T cell clones in hepatitis C. PLoS
		One 2012;7:e42094.
	38.	

Deleersnyder V, Pillez A, Wychowski C, et al. Formation of native hepatitis C virus glycoprotein complexes. J Virol 1997;71:697-704.

Table and Figure Legends:Table 1 .

 and1 Baseline characteristics and genotyping analyses of IFNL4 and rs12979860

Table 1 .

 1 Baseline Characteristics and Genotyping Analyses of IFNL4 and rs12979860

		HCV All Viral	HCV-1 Viral	
		Genotypes	Genotype	NASH a
		(n = 72)	(n = 56)	(n = 10)
	Male, n (%)	41; 57%	32; 57%	6; 60%
	Age , (y) b	52.5 ± 10.6	53.0 ± 11.0	59.3 ± 11.7
	Viral load (log UI/mL) b	5.8 ± 0.8	5.9 ± 0.8	. . .
	ALT c	1.6 ± 1.7	1.5 ± 1.3	2.2 ± 2.0
	Histology	Metavir activity, n (%)	
	1	37; 51%	30; 54%	. . .
	2	25; 35%	21; 36%	. . .
	3	9; 13%	5; 9%	. . .
		Metavir fibrosis, n (%)	
	0	0; . . .	0; . . .	3; 30%
	1	38; 53%	30; 53%	2; 20%
	2	24; 33%	19; 34%	1; 10%
	3	10; 14%	7; 13%	0; . . .
	HCV	Viral Genotype, n (%)	
	1	10. 14%	10; 18%	
	1a	16; 22%	16; 29%	
	1b	30; 42%	30; 54%	
	Others	16; . . .	. . .	
		IFNL4 Polymorphism, n (%)
	TT/TT	19; 26%	15; 27%	7; 70%
	ΔG/TT	42; 58%	34; 61%	2; 20%
	ΔG/▵G	11; 15%	7; 13%	1; 10%
	With 1 ΔG allele	53; 74%	41; 73%	3; 30%
		rs12979860 Polymorphism, n (%)
	CC	20; 28%	16; 29%	7; 70%
	CT	41; 57%	33; 59%	2; 20%
	TT	11; 15%	7; 13%	1; 10%
	With 1T allele	52; 72%	40; 71%	3; 30%

Table 2 .

 2 Regression Analyses of Serum ALT Levels, Degranulation Activity in the Liver of CD107a Positive NKT Lymphocytes and Metavir Activity Grades in HCV-Infected Patients

	ALT	Coef β	P > [t]
	CD107a + NKT lymphocytes	0.182	1 e-4
	Metavir activity score		
	2	0.441	4.2 e-2
	3	0.715	3.4 e-2
	Cons	0.509	1.4 e-2

10, IL-17 allele and genotype frequencies

  

	(36.1%), AG: 49 (45.4%), and GG: 20 (18.5%). IL-17 genotype frequencies in our study
	were AA: 60 (55.6%), AG: 25 (23.1%), and GG: 23 (21.3%).
	Genotype and allele frequencies of IFN -	(+874T/A, rs2430561), IL10 (-1082G/A,
	rs1800896) and IL-17 (rs2275913 A/G) were presented in table 3.
	The overall genotype frequency of IFN -polymorphism at +874 was AA: 33 (30.6%),
	AT: 45 (47.2%), and TT: 30 (41.7%); for IL10 genotypes, the distribution was AA: 39

Table 1 : Patients features

 1 

	Characteristics	
	Age	52.56 ±9.62
	Gender (Male/Female)	32/39
	BMI	24.37±3.00
	ALT (IU/L ) pretreatment	73.83±52.67
	AST (IU/L) pretreatment	103.65±77.92
	GGT (IU/L) pretreatment	79.37±93.53
	Total Bilirubin (µg/ml)	25.32±23.55
	HCV-1 Subtype (1a/1b/uncalsified)	22/37/12
	Baseline HCV-RNA (>600.000/<600.000	
	IU/mL)	48/23
	Meta-F (F1-2/F3-4)	48/23
	RVR (Yes/No)	13/58
	SVR/NR	37/34

HCV : Hepatitis C Virus ; SVR : sustained virological response ; NR: non -response; RVR: Rapid virological response ; BMI : Body Mass Index, ALT : alanine aminotransferase, AST : Aspartat aminotransferase ; GGT : gamma glutamyle transferase;

