[bookmark: _Toc371492087]Introduction
I
nfection with hepatitis C virus (HCV) results in viral persistence in about 70-80% of cases and is associated with chronic liver inflammation and an increased risk for cirrhosis and hepatocellular carcinoma. Liver injury and disease progression are thought to be driven by host immune responses (Rehermann and Nascimbeni, 2005).
Natural killer (NK) cells are innate immune cells best known for their immediate effect or functions against virus-infected cells and tumor cells. These effector functions include the destruction of target cells via perforin / granzyme-mediated lysis or tumor necrosis factor–related apoptosis-inducing ligand (TRAIL)-mediated apoptosis and the production of cytokines, such as tumor necrosis factor alpha (TNF-a), macrophage-inflammatory protein 1 beta (MIP-1B) and interferon gamma (IFN-γ) (Vivier et al., 2011). NK cells do not require antigen-specific priming to recognize virus infected cells. Once activated, NK cells exert cytotoxicity and produce antiviral cytokines. Thus, NK cells are not only in the right location but also able to mount immediate effector responses to hepatotropic viruses (Dunn et al., 2007).
Inhibitory receptors, including Killer cell Immunoglobulin-like receptors (KIRs) and CD94/NKG2A, gauge expression of MHC class I molecules which can be compromised by viral immune subversion. Activating receptors, including the natural cytotoxicity receptors (NCRs) and NKG2D usually detect the presence of infectious non-self and/or stress induced self-ligands at the surface of infected cells. The NKG2D activating receptor is constitutively expressed on human NK and CD8 T cells.
The importance of the NKG2D defense system is highlighted by the observation that tumors and viruses have developed several mechanisms for evading NKG2D-mediated recognition. However, the overall contribution of NKG2D pathway in the control of HCV infection is unclear. Understanding how hepatitis C virus (HCV) induces and circumvents the host’s natural killer (NK) cell-mediated immunity is of critical importance in efforts to design effective therapeutics (Sène et al., 2010).
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[bookmark: _Toc371492088]Aim of the Work
T
he aim of this work is to evaluate NKG2D expression on peripheral blood natural killer cells (NK) in chronic hepatitis C patients in comparison to healthy controls. 
 Aim of the Work

[bookmark: _Toc371492089]Hepatitis C Virus
H
epatitis C virus (HCV) is a major health problem worldwide, infecting an estimated 170 million people. The high genetic variability of HCV contributes to the chronicity of hepatitis C (Torres-Puente et al., 2008).
HCV was first described in 1989 as the putative viral agent of non-A non-B hepatitis. It is has been recognized as the major causative agent of chronic liver disease, including chronic active hepatitis, cirrhosis and hepatocellular carcinoma (Lyra et al., 2004).
[bookmark: _Toc371492090]Structure of Hepatitis C Virus:
HCV is a small (50nm in size), enveloped, positive sense single strand ribonucleic acid (RNA) virus of the family Flaviviridae (Beeck and Dubuisson, 2003). 
HCV consists of a core of genetic material “RNA”, surrounded by a protective shell of protein, and further encased in a lipid envelope of cellular origin. Two viral envelope glycoproteins, E1 and E2, are embedded in the lipid envelope (Beeck and Dubuisson, 2003).
HCV RNA genome consists of a single open reading frame of 9600 nucleotide bases that encodes a large polyprotein of about 3000 amino acids and it is characterized by extensive genetic diversity (Kato, 2000). HCV has been classified into at least 6 major genotypes with many subtypes and circulates within an infected individual as a number of closely related but distinct variants known as quasispecies (Lyra et al., 2004).
At the 5’ and 3’ ends of the RNA there are untranslated regions (UTR) that are not translated into proteins but are important for translation and replication of the viral RNA. The 5’ UTR has a ribosome binding site (Jubin, 2003) that starts the translation of a 3011 amino acid containing protein that is later cut by cellular and viral proteases into 10 active structural (virion-associated) and non-structural (NS) smaller proteins (Dubuisson, 2007).
The 3’UTR is composed of a non-conserved variable region, a poly-U element and a conserved 98-nucleotide sequence, termed the 3´-X region, which is believed to be essential for replication (Song et al., 2006). 
Most HCV proteins have a clearly defined role in the viral replication cycle and may also facilitate immune evasion by altering cell signaling pathways involved in host defense (Lai, 2000).
The NS2 peptide is a metalloprotease essential for the cleavage of the viral NS2/NS3 junction. The amino-terminus region of NS3 encodes a viral serine protease that is important in post translational cleavage of viral peptides from NS3 to NS5. The carboxyl two-third portion of NS3 functions as a helicase, which is essential for unwinding of viral RNA during replication. The NS5B protein functions as a viral RNA- dependent RNA polymerase (Lau et al., 2006).
The NS proteins then recruit the viral genome into an RNA replication complex, which is associated with rearranged cytoplasmic membranes. RNA replication takes places via the viral RNA-dependent RNA polymerase of NS5B, which produces a negative-strand RNA intermediate. The negative strand RNA then serves as a template for the production of new positive-strand viral genomes. New virus particles are assembled and released at the cell surface (Lindenbach and Rice, 2005) Figure (1) (Anzola and Burgos, 2003). 
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[bookmark: _Toc371492782]Figure (1):	HCV: model structure and genome organization, NTR: Non Translated Region (Anzola and Burgos, 2003).
[bookmark: _Toc371492091]Structure and Function of the Viral Proteins:
1-Core: The first structural protein encoded by the HCV open reading frame is the core protein which forms the viral nucleocapsid (McLauchlan et al., 2002).
The N-terminal hydrophilic domain (D1) of the core protein contains a high proportion of basic amino-acid residues and has been implicated in RNA binding. The core protein is an alpha (α)-helical protein that is found on membranes of the endoplasmic reticulum (ER), in membranous webs and on the surface of lipid droplets. The association with lipid droplets, which is mediated by the central, relatively hydrophobic domain (D2) and ensures its folding, may have a role during viral replication and/or virion morphogenesis (Boulant et al., 2006).
2-Envelope glycoproteins: The envelope proteins E1 and E2 are glycosylated and form a non-covalent complex, which is believed to be the building block for the viral envelope. HCV glycoprotein maturation and folding is a complex process that involves the ER machinery and depends on disulphide bond formation as well as glycosylation. The transmembrane domains of E1 and E2, located at their C-termini, have ER retention properties. Each of them is composed of two stretches of hydrophobic amino-acid residues that are separated by a short polar segment.The second hydrophobic patch functions as an internal signal peptide for the downstream E2 and p7 proteins. After cleavage, the signal sequence is reoriented towards the cytosol, resulting in a single transmembrane passage. Determination of the three-dimensional structures of E1 and E2 will be key to elucidating the receptor binding and fusion processes that are mediated by these proteins (Dubuisson, 2007).
3-p7: p7 is a 63-amino-acid polypeptide that is often incompletely cleaved from E2. It has two transmembrane segments connected by a short cytoplasmic loop, and the N terminus and C terminus are oriented toward the ER lumen (Carrère-Kremer et al., 2002). It has been reported that it might play an important role in viral particle maturation and release. It might therefore be an attractive target for antiviral intervention (Griffin et al., 2003).
4-NS2-3 protease: also known as the auto-protease, it is one of the difficult-to-study HCV proteins. It is dispensable for RNA replication in vitro but is essential for the complete replication cycle in vitro and in vivo (Pietschmann et al., 2006).