Results were presented as Mean and range of parameters

Table 2 : Distribution of IFN , IL10 and IL17 allele and genotype frequencies
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	Polymorphisms		Genotype (n, %)	
	IFN +874T/A-rs2430561	A/A	A/T	T/T
		33 (30.6%)	45 (47.2%)	30 (41.7%)
	IL-10-1082 G/A-rs1800896	A/A	A/G	G/G
		39 (36.1%)	49 (45.4%)	20 (18.5%)
	IL-17 -152 A/G-rs2275913	A/A	A/G	G/G
		60 (55.6%)	25 (23.1%)	23 (21.3%)

Table 3 : Association of cytokines genes polymorphisms with treatment outcome
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	Polymorphisms	SVR (n=37)	NR (n=34)	p
	IFN +874T/A-rs2430561			
	T/T	11 (29.8%)	12 (35.3%)	
	T/A	17 (45.9%)	10 (29.4%)	0.33
	A/A	9 (24.3%)	12 (35.3%)	
	IL10-1082 G/A-rs1800896			
	G/G	4 (10.8%)	8 (23.5%)	
	G/A	23 (62.2%)	11 (32.4%)	0.03
	A/A	10 (27.0%)	15 (44.1%)	
	IL-17 rs2275913 A/G			
	G/G	6 (16.2%)	8 (23.5%)	
	G/A	8 (21.6%)	9 (26.5%)	0.57
	A/A	23 (62.2%)	17 (50.0%)	

SVR : sustained virological response ; NR: non-response

Values were expressed as frequency (%)

Table 4 : Association of cytokines genes polymorphisms with the severity of chronic hepatitis C
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	Polymorphisms			p
		F1-2 (n=48)	F3-4 (n=23)	
	IFN +874T/A-rs2430561			
	T/T	10 (20.8%)	11 (47.8%)	
	T/A	17 (35.4%)	10 (43.5%)	0.007
	A/A	21 (43.8%)	2 (35.3%)	
	IL10-1082 G/A-rs1800896			
	G/G	6 (12.5%)	6 (26.1%)	
	G/A	23 (47.9%)	11 (47.8%)	0.28
	A/A	19 (39.6%)	6 (26.1%)	
	IL-17 -152 A/G-rs2275913			
	G/G	11 (22.9%)	3 (13.0%)	
	G/A	8 (16.7%)	9 (39.1%)	0.28
	A/A	28 (60.4%)	12 (58.9%)	
	Values were expressed as frequency (%)		

Table 5 : Clinical features associated with treatment outcome.
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	Characteristics	SVR	Failure treatment	p
		(n=37)	(n=34)	
	Age	52.43 (39.44 -76.4)	52.71 (34.34 -	0.87
			75.23)	
	Gender (Male/Female)	18/14	19/20	0.52
	BMI	24.74 (18.37 -30.06)	24.67 (19.61 -	0.5
			34.13)	
	ALT (IU/l)	100.23 (18-300)	107.28 (36 -398)	0.84
	AST (IU/L)	65.39 (27 -181)	82.53 (22 -287)	0.6
	GGT (IU/L)	35.33 (9 -101)	136 (28 -377)	0.017
	Total Bilirubin (µg/ml)	9.23 (4 -30)	12.53 (4 -28)	0.003
	Baseline viral load (<600.000	19/18	25/9	0.032
	IU/mL/ > 600.000 IU/mL)			
	HCV subtype	11/17/9	11/20/3	0.21
	(1a/1b/ unclassified)			
	Steatosis	15 (40.5%)	26 (76.5%)	0.016
	Meta-F3-4)	9 (24.3%)	14 (41.2%)	0.14
	RVR	12 (32.4%)	1 (3.0%)	0.001
	HCV : Hepatitis C Virus ; SVR : sustained virological response ; NR: non -response;
	RVR: Rapid virological response ; BMI : Body Mass Index, ALT : alanine
	aminotransferase, AST : Aspartat aminotransferase ; GGT : gamma glutamyle
	transferase;			

Table 6 : Logistic regression analyses of T allele and steatosis affecting on the severity of chronic hepatitis C
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	Factors	Univariate Analysis	P	Multivariate Analysis	P
			value		value
		Odds Ratio		Odds Ratio	
		(95% CI)		(95% CI)	
	T Allele	8.1 (1.7-38.8)	0.008	8.2 (1.6-42.4)	0.011
	Steatosis	6.0 (1.5-23.4)	0.009	6.8 (1.6-26.3)	0.008

Chapter 4: Discussions and Perspectives 4.1. The role of hepatic immune responses in chronic HCV infection

  

	HCV infection is one of the most common infectious diseases among blood borne
	diseases with an estimate of 170 million people chronically infected with HCV on the
	world (~ 3% of world's population)

  The liver is a vital organ that fulfils diverse but closely connected functions in the metabolism of carbohydrates, proteins and lipids, the clearance of toxins and pathogens, and the regulation of immune responses. It is an important and critical defence line of immune system against pathogens entering through the liver. The liver receives blood supply from both hepatic artery and portal vein. Blood from the gut via portal vein is main source of blood flowing through the liver carrying the products of digestion, intestinal pathogens, whereas, approximately 20% of the blood is arterial, delivered via the hepatic artery which branches off from the celiac

	(Dustin and Rice, 2007). Until recently, enormous studies have been investigated
	about immune responses in HCV infection particular in liver immune responses
	against HCV have received much interest because the liver is considered as an
	immunological organ with a unique immunological tolerance capacity (Knolle and
	Thimme, 2014).
	. Although with a
	great progress in the development of antiviral therapies of hepatitis C, but an
	effective preventive or therapeutic vaccine for HCV is not yet available so far. During
	HCV infection, acute infection is usually asymptomatic or mild symptoms and rarely
	diagnosed. In patients with acute hepatitis, only about 25% of patients could clear
	spontaneously the virus and majority of infected individuals progress to persistent
	infection. It is believed that the host immune responses play critical roles not only in
	HCV clearance, but also in liver injury, clinical manifestations and disease progress

axis. These two blood supplies mix in the hepatic sinusoid, where contain a diversity of immunological active cells such as resident Kupffer cells (KCs), Dendritic cells and hepatic lymphocytes including T cells, NKT and NK cells. In addition, hepatic sinusoids have distinctive structure formed by liver sinusoid endothelial cells (LSEC)
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ABSTRACT

Background. The host genetic polymorphisms around the interferon lambda genes are strongly associated with both spontaneous hepatitis C virus (HCV) clearance and response to peg-IFN /Ribavirin treatment. Aims: The goal of this study was to investigate the role of different polymorphisms in the interferon lambda genes in response to combination therapy in patients with chronic hepatitis C. Methods: 108 naïve patients infected with HCV-1 treated with combination therapy were enrolled.

Polymorphisms in the interferon lambda genes were genotyped by an in-house PCR-RFLP and previously described methods. Results: Among 108 treated patients, 54 patients (50%) achieved an SVR. Patients bearing favourable CC genotype of rs12979860 and TT/TT genotype of ss469415590 were associated with SVR (66.7% versus 40.6%, p = 0.009 and 67.6% versus 40.8%, p = 0.008, respectively), whereas patients carrying G allele of rs8099917 were associated with failure to treatment (relapse or non-response). Multivariate regression analysis showed that TT/TT genotype of ss469415590 and RVR were still independent predictive factors of SVR rate (OR = 3.93,p = 0.004 and OR = 6.74,p= 0.021,respectively), whereas high baseline viral load level was associated with failure to treatment (OR = 0.34, CI = 0.13 -0.87, p = 0.023). Conclusions: This study confirms that favourable IFNL4 polymorphisms are predictors affecting SVR in patients with chronic hepatitis C genotype 1. The high serum baseline viral load level is unfavourable factor for response to combination treatment. Supplementary Figure 1 123

Lymphocytes Degranulation in Liver in Hepatitis C Virus Carriers Is Associated With IFNL4 Polymorphisms and ALT Levels

Evelyne Jouvin-Marche, 1,2 Zuzana Macek Jílková, 1,2,a Marie-Ange Thelu, 1,2,3,a Helene Marche, 1,2 Emilie Fugier, 1,2 Nicolas Van Campenhout, 1,2 Xuan Su Hoang, 1,2 Alice Marlu, Nathalie Sturm, 3,1,2,3 Mary Callanan, 1,2 Vincent Leroy, 1,2,3 Jean-Pierre Zarski, 1,2,3 and Patrice N. Marche Background. The polymorphisms of IFNL4 are strongly associated with both spontaneous hepatitis C virus (HCV) clearance and response to peg-IFN-α/ribavirin treatment. To further establish the biological effects of the IFNL4 and rs1297860 variations, we studied the activity of liver immune cells.