 The catalytic activity of the NS2-3 protease resides in the C-terminal half of NS2 and the N-terminal one-third of NS3. As with all of the HCV proteins, NS2 is associated with intracellular membranes. Its N-terminal domain contains at least one (possibly three) transmembrane segments (Pallaoro et al., 2001).
5-NS3-4A complex: NS3 is a multifunctional protein, with a serine protease located in the N-terminal one-third and an RNA helicase/NTPase (nucleoside triphosphatase) located in the C-terminal two thirds of the protein (Yao et al., 1999).
The NS4A polypeptide functions as a cofactor for the NS3 serine protease. Its central portion is incorporated as an integral component into the enzyme core, and its N-terminal portion is responsible for membrane association of the NS3-4A complex (Wölk et al., 2000).
6-NS4B: NS4B is a relatively poorly characterized 27-kDa protein. One of its functions is to induce the formation of the membranous web, the specific membrane alteration that serves as a scaffold for the HCV replication complex. It is predicted to contain four transmembrane segments (Yu et al., 2006).
7-NS5A: NS5A is a monotopic protein anchored to the membrane by an N-terminal amphipathic α-helix embedded in-plane into the cytosolic leaflet of the membrane bilayer.This helix has a hydrophobic, tryptophan-rich face that is embedded in the cytosolic membrane interface, whereas the polar, charged face is exposed to the cytosol and is probably involved in specific protein-protein interactions that are essential for the formation of a functional HCV replication complex (Penin et al., 2004).
NS5A is a phosphoprotein that can be found in basally phosphorylated (56kDa) and hyperphospho-rylated (58kDa) forms. Biochemical and functional studies suggest that the α-isoform of protein kinase may be responsible for NS5A hyperphosphorylation (Quintavalle et al., 2006).
Phosphorylation of NS5A is a conserved feature among flavivirus NS5 proteins, arguing that it has an important role in the HCV lifecycle. Cell culture adaptive mutations often affect centrally located serine residues that are required for hyper phosphorylation, suggesting that the phosphorylation state of NS5A modulates the efficiency of HCV RNA replication (Appel et al., 2005).
8-NS5B: 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 (RNA-dependent RNA polymerase) (Bressanelli et al., 2002). 
Membrane association is mediated by the C-terminal 21 amino-acid residues, which are dispensable for polymerase activity in vitro but indispensable for RNA replication in cells (Moradpour et al., 2004).
9-ARFP/F proteins: An alternative reading frame (ARF) was identified in the HCV core coding region that has the potential to encode a protein of up to 160 amino acids, designated ARFP (alternative reading frame protein) or F (frameshift) protein (Branch et al., 2005).
Detection of antibodies and T cells that are specific for the ARFP/F proteins in patients with hepatitis C suggests that these proteins are expressed during HCV infection (McMullan, 2007).Figure (2) shows diagrammatic representation of HCV proteins (Briana et al., 2012).
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[bookmark: _Toc371492783]Figure (2):	Topological arrangements of HCV proteins. The 10 mature HCV proteins are shown diagrammatically relative to the lipid bilayer membrane of the endoplasmic reticulum. The locations of the cytosolic and luminal membrane faces are indicated. No attempt was made to show the oligomeric state of the proteins as they probably function in the HCV lifecycle. The small fragment of core remaining in the membrane following signal peptide peptidase cleavage is shown in purple. The unusual E1 and E2 transmembrane sequences are indicated by green and blue bars hashed with a black line. During processing and polyprotein membrane threading these sequences form hairpin-like structures in the membrane. The remaining HCV proteins are shown with their putative membrane topologies (Briana et al., 2012).
Life Cycle of the Virus:
Replication of HCV involves several steps. HCV mainly replicates within hepatocytes in the liver, although there is controversial evidence for replication in lymphocytes or monocytes. By mechanisms of host tropism, the viruses reach these proper locations. Circulating HCV particles bind to receptors on the surface of hepatocytes and subsequently enter the cells (Lindenbach and Rice, 2005).
It is thought that the core protein and the envelope glycoproteins E1 and E2 are the principal protein components of the virion. E1 and E2 are presumably anchored to a host cell-derived double-layer lipid envelope that surrounds a nucleocapsid composed of multiple copies of the core protein and the genomic RNA (Wakita et al., 2005).
HCV only infects humans and chimpanzees. Hepatocytes are the main target cells but infection of B cells, dendritic cells and other cell types has also been reported. CD81, a protein that is found on the surface of many cell types, including hepatocytes, the Low density lipoprotein receptor (LDLR), scavenger receptor class B type I (SR-BI), and claudin-1 have, among others, been proposed as HCV receptors (Evans et al., 2007).
The LDLR is an attractive candidate receptor because of the association of HCV with LDL and VLDL. However, its precise role remains to be determined. Together with glycosaminoglycans, the LDLR and other cell surface proteins involved in serum lipoprotein binding and metabolism might serve as primary collectors of HCV particles for further targeting to CD81 and additional receptor components. HCV E2 also binds to dendritic cell-specific intercellular adhesion molecule-3-grabbing non-integrin (DC-SIGN, CD 209) and liver/ lymph node-specific intercellular adhesion molecule-3-grabbing integrin (L-SIGN, CD 209L). L-SIGN is a calcium-dependent lectin expressed on liver sinusoidal endothelial cells that may facilitate the infection process by trapping the virus for subsequent interaction with hepatocytes (Cocquerel et al., 2006).
Both CD81 and SR-BI bind E2 and are necessary but not sufficient for HCV entry. Expression of CD81 in CD81-negative hepatocyte-derived cell lines confers susceptibility to HCV (Bartosch and Cosset, 2006).
Blocking antibodies against CD81 or SR-BI, recombinant soluble CD81, oxidized LDL or RNA-mediated downregulation of CD81 expression reduce infectivity. However, expression of CD81 and SR-BI in non-hepatocyte-derived cell lines does not confer susceptibility to HCV infection, indicating that additional hepatocyte-specific factors must be required for HCV entry (Cocquerel et al., 2006).
[bookmark: _Toc371492092]Claudin-1 was found to be essential for HCV entry into hepatic cells and rendered non-hepatic cells permissive to HCV infection. However, certain cell types were found to be non-permissive despite expression of CD81, SR-BI and claudin-1, indicating that one or more additional HCV entry factor(s) remain to be discovered. Claudin-1 acts at a late stage of the entry process, after virus binding and interaction with CD81 (Evans et al., 2007), Figure (3) (Moradpour et al., 2007).
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[bookmark: _Toc371492094][bookmark: _Toc371492784]Figure (3):	Model for hepatitis C virus (HCV) entry: Circulating HCV particles can be associated with low- and very-low-density lipoproteins (LP). Virus binding to the cell surface and entry may involve the low density lipoprotein receptor (LDLR), glycosaminoglycans (GAG), scavenger receptor class B type I (SR-BI), CD81 and claudin-1 (CLDN1). CLDN1 functions at a late stage of cell entry, possibly at tight junctions of polarized hepatocytes. Internalization depends on clathrin-mediated endocytosis. Acidification of the endosome induces HCV glycoprotein membrane fusion. Uncoating process results in genome release into the cytosol (Moradpour et al., 2007).


[bookmark: _Toc371492095]HCV Replication Pattern:
Once inside the hepatocyte, HCV initiates the lytic cycle. It utilizes the intracellular machinery necessary to accomplish its own replication (Lindenbach and Rice, 2005).
 Formation of a membrane-associated replication complex, composed of viral proteins, replicating RNA and altered cellular membranes, is a hallmark of positive-strand RNA viruses (Mackenzie, 2005),Figure (4) (Moradpour et al., 2007).