Methods. Fresh liver samples were collected from HCV-infected patients before any treatment and from NASH patients as controls. Degranulation activity of each lymphocyte type was assessed by the surface expression of CD107a. IFNL4 polymorphisms and HCV genotypes were determined.

Results. In the liver, frequency of CD107a + immune cells was significantly higher in HCV patients compared to NASH patients. Higher degranulation activity was observed in lymphocytes of HCV patients with favorable IFNL4 genotypes compared to patients with unfavorable genotypes. Multivariate regression analyses indicated that serum ALT levels were dependent on both Metavir activity score and frequency of CD107a positive NKT cells. The high level of degranulation activity observed before treatment was associated with a high HCV RNA decline at the early stage of peg-IFN-α/ribavirin treatment in patients with favorable genotypes.

Conclusions. These data underline that intrahepatic lymphocyte degranulation activity in HCV-infected patients is associated with IFNL4 polymorphisms and contributes to the clearance of HCV in patients with favorable genotypes under antiviral therapy.

Keywords. interferon lambda; natural killer cells. T lymphocytes; ISG.

Chronic infection by hepatitis C virus (HCV) is a health problem with a worldwide prevalence estimated at 3%. Although some infected individuals spontaneously clear HCV, 70%-80% develops chronic infection with a potential risk of liver failure or cirrhosis and hepatocellular carcinoma [1][2][3]. Intrahepatic immune (IHI) cell degranulation activity, that is, release of lytic granules toward the target cells, is strongly influenced by liver microenvironment and is therefore modified depending on liver disease pathogenesis. Even though it is still not clear how IHI cells are regulated and triggered in HCV-infected patients, recent studies have suggested that IHI cell degranulation not only plays an important role in HCV clearance but may also contribute to hepatocellular damage (see reviews [4][5][6]). Until recently, the treatment of chronic hepatitis C was based on the combination of pegylated interferon α ( pegIFN-α)/ribavirin. Response to treatment has been shown to partly depend on patient genetic determinants, specifically single nucleotide polymorphism (SNP) at rs12979860 in the upstream region of the interleukin-28B (IL28B) gene that is strongly associated with sustained virological response [7][8][9][10]. However, it has always been difficult to explain conceptually why SNP in noncoding regions near the IL28B gene should be associated with HCV clearance. Therefore, in recent years, scientists

Association of Cytokines Genes Polymorphisms with the Severity of Chronic

Hepatitis C

XUAN SU HOANG 1,2 *, JEAN-PIERRE ZARSKI 1,2,3 *, JEAN LOUIS QUESADA 4 , MARIE-ANGE THELU 1,2,3 , HELENE MARCHE 1,2 , ALICE MARLU 3 , NATHALIE STURM 1,2,3 , VINCENT LEROY 1,2,3 , EVELYNE JOUVIN-MARCHE 1,2 , and PATRICE N. (Rasouli et al., 2013), (Li et al., 2012). However, the role of polymorphisms of IL-17 gene in HCV infection has not yet been investigated.

Therefore, in this study, we aim to investigate the impact of several polymorphisms in the host immune response genes in relation to the severity of chronic C hepatitis including polymorphisms in genes, which their roles have been described in immune and inflammatory responses: Th1 response, IFN -(+874T/A, rs2430561), Th2

response, IL-10 (1082A/G, rs1800896) and Th17 response, IL-17A (rs2275913 A/G). Blood samples from patients were collected in heparinized vacutainer tubes as part of routine diagnostics for immunological and biochemical analysis and another part frozen until DNA extraction using for determining polymorphisms of several cytokine genes.

Materials and methods

Patients

Liver biopsy specimens obtained from patients were examined by the same liver pathologist. The grade of liver disease and fibrosis stage were scored using the METAVIR system.

Supplementary data

replication is noncytopathological, and early innate immune responses contributes to the control of viremia, whereas, hepatocellular damage and disease progression are interaction between HCV and host immune responses. Over the past years, the role of intrahepatic immune responses is more interest topic to get better understanding about immunopathogenesis of HCV infection [START_REF] Knolle | Hepatic Immune Regulation and its Involvement in Viral Hepatitis Infection[END_REF].

Association of IFNL4 polymorphisms with functional activity of intrahepatic NK, NKT and T cells in HCV infection.

The liver is considered as a lymphoid organ, it contains up to 10 10 lymphocytes.

About 30% of the total blood passes through the liver every minute, carrying about 10 8 peripheral blood lymphocytes in 24 hours. Among hepatic resident lymphocytes, NK cells are approximately 20 -30%, which account a large population of innate immune cells. Their frequency is even higher in the liver and lower in the peripheral blood in HCV infection. The liver also contains a large of T lymphocyte populations including both conventional T lymphocytes and unconventional, alternative T cells.

The conventional T cells in the liver comprise CD8+ and CD4+ T cells. They recognize epitopes presented on association with MHC class I (CD8+ cytotoxic T cells) or class II molecules (CD4+ helper T cells). An unconventional T cell population is also abundant in the liver, which express both NK (CD56+) and T (CD3+) cell marker. They account for up to 30% of the total number of T cells in the liver compared with less than 1 % of peripheral blood lymphocytes. All these intrahepatic lymphocytes constitute cytotoxic cells that are necessary for defence against virus-infected or transformed cells. Cytotoxic cells induce target-cell death via two major pathways, a granule-dependent (perforin/granzyme) and independent SVR such as HCV genotype, baseline viral load, liver fibrosis, age, sex, obesity, older female patients, insulin resistance, low-density lipoprotein cholesterol levels, and -glutamyl transpeptidase levels were associated with the treatment outcome of peg-IFN plus RBV (Kau et al., 2008) C/T located on the long arm of chromosome 19, upstream of IFNL3 within the interferon lambda gene cluster was the strongest association with treatment outcome of peg-IFN and RBV in patients infected with HCV-1 (Ge et al., 2009).

Other three groups have identified another variant, rs8099917 T/G, which is located 8kb upstream of IFNL3 as the variant strongly associated with both SVR and spontaneously HCV clearance as well (Tanaka et al., 2009), (Suppiah et al., 2009), (Rauch et al., 2010). Both two variants are in strong linkage disequibrium in Asia and European populations but not in those of African origin. Over the past years, a series of research have been repeated on different study cohorts for these two polymorphisms and confirmed that a strong evidence of linkage between polymorphisms near the interferon lambda genes and the resolution of HCV.

Patients with favourable response IFNL3 genotypes (C/C for rs12979860 and T/T for rs8099917) are associated with more than two-fold increase in SVR rates compared with those carrying the minor T allele. It has also been demonstrated that the respectively), whereas patients carrying G allele of rs8099917 were associated with failure to treatment as compared with T/T homozygote carriers (69.8% versus 36.9%, p = 0.001). approved by FDA for the treatment of hepatitis C genotype 1. A new standard of care for patients infected with HCV-1 now is triple therapy when these DAAs are added in peg-IFN and RBV [START_REF] Ghany | An update on treatment of genotype 1 chronic hepatitis C virus infection: 2011 practice guideline by the American Association for the Study of Liver Diseases[END_REF]. These regimens resulted in significant improvement of SVR up to 75%. The addition of Boceprevir or Telaprevir with peg-IFN /RBV in treatment naïve populations, patients carrying CC genotype of rs12979860 had higher SVR than those treated by peg-IFN /RBV. Most recently, a second generation protease inhibitor, semiprevir and a nucleoside NS5B polymerase inhibitor has been approved for use in combination with peg-IFN /RBV [START_REF] Chao | Update on Recently Approved Treatments for Hepatitis C[END_REF]. When stratified for IFNL3 genotypes, patients treated with performance and it becomes commercially available. However, these methods require substantial instruments, high-costs, and technical expertise. Another common method also used in several studies based on allele specific primer-PCR (ASP-PCR) technique [START_REF] Galmozzi | A tetra-primer amplification refractory mutation system polymerase chain reaction for the evaluation of rs12979860 IL28B genotype[END_REF]. This method involves two separate PCR reactions and amplifying two different alleles of an SNP, respectively, which reach to significant time-consuming for result analysis. A difficult point of this method in relating to design allele specific -primers that can distinguishes different alleles. 

Perspectives