[image: Replication of hepatitis C virus]
[bookmark: _Toc371492785]Figure (4):	Life cycle of hepatitis C virus: (a) Virus binding and internalization; (b) cytoplasmic release and uncoating; (c) translation and polyprotein processing; (d) RNA replication; packaging and assembly; (e) virion maturation and release (f) HCV RNA replication occurs in a specific membrane alteration, the membranous web (Moradpour et al.,2007). 
 Depending on the virus, replication might occur on altered membranes derived from the ER, Golgi apparatus, mitochondria or even lysosomes. The role of membranes in viral RNA synthesis may include: the physical support and organization of the RNA replication (Lyle et al., 2002); the compartmentalization and local concentration of viral products; tethering of the viral RNA during unwinding; provision of lipid constituents important for replication; and protection of the viral RNA from double-strand RNA-mediated host defences (Schwartz et al., 2002).
A specific membrane alteration, named the membranous web, was identified as the site of RNA replication in Huh-7 cells containing HCV replicons (Gosert et al., 2003).
Formation of the membranous web was induced by NS4B alone and was very similar to the ‘sponge-like inclusions’ previously observed using electron microscopy in the liver of HCV-infected chimpanzees (Egger et al., 2002).
It is hypothesized that the membranous web is derived from ER membranes; studies have revealed a complex interaction between HCV RNA replication and cellular lipid metabolism, presumably through the trafficking and association of viral and host proteins with intracellular membranes. In cell culture, HCV RNA replication is stimulated by saturated and mono-unsaturated fatty acids, and inhibited by polyunsaturated fatty acids or inhibition of fatty acid synthesis. These results suggest that membrane fluidity is important for the function of the replication complex (Kapadia and Chisari, 2005).
In the serum, HCV is physically associated with VLDL and LDL. HCV-envelope proteins bind to the LDL receptor, the SR-B1, DC-SIGN, CD209, L-SIGN, CD209L and CD81. HCV virions presumably uncoat within endosomes and release the genome into the cytoplasm. Translated HCV proteins, the HCV RNA template and host-cell factors form a replication complex in a virus-induced, perinuclear membranous web. A negative-strand copy of the RNA genome is produced first and used as a template to generate progeny positive-strand RNA. Virion assembly presumably begins with the interaction of capsid proteins and genomic RNA to form a nucleocapsid, which then acquires an envelope and is released as a mature virion from the infected cell (Racanelli and Rehermann, 2003).
HCV RNA is detectable in serum as early as two days after infection and typically does not peak for several weeks. Three patterns of viremia have been discerned in humans with acute hepatitis C. The first pattern is associated with successful control of infection and involves a precipitous drop in viremia just after the peak. Although a temporary rebound in viremia is sometimes observed, HCV RNA is permanently cleared from the serum of these individuals within the first six months of infection. The other two patterns of acute viremia are associated with infections that persist. In some individuals HCV RNA is consistently detected in plasma throughout the acute phase of infection. Others display transient control of virus replication because HCV RNA is undetectable in serum before rebounding to establish a chronic infection. Levels of viremia in the chronic phase of infection are relatively stable but can vary from about 104 to 107 HCV RNA genomes per milliliter of serum (Fanning et al., 2001).
HCV Genotypes and Subtypes:
HCV has 6 major genotypes and more than 50 subtypes based on nucleotide diversity within the core, E1, and NS5 genes. HCV genotype may differ genetically from another by as much as 35 % (Palmer, 2004). Three types of regions have been identified: highly conserved regions (e.g. the 5’ untranslated region (UTR)), variable regions (e.g. E1 and NS5B) and hypervariable regions (HVR) (e.g. HVR1 and HVR2 in E2) (Genovese et al., 2005).
Within each genotype, there are at least two or three subtypes, each of which may differ genetically from one another by about 15%. These subtypes are classified alphabetically as “a, b and c”. Different HCV genotypes are common to different areas of the world and different groups of people. For example, genotype 1a and 1b accounts for 70 to 75% of all HCV infections in the United States; genotype 2 is most commonly found in people with HCV in Italy, North Africa and Spain; genotype 3a is believed to be the predominant genotype among intravenous drug abusers in Europe and genotype 4 is commonly found among people with HCV in Egypt and the Middle East and genotype 5 and 6 are most common in Southeast Asia (Roman et al., 2008) Figure (5) (www.hopkins.com).
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[bookmark: _Toc371492786]Figure (5): Geographic distribution of hepatitis C viral species (www.hopkins.com).
Natural History of HCV Genotype-4:
There are few data on the natural history of HCV-4 in western Europe in relation to the acute form of the disease and its progression towards chronic hepatitis. Similarly, there are few data on the progression of fibrosis to cirrhosis and hepatocellular carcinoma (HCC). Prospective studies have shown that the overall rates of spontaneous resolution in acute HCV-4 infections range from 20 to 50% (Kamal et al., 2004).
However, patients with acute HCV-4 and HIV or Schistosoma mansoni coinfection have lower rates of spontaneous viral clearance (Kamal et al., 2001; Kamal et al., 2006). 
The rate of progression of fibrosis in HCV-4 monoinfection (0.1 ± 0.06 fibrosis units per year) is not significantly different from the rates reported in genotype1, 2 or 3 (Kamal et al., 2006). Patients with HCV-4 and schistosomiasis coinfection have higher fibrosis scores. Coinfected patients show accelerated rates of fibrosis, reaching 0.61 ± 0.13 fibrosis unit within 8–12 years (Esmat et al., 2007; Soriano et al., 2008). 
Two French studies have evaluated the severity of the disease and the predictors of advanced fibrosis in HCV-4 patients (Roulot et al.,2007;Moucari et al., 2009).The first retrospective study included a large number of HCV-4 patients from 19 French liver centres, with available liver biopsies in 1205 patients (802 French, 198 Egyptians and 205 Africans). At diagnosis, severe histological activity (Metavir score A2–A3) was present in 39% of patients and was significantly more frequent in the Egyptian group than that in the French and African groups (51.3 vs. 36.9 and 35.8%, P<0.0007) (Roulot et al., 2007). 
Similarly, the proportion of patients with cirrhosis (13.5%, on average) was higher in the Egyptian than that in the French and African groups (29.8 vs. 10.8 and 8.3%, P<0.001). However, multivariate analysis was not performed in this study to determine the independent predictors of cirrhosis. In the second prospective study including 226 consecutive HCV-4 patients (Egyptians 40%, Europeans 35% and Africans 24%), the predictors (logistic regression) of severe fibrosis (Metavir score F3–F4) were assessed according to epidemiological, metabolic and virological factors. The results of this study showed that severe fibrosis was independently associated with Egyptian origin (P<0.001), excessive alcohol intake (P = 0.021) and insulin resistance (P<0.001) (Moucari et al., 2009).
Numerous studies have revealed a relationship between the HCV genotype and the response to interferon therapy, alone or in combination with ribavirin. Patients infected with HCV genotype 1 respond less to therapy, while patients infected with HCV type 2 or 3 show the best response. Treatment responses for HCV genotype 5a and genotype 6a infections are largely unknown (Franciscus, 2006).Clinical trials show that HCV genotype 4 responses to treatment may be at an intermediate level compared with genotype 1 and genotypes 2 or 3 (Kamal and Nasser, 2008).
Epidemiology of HCV infection:
Hepatitis C is a disease with a significant global impact. According to the World Health Organization there are 130-170 million people infected with HCV. There is considerable regional difference (WHO, 2009).
Marked geographic variation exists, with infection rates ranging from 1.3% to 1.6% in the United States to 15% in Egypt (Armstrong et al., 2006; Kamal et al., 2008). Between 3.2 and 5 million persons are infected with HCV in the United States. The prevalence rate is higher in persons 40 to 49 years old than in older or younger persons, in males (2.1%) than in females (1.1%), and in African Americans (3%) than in whites (1.5%) (Armstrong et al., 2006). The prevalence of HCV infection in the United States may be underestimated because the National Health and Nutrition Examination Survey (NHANES) data did not evaluate persons who are homeless, incarcerated, or in the military. Among incarcerated persons, 12% to 35% are positive for HCV RNA serum (Weinbaum 
et al., 2005). Figure (6) (www.who.com). 
Very high rates of HCV antibody reactivity (>70%) have been reported in injecting drug users and in hemophiliacs. Intermediate prevalence of 20 to 30% has been observed in patients on hemodialysis (Alavian and Fallahian, 2009). 
Given the factors that influence viral diversity, estimating the site of origin and age of HCV by phylogenetic analysis is difficult. The best estimate is that HCV originated in western and sub-Saharan Africa. Subsequent global spread probably occurred coincident with trade and human migration. 

[bookmark: _Toc371492787]Figure (6): Global Prevalence of Hepatitis C Virus (www.who.com)
In Egypt, the spread of HCV increased exponentially from the 1930s to the 1980s because of mass vaccination campaigns with reuse of medical equipment (Kamal and Nasser 2008). In Egypt and other developing countries, high rates of infection are observed in all age groups, suggesting that an ongoing risk of HCV acquisition exists. In the United States, the incidence of acute hepatitis C is falling. The peak incidence was estimated to be 180,000 cases per year in the mid-1980s, but the rate declined to approximately 19,000 new cases by 2006 (Armstrong et al., 2006). 
Hepatitis C in Egypt:
Egypt has the highest prevalence of HCV worldwide (15%) and the highest prevalence of HCV-4, which is responsible for 90% of infections, with a predominance of subtype 4a (55%) (Elkady et al., 2009). 
Epidemiological and molecular evolutionary analysis on Egyptian genotype 4a isolates suggest the origin of the HCV-4 epidemic arises from the antischistosomal campaign, which was administered parenterally, and only stopped in the mid-1960s (Tanaka, 2004). 
However, other risk factors, mostly related to prevailing social and cultural conditions, are responsible for maintaining the high rates of HCV-4 transmission even after the treatment campaign was stopped. Currently, the major route of transmission appears to be health-related procedures with inadequately sterilized instruments. Procedures performed by non-medical professionals and traditional healers have been identified as important risk factors for HCV transmission in Egypt. Intrafamilial and sexual transmissions also play a role in the high prevalence of HCV-4 in this country (Mahmoud et al., 2011).
Risk Factors for Acquisition of HCV Infection:
Intravenous drug use, unprotected sex with multiple partners, and viral exposure during medical procedures, such as surgery, dialysis and dental treatment are factors associated with the highest degree of risk for HCV infection (Corey et al., 2006).
Health care employees are at risk for acute hepatitis C through accidental exposure, such as needle stick injury; however, recent reports indicate that the risk for HCV transmission after needle stick injury is lower than that previously believed (Kubitschke et al., 2007).
Of note, risk factor patterns vary according to geography. For example, within many Western countries intravenous drug use is the greatest risk factor, with sexual transmission and medical practices representing other less common risk factors. Conversely, in Egypt, occupational exposure seems to be the greatest hazard, with intravenous drug use and sexual transmission less evident (Kamal et al., 2006).
HCV Immunopathogenesis: 
It is believed that HCV is not cytopathic for infected cells. Therefore, immune responses must play a central role in the pathogenesis of HCV (Ding-You et al., 2005).
The elimination or persistence of HCV infection depends on the balance between the effectiveness, specificity and rapidity of the innate and adaptive immune responses, as well as on the HCV replication rate. Persistence of HCV can also be caused by infection at privileged (extra hepatic) sites, viral inhibition of antigen presentation, selective immune suppression, and the differentiation of memory T cells (Dustin and Rice, 2007).
The number and type of HCV exposures may influence the outcome of HCV infection. For example, the likelihood of HCV transmission (and therefore persistent infection) may be increased with multiple rather than isolated exposures. However, individuals recovering from one HCV infection are more resistant to subsequent infection than previously uninfected persons. Such individuals may maintain a memory T-cell response against the initial viral strain that protects against reinfection with that strain but not against heterologous strains. Interestingly, even among patients chronically infected with HCV, there is evidence for further host virus and/or virus-virus interactions selecting one virus strain over another. For example, despite probable multiple HCV exposures (e.g., injection drug users), most patients are infected with one dominant HCV subtype rather than multiple subtypes (Sugimoto et al., 2005).
After HCV infects the liver, viral replication continues and viral particles are continuously released into the circulation. The first lines of defense are provided by NK and NKT cells, of which populations are relatively increased in the liver compared to the periphery. These cells are activated in the liver, where expression of IFN-α and IFN-inducible genes are extremely high during the early phase of hepatitis virus infection (Su et al., 2002).
1- Innate Immune Response to HCV Infection:
Innate immune response plays a critical role in the control and resolution of HCV infection providing signals for the efficient priming of the adaptive branch of immune response (Barth et al., 2011). In particular, the innate immunity is important in HCV infection to control viral dissemination and replication in order to allow an adequate downstream development of antigen-specific humoral as well as cellular responses (Chang et al., 2003).
During the early phase of HCV infection, the viral RNA load increases in the first few days and remains high throughout the incubation period, which lasts for up to 10–12 weeks post-infection (Shin et al., 2011). In such early stage, large amounts of type I interferons (IFN-α, IFN-β) may be produced by HCV-infected hepatocytes as well as dendritic cells (DCs) to control viral replication (Hiroishi et al., 2008).
Besides producing type I IFN, DCs represent the key cell compartment of innate immunity, orchestrating the quality and potency of downstream adaptive immune response. They are professional antigen presenting cells (APCs) able to uptake and process viral antigens, as well as release cytokines to efficiently prime both CD4+ helper T cells and CD8+ cytotoxic T lymphocytes (CTLs)(Buonaguro et al., 2011). In particular, the subset of plasmacytoid DCs (pDCs) is considered the front line in antiviral immunity owing to their capacity to rapidly produce high amounts of type I interferon in response to viruses, upon recognition of viral components and nucleic acids through Toll-like receptor (TLR) 7 and TLR9 (Matsui et al., 2009).To further support such role, several reports show a decreased frequency of pDCs in peripheral blood of patients with chronic HCV infection and impaired production of IFN-α by pDCs from HCV patients (Dolganiuc et al., 2006).Also, myeloid or conventional DCs (cDCs) are programmed to produce IFN-α in response to viral infection upon interaction between viral double stranded RNA-like molecule polyinosinic:polycytidylic acid (poly I:C) and TLR3 (Kadowaki et al., 2001). Moreover, cDCs produce high amounts of cytokines, such as interleukin-12 (IL-12), which has been shown to play an important role in stimulating IFN-γ production from activated T cells, inducing the development of type 1 (Th1) protective immune response (Buonaguro , 2012).It has been demonstrated that an increased number of cDCs during acute HCV infection may be associated with viral clearance, whereas a loss in the number of cDCs may increase the risk for development of chronic HCV infection (Wertheimer et al., 2004). 
Non-productive HCV infection of DCs has been detected in subjects with chronic HCV and impaired in vitro antigen-presentation capacity has been documented in some studies, but not others. The functional defect may lead to inefficient priming of naïve CD4+ and CD8+T cells in primary infection, thereby favouring viral persistence (Della Bella et al., 2007).
Other cells involved in the innate response are the NK cells. Functions of these cells include generating a cytotoxic response, regulatory cytokines production and control on DC maturation and amplitude of DC response, which may deeply impact on type of downstream adaptive immune responses. Response to HCV infection by NK cell is direct apoptosis induction of infected cells with production of antiviral cytokines. Moreover, NK cell depletion or dysfunction favor HCV persistence (Golden-Mason et al., 2008).
 The role of interactions between HLA class I and killer cell–Ig-like receptors (KIR) during HCV infection has been shown. KIR can regulate NK cell activities (Paladino et al., 2007; Rauch et al., 2007).
The importance of NK cells in the resolution of HCV infection is illustrated by the influence of genetic polymorphisms of KIR and their HLA ligands on the outcome of HCV infection, which was dependent on a homozygous HLA class I ligand background (Knapp et al., 2010; Stegmann et al., 2010). There is need to focus on clear understanding of functional and molecular HLA-KIR interactions to know about the possible way for NK cell mediated protection in animal models of HCV infection. However, an increased proportion of NK cells expressing activating receptors, enhanced cytotoxicity and defective cytokine production have been revealed in chronic HCV infection (Oliviero et al., 2009). 
Dendritic cell-NK interactions range from cooperative stimulation to NK cell-mediated lysis of DCs. Type I IFN secreted by DCs could potentiate NK cell cytotoxic activity by inducing upregulation of tumor necrosis factor-α-related apoptosis-inducing ligand (TRAIL). Mature DCs are a major source of IL-12, which enhances NK cell-mediated cytotoxicity and IFN-γ production. Moreover, DCs might also activate NK cells indirectly by promoting the expansion of antigen-specific T cells, which secrete IL -2, which in turn activates NK cells. Mature DCs are also a potential source of IL-15, which promotes NK cell survival and differentiation invivo; indeed, autologous human DCs support the survival of NK cells better than IL-2 alone. Maturation of immature DCs into efficient antigen-presenting cells capable of initiating effective T cell responses is dependent on NK:DC interactions through cell surface contact and cytokine secretion, and, in turn, DCs activate NK cells. IL-2 activated NK cells kill immature DCs and may also play a role in downregulation of immune responses as IL-2 is primarily produced by activated inflammatory T cells (Moretta, 2005). Figure (7) (Golden-Mason and Rosen, 2006).
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[bookmark: _Toc371492788]Figure (7):	NK cells are involved in the initiation and resolution of inflammatory responses. Pathogens are taken up by and activate immature DCs (iDCs). Maturing DCs release a variety of cytokines that act on NK cells. Cytokines and cell contact signals induce NK cell survival, activation, proliferation, and cytokine production. Signals from activated NK cells are critical for appropriate DC maturation and activation. Mature activated NK cells (αNK) acquire enhanced cytolytic activity and can directly lyse cells infected with intracellular pathogens. Mature DCs (mDCs) prime naive T cells and induce inflammatory CD4+ T helper type 1 (Th1) and CD8+ cytotoxic T cell (CTL) responses. Antigen-specific Th1 cells produce IL-2 and IFN-γ. IL-2-activated NK cells are capable of lysing iDCs, and so limit the immune response (Golden-Mason and Rosen, 2006).
Evasion of Innate Immune Response by HCV:
i. Interferon Production: 
Antiviral state, induced by secreted IFN- γ, gives an alert to uninfected cells by activation of effector molecules. Binding of IFN- γ to cognate receptor complex leads to the activation of JAK/STAT pathway, which results in the induction of IFN-stimulated genes (ISGs) and lead to enhance the IFN response (Rehermann, 2009).
However, HCV has organized a number of countermeasures not only to inhibit the induction phase, but also interfere with the effector phase of the IFN system. HCV core, when over expressed in cell culture, disturbs antiviral activity via interfering in JAK/STAT signaling and ISG expression by inhibition of STAT1 activation. Simultaneously it induces its degradation by induction of inhibitor of the JAK/STAT pathway,SOCS3 (Suppressor of Cytokine Signaling 3) (Bode et al., 2003), protein phosphatase 2A (PP2A), which ultimately reduces the transcriptional activity of ISG factor 3 (ISGF3) and inhibits ISGF3 interaction to IFN-stimulated response elements (Rehermann, 2009).In addition, HCV NS5A interferes with the function of ISGs by inhibiting 2′-5′ oligoadenylate synthetase (2′-5′ OAS) and leads to overall ISG expression impairment (Polyak, 2003). Protein kinase Receptor (PKR) can negatively regulate HCV replication noncytolytically in cell cultures. This protein can interact with HCV NS5A which subsequently makes NS5A functionless. Interestingly, HCV E2 acts as distraction target to PKR (Kim et al., 2004; Zhao et al., 2004).
ii. Dendritic cells (DC):
Dendritic cells are professional APCs with important functions in antiviral immunity through activation of adaptive immune responses. Type-I IFNs are also produced by pDCs, which derive from the lymphoid lineage. Production of IFN alpha/beta, in early phase of infection occurs after recognition of ssRNA and dsRNA by TLR7 and TLR9 respectively (Albert et al., 2008). The frequency of pDCs in the blood (Nakamoto et al., 2008) and their production of IFN- γ in HCV infection are reduced after in vitro stimulation (Bowen et al., 2008). The possible mechanism has been demonstrated in in-vitro studies. First, HCV core and NS3 activate monocytes by TLR2 signaling to produce TNF-γ, which in turn inhibits IFN-γ production and induces pDC apoptosis. Second, HCV itself inhibits IFN-γ production of pDCs (Megha et al., 2011). However, other studies revealed regular response to TLR stimulation by circulating pDCs of chronically infected individuals(Decalf et al., 2007) and they have high levels of endogenous type I IFNs without immuno-dysfuction (Albert et al., 2008). Despite of the significance of the above mechanism, the host rarely overcomes HCV infection. This suggests several other viral evasion mechanisms. HCV proteins can interact with monocytes/macrophages through TLR2, inducing the IL-10 production, which hampers IL-12 production by mDC and IFN-alpha by pDC. IL-12 cytokine production by mDC is decreased in HCV patients in response to stimuli like CD40L or polyinosinic: polycytidylic acid (poly I:C), which can explain clearly the shift from Th1 to Th2 response in HCV patients. In-vitro studies indicate that DC expressing core and E1 proteins have lower stimulatory ability, which is associated to the lack of maturation after stimulation with TNF-alpha or CD40L (Megha et al., 2011).
iii. Natural Killer Cells:
The impaired function of NK cells in the course of HCV infection is particularly evident in their interactions with DCs (Mavilio et al., 2006). Although DCs are able to produce IL-15, the production is deficient, apparently due to the inhibitory effect of IFN-α. NK cells normally activate DCs, however, in the chronic HCV infection the activating effect is poor. This results in impaired antigen presentation by DCs. Several alterations of NK receptor expression and function during chronic HCV infection have been described. For example, an increase of NKG2A inhibitory receptor expression was shown both on intrahepatic and peripheral blood NK cells (Bonorino et al., 2009; Harrison et al., 2010). Further details on the role of NK cells in HCV infection as well as evasion of NK response by HCV will be discussed in the following chapter.
2- Adaptive Immune Response to HCV Infection:
The second barrier to control HCV infection is the adaptive immunity. This response has two arms to fight against pathogens; humoral and cellular immune response. Humoral immune response, that means neutralizing and non-neutralizing antibodies can endorse antiviral activity and pathogenesis. Cellular immune response shows antiviral immunity by means of virus specific CD8 cytotoxic T lymphocytes (CTLs) and CD4 T helper cells, which play key effector and regulatory roles respectively. These T cells take part in viral pathogenesis of HCV by direct killing of infected cells or producing soluble factors able to clear the virus in a non-cytolytic manner, but also can lead to HCV pathogenic events, favoring direct liver damage and attracting non-specific inflammatory cells to perpetuate the liver inflammation (Guidott, 2006).
* Adaptive cellular response during acute HCV infection:
[bookmark: _GoBack]Vigorous CD4+ and CD8+ T cell responses targeting multiple HCV regions with intrahepatic production of IFN- γ emerged in acute hepatitis C infection (Bowen and Walker, 2005). Decreasing viral titer correlates precisely with the appearance of HCV-specific T cells and IFN- γ expression in the liver (Shin et al., 2006). The appearance of HCV-specific T cells can be detectable in the peripheral blood or in the liver compartment several weeks after infection in humans or experimental chimpanzee models,respective with primary peak of transaminases and irrespective of clinical outcome (resolution or chronicity) (Rehermann et al., 2009).
The protective function of CD4+ T cells appear to be due to the production of antiviral cytokines, but also their helping nature to antiviral B cells and in maintenance of CD8+ T cell memory. The HCV clearance has been observed and correlated with vigorous proliferation of specific CD4+ T cells with concurrent IL-2 and IFN- γ production (Kaplan et al., 2007). The early sustained development of CD4+ T cell response needs to be successful for viral clearance (Urbani et al., 2006b). 

Despite that, HCV specific CD4+ T cell responses are not observed in chronic HCV infection, and that the recurrent viremia has been correlated with loss of previous strong CD4+ T cell responses after several months of viral clearance, studies on the role of CD4 help in spontaneous recovery in acute HCV infection have demonstrated its importance (Smyk-Pearson et al., 2008). 
It has been demonstrated that CTL priming in presence of CD4 help as a critical factor in protective function. However, the magnitude of CD8+ T cells response in acute HCV infection does not correlate with the clinical or viral outcome (Megha et al., 2011). Expression of a dysfunctional phenotype with weak proliferation, low IFN-γ production, impaired cytotoxicity and increased levels of the well known exhausted phenotype programmed death-1 receptor (PD-1) are found in HCV infection, irrespective of infection progression (Bowen et al., 2008). Antigen-dependent reactivity of HCV-specific CD8+ T cells has been proved by a rapid decay of CD8+ T cell responses during antiviral therapy (Rahman et al., 2004).
However, the appearance of self sustaining memory T cells (CD127+ memory HCV-specific CD8+ T cells and CD4+ T cells) are necessary to control HCV infection (Urbani et al., 2006a).In fact, years after HCV control due to anti-HCV treatment it is possible to find HCV traces in association with HCV-specific T cell reactivity. These data suggest that HCV specific memory T cells are essential to clear HCV infection completely after the initial acute clearing (Veerapu et al., 2011).
*Adaptive cellular response during chronic HCV infection
Completely resolved HCV patients exhibit broader CTL responses with higher functional avidity and wider cross-recognition ability than patients with persistent HCV infection (Yerly et al., 2008). 
There are evidences that demonstrate rapid mutation in HCV genome, T cell exhaustion because of expression of inhibitory molecules, immune regulatory cytokine induction and immune modulatory T reg cell activation, which are the main reasons for HCV persistence in chronically infected patients (Hiroishi et al., 2010).
Like Retrovirus, HCV polymerase has high replication rate and lack of proofreading capacity (capacity of errors correction), which permit a rapid virus escape from emerging humoral and cellular immune responses and lead to persistent infection (Tester et al., 2005).
Mutation study in early HCV infection in HLA class I restricted epitopes targeted by CD8+ T cells are associated with HCV persistence (Timm et al., 2004; Ray et al., 2005), which proved indirectly that HLA-restricted CD8+ T cells exert selection pressure. Furthermore, the HLA alleles can influence infection outcome (Neumann-Haefelin et al., 2006).
The secretion of certain immuno-regulatory cytokines is also related to HCV persistence. IL-10 cytokine is found to increase in chronic HCV infection (Piazzolla et al., 2000).
The suppression of both IFN-γ production and virus specific CD4+ and CD8+ T cells proliferation have been observed in livers with IL-10–producing HCV specific CD8+ T cells. Furthermore, IL-10 produced by monocytes or NK cells downregulates effector T cell responses (Accapezzato et al., 2004).
IL-10 produced by HCV-specific CD8+ T cells does not only inhibit IFN- γ production (Duramad et al., 2003), but also promotes apoptosis of pDCs (Dolganiuc et al., 2006). However, intrahepatic HCV-specific IL-10 producing CD8+ T cells prevent liver damage during chronic disease (Abel et al., 2006). 
Transforming Growth Factor-β (TGF-β) has also been demonstrated to be involved in antiviral immune suppression and chronic HCV infection evolution (Alatrakchi et al., 2007). Thus, regulatory cytokines such as IL-10 or TGF-β decrease liver inflammation, after affecting the protective immune response, developing a dual task. They impair T cell responses to allow viral persistence but also decrease liver damage to extend host survival (Megha et al., 2011).
Regulatory T cells (T regs) are important to control the balance between host damage and viral control produced by specific immune response. In cases of excessive immune response, that could be harmful for the host, these cells can induce immune-tolerance to the viral epitopes. Tregs are derived from natural or induced T cell populations, in which natural CD4+ Tregs are generated during normal T cell development in the thymus, whereas induced Tregs are generated from mature T cells (Bluestone and Abbas, 2003).
T cell subset with suppressive function, CD4+ CD25+ FoxP3+ regulatory T (T reg) cells, engages in the control of auto-immunity and immune responses, through various mechanisms including the inhibition of APC maturation and T-cell activation (Shevach, 2009).
	Higher Tregs frequency has been observed in chronic HCV infected patients than in resolved patient. Interestingly, depletion of CD25+ cells could enhance responsiveness of the remaining HCV-specific effector cells in vitro (Boettler et al., 2005), which suggest a fundamental role of Tregs in the establishment of chronic HCV infection. Moreover, Treg cells are induced and proliferate in chronic HCV infection and appeared to alter liver inflammation (Zerbini et al., 2008). 
Conversely, Programmed Death ligand-1 (PDL-1) mediated inhibition limits the expansion of Tregs by controlling STAT-5 phosphorylation (pSTAT-5) (Franceschini et al., 2009), which can diminish suppressive function of Tregs, lead to viral load control and ultimately ensure long-lasting survival of the host.
HCV is able to induce the up-regulation of different negative co- stimulatory molecules in order to provoke an anergic status on HCV specific T cells. Expression of the inhibitory receptor PD-1 is one of these molecules involved in the generation of a state of exhaustion on HCV-specific CD8+ T cells during chronic HCV infection (Barber et al., 2006). Figure (8) (Megha et al., 2011).
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[bookmark: _Toc371492789]Figure (8):	Scheme showing the balance between co-stimulatory/apoptotic molecules and HCV specific CTLs reactivity according to infection outcome. Expression of the inhibitory receptor PD-1(programmed death-1 receptor) is one of these molecules involved in the generation of a state of exhaustion on HCV-specific CD8+ T cells during chronic HCV infection.CTLA-4 (Cytotoxic T Lymphocyte-Associated Antigen)/PD-1 Synergistic reversal of intrahepatic HCV-specific CD8 T cell exhaustion is mediated by combined PD-1/CTLA-4 blockade. BTLA (B and T Lymphocyte Attenuator): inhibits T-cell proliferation and cytokine production in vitro and mediates the negative regulation of CD8+ T-cell homeostasis and memory cell generation in vivo. 4-1 BB (CD 137): a member of the tumor necrosis factor receptor family, generates co-stimulatory signals leading to T-cell activation and proliferation for viral eradication. Tim-3: plays a crucial role in negative regulation of innate immune responses, through crosstalk with PD-1 and SOCS-1 and limiting STAT-1 phosphorylation, and may be a novel target for immunotherapy to HCV infection. MCL-1 (myeloid cell factor -1)\ Bim: Mcl-1/Bim expression and T cell reactivity on HCV-specific CTLs were compared according to CD127 phenotype. In persistent hepatitis C virus (HCV) infection, HCV-specific cytotoxic T lymphocyte (CTL) reactivity is impaired and this affects HCV control. Interleukin-7 receptor (CD127) expression on these cells could regulate CTL reactivity through Mcl-1/Bim balance modulation. Neg.: negative. Pos.: positive. CTLs: cytotoxic T lymphocytes. HCV: hepatitis C virus. (+): possible molecules induced by HCV infection. (-): possible molecules down-regulated by HCV infection (Megha et al., 2011).
In addition, blocking of PD-1 signaling resulted in the functional restoration of blood-derived HCV-specific CD8+ T cell responses in chronic infection (Penna et al., 2007). 
However, the PD-1 alone is not sufficient in defining exhausted HCV-specific CD8+ T cells during HCV infection. To restore function of HCV-specific T cells isolated from liver biopsies of infected patients, there is need of CTLA-4 blockade in addition to PD-1 blockade (Nakamoto et al., 2009).
In addition, the co-expression of other inhibitory receptors such as 2B4, CD160, Tim-3 and KLRG1 occurred in about half of HCV-specific CD8+ T cell responses and correlate with low or intermediate level of CD127 expression, impaired proliferative capacity, an intermediate T cell differentiation stage (Bengsch et al., 2010).
These data indicate that HCV infection modulates different negative co-stimulatory molecules to favor the development of HCV-specific CD8+ T cell exhaustion. On the other hand, HCV infection is also able to regulate pro-apototic pathways to induce HCV-specific T cell deletion in order to escape from immune response. HCV-specific CTLs from chronic patients targeting the virus express an exhausted phenotype associated to the up-regulation of the pro-apoptotic molecule Bim. The activity of this molecule is contra-regulated by the anti-apoptotic molecule Mcl-1, figure (8). Interestingly, the reactivity of these cells is impaired but can be restored by blocking apoptotic pathways (Megha et al., 2011).
HCV is able to impair adaptive immune response at different levels. The effector population in charge of HCV clearing is defective because HCV is able to induce anergy and apoptosis on those cells. Figure (8). Moreover, HCV is able to escape humoral response and cellular response by escape mutations in immunodominant epitopes. Finally, HCV is also quite efficient in the impairment of the specific T helper response, which is essential to organize the humoral and cellular response. To perform all these immuneescape strategies, HCV takes advantage of the pro-anergenic environment of the infected liver, because HCV-specific T cell priming at this level is not efficient to develop adequate effector cells. As it was commented for HBV infection, HCV immune response restoration could be an interesting therapeutic tool to help in viral clearance in chronic patients (Larrubia and J. R. et al., 2011).
*Humoral Immune Response to HCV Infection:
Neutralizing antibodies (nAbs) generally play a critical role for controlling initial viremia and protecting from re-infection in viral infections. However, the role of the humoral immune response in the clearance of HCV infection has been in the dark for a long time due to difficulties to determine relative role of antibodies to neutralize HCV. It can exclusively be evaluated by relevant model systems. It is thought that HCV clearance could occur in the absence of nAbs. If they are present alone, these Abs are inadequate to eradicate HCV in most of the cases in early studies (Dustin and Rice, 2007).
It has been proved that HCV specific T cells may compensate for lack of neutralizing antibodies to obtain HCV clearance (Semmo et al., 2006).
However, due to the development of novel model systems, it is possible to focus on HCV entry into host cells and neutralization process which demonstrated that nAbs are induced by patients who subsequently control or resolve viral infection in the early phase of infection and contrary in chronic infection (Zhong et al., 2005). This suggests that a strong, early, broad nAbs response may contribute to resolution of HCV in the acute phase of infection while delayed induction of nAbs may contribute to development of chronic HCV infection. Instead of the rapid, vigorous and multi-specific antiviral host immune responses, chronic patients have been shown to develop a delayed and inefficient neutralizing antibody response due to HCV escape mechanism (Zeisel et al., 2008).
It has been proposed that HCV stimulates B cells in a B cell receptor-independent manner in chronic infection (Racanelli et al., 2006) and may favor the development of lymphoproliferative and autoimmune diseases (Guidotti and Chisari, 2006).
Although, in vitro studies demonstrate that the neutralization ability of HCV-specific nAbs is enhanced by complement activation against pseudotyped viruses (pseudotyped virus is an enveloped virus particle assembled with a foreign viral glycoprotein. The process of producing such particles is termed pseudotyping. These viruses infect different cells than the wild-type virus does. The cell type is determined by the glycoprotein) (Racanelli et al., 2006), there is absence of direct experimental evidence about the presence of any of these Ab mediated functions during natural HCV infection. However, immune complexes are believed to play a pathogenetic role in the development of manifestations such as cryoglobulinemia, glomerulonephritis, porphyria cutanea tarda, and necrotizing cutaneous vasculitis during chronic HCV infection (De Rosa and Agnello, 2004).



[bookmark: _Toc371492096]Natural Killer Cells
Introduction: 
Natural killer (NK) cells are lymphocytes that belong to the innate immune system. They are important for the early defense against viral infections and provide tumor immune surveillance against both solid tumors and leukemias as well as in settings of hematopoietic stem cell transplantation. They also play an important role in human pregnancy via spiral artery modulation, and deliver signals that shape adaptive immune responses. However, despite these insights, several unresolved issues remain with regards to mechanisms by which NK cells respond in these and other conditions (Björkström et al., 2011).
Natural Killer Cell Subtypes:
Natural killer cell immunophenotype is usually described as CD56+, CD16+, and CD3-. According to the expression of CD56, CD16 differentiation antigens and functional features, NK cells are further subdivided to several subsets. Thus, CD56dimCD16+ cells constitute the majority of NK and are known to be the main cytotoxic effectors. CD56 brightCD16+cells comprise about 10% of total NK cells and are producers of interferon (IFN)-γ and other immunoregulatory cytokines. The division of these two main subsets is not absolute, because it has been shown that CD56bright cells may transform into CD56dim ones. Moreover, the later can also produce the above mentioned cytokines. In addition, CD56-CD16+ subset of NK cells may also be found, but their function remains unclear (Björkström et al. 2011). Recent data suggest that CD56- NK cells exhibit functional skewing manifested by low capacity to produce IFN-γ, and to degranulate, but may release significant amounts of chemokines such as MIP-1α, MIP-1β, and RANTES, Figure (9) (Mariusz et al., 2011). 
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[bookmark: _Toc371492790]Figure (9): NK cell subsets (Mariusz et al., 2011).
Natural Killer Cell Receptors:
NK cell activation is tightly regulated by a balancing act of activating and inhibitory signals that are integrated in a complex network of receptors expressed on the cell surface. The net balance of inhibitory and activating signals transmitted by these receptors determines whether NK cell will eliminate its target. There are three main inhibitory receptor families, all of which recognize major histocompatibility complex (MHC) class I molecules as their ligands: killer immunoglobulin (Ig)-like receptors (KIRs), the heterodimer CD94/NKG2A receptor and the leukocyte Ig-like receptor-1 (LIR-1). KIRs are a polymorphic set of proteins that belong to the Ig superfamily and recognize with allele specificity the classical MHC class I ligands: human-leukocyte antigen (HLA)-A, HLA-B and HLA-C. CD94/NKG2A is a member of the C-type lectin family of NK receptors and has binding specificity for the non-classical MHC class I molecule HLA-E. Like KIRs, LIR-1 is also a member of the Ig superfamily, but displays a binding specificity for a broad spectrum of classical (HLA-A, HLA-B and HLA-C) and non-classical (HLA-E, HLA-F and HLA-G) MHC class I molecules. These inhibitory receptors facilitate the “self” versus “non-self” recognition strategy termed the “missing-self” hypothesis, which states that NK cells mediate their function through the recognition of autologous cells that have lost or altered self-MHC class I expression, characteristic of infected or tumor-transformed cells (Miller and McCullar , 2001).
In addition to inhibitory receptors, NK cells also contain activating receptors in their repertoire, some of which include the following: natural cytotoxicity receptors (NCRs) NKp30, NKp44 and NKp46, the heterodimers CD94/NKG2C/E, the homodimer NKG2D and FcγRIIIA (CD16) in early 90% of peripheral NK cells. NK cell activating receptors have multiple ligands; with NKG2D recognizing the polymorphic MHC class I-related chain (MICA) and MICB molecules and UL-16 binding proteins (ULBPs), the NCRs recognizing viral hemagglutinins and membrane associated heparin sulfate proteoglycans, the heterodimeric receptors CD94/NKG2C/E recognizing the nonclassical MHC class I molecule HLA-E and the low affinity Fc receptor CD16 recognizing the Fc portion of IgG antibodies. Recently, NK cells have been described to express a novel immune receptor Tim-3 (T cell immunoglobulin and mucin-containing domain-3), which recognizes an S-type β-galactoside binding lectin galectin-9 (Gal-9) (Michelle et al., 2012).Figure (10) (Vivier et al. 2011), Figure (11) (Abbas et al., 2012).
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[bookmark: _Toc371492791]Figure (10):	NK cell receptors. NK cells express many cell surface receptors that can be grouped into activating (green), inhibitory (red), adhesion (blue), cytokine (black) and chemotactic receptors (purple). In addition to MHC class I–specific receptors, other NK cell inhibitory receptors specific for non-MHC ligands also regulate NK cell reactivity. Adaptor molecules involved in the signaling cascade downstream of the engagement of activating receptors (green) are also indicated (Vivier et al. 2011).
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[bookmark: _Toc371492792]Figure (11):	Structure and ligands of activating and inhibitory receptors of NK cells. Examples of inhibitory and activating NK cell receptors and their ligands. CD16 and the natural cytotoxic receptors (NCRs) associate with ζ chain homodimers, FcεRIγ homodimers, or ζ-FcεRIγ heterodimers. There are multiple different KIRs, with varying ligand specificities (Abbas et al., 2012).
Natural Killer Cell Function:
1-Cytolytic granule mediated cell apoptosis:
NK cells are cytotoxic; small granules in their cytoplasm contain proteins such as perforin and proteases known as granzymes. Upon release in close proximity to a cell slated for killing, perforin forms pores in the cell membrane of the target cell, creating an aqueous channel through which the granzymes and associated molecules can enter, inducing either apoptosis or osmotic cell lysis. The distinction between apoptosis and cell lysis is important in immunology: lysing a virus-infected cell could potentially only release the virions, whereas apoptosis leads to destruction of the virus inside. Alpha (α) defensins, an antimicrobial is also secreted by NK cells, it directly kills bacteria by disrupting their cell walls analogous to neutrophils (Iannello et al., 2008).
2-Antibody-dependent cell-mediated cytotoxicity (ADCC):
Infected cells are routinely opsonised with antibodies for detection by immune cells. Antibodies that bind to antigens can be recognised by FcγRIII (CD16) receptors expressed on NK cells resulting in NK activation, release of cytolytic granules and consequent cell apoptosis (Smyth et al., 2002).
3-Cytokine induced NK and CTL activation:
Cytokines play a crucial role in NK cell activation. As these are stress molecules released by cells upon viral infection, they serve to signal to the NK cell the presence of viral pathogens. Cytokines involved in NK activation include IL-12, IL-15, IL-18, IL-2, and CCL5. NK cells are activated in response to interferons or macrophage-derived cytokines. They serve to contain viral infections while the adaptive immune response is generating antigen-specific cytotoxic T cells that can clear the infection. The activated NK cells evoke DCs to produce IL-12 and to induce protective CD8+ T-cell responses against tumors. NK cells work to control viral infections by secreting IFNγ and TNFα, IFNγ activates macrophages for phagocytosis and lysis and TNFα acts promote direct NK tumor cells killing. Furthermore, IFNγ-deficient NK cells fail to effectively activate CD8+ T cells, suggesting IFN-γ plays an important role in NK-mediated activation of cytotoxic T lymphocytes (CTLs) (Zimmer, 2010).
4-Missing 'self' hypothesis:
In order for NK cells to defend the body against viruses and other pathogens, they require mechanisms that enable the determination of whether a cell is infected or not. Recognition of an "altered self" state is thought to be involved. To control their cytotoxic activity, NK cells possess two types of surface receptors: activating receptors and inhibitory receptors. Most of these receptors are not unique to NK cells and can be present in some T cell subsets as well. These inhibitory receptors recognize MHC class I alleles, which could explain why NK cells kill cells possessing low levels of MHC class I molecules. This inhibition is crucial to the role played by NK cells. MHC class I molecules are the main mechanism by which cells display viral or tumor antigens to cytotoxic T-cells. A common evolutionary adaptation to this is seen in both intracellular microbes and tumors, the chronic down-regulation of MHC I molecules, rendering the cell impervious to T-cell mediated immunity. It is believed that NK cells, evolved as an evolutionary response to this adaptation (the loss of the MHC deprives CD4/CD8 action so another immune cell evolved to fulfill the requirement) (Lodoen and Lanier, 2005).
5-Tumor cell surveillance:
NK Cells often lack antigen specific cell surface receptors and therefore, they represent a part of innate immunity i.e. able to react immediately with no prior exposure to the pathogen. In both mice and humans NKs can be seen to play a role in tumor immuno-surveillance by directly inducing the death of tumor cells (NKs act as cytolytic effector lymphocytes) even with the absence of surface adhesion molecules and antigenic peptides, this role of NK cells is critical for immune success particularly because T cells are unable to recognize pathogens in the absence of surface antigens (Vivier et al., 2011).
Tumor cell detection results in activation of NK cells and consequent cytokine production and release. If the tumor cells do not cause inflammation they will also be regarded as self and therefore will not induce a T cell response. A number of cytokines are produced by NKs including TNFα, IFNγ and IL-10; TNFα and IL-10 act as pro-inflammatory and immuno-suppressors respectively. The activation of NK cells and subsequent production of cytolytic effector cells impacts macrophages, dendritic cells and neutrophils which subsequently affects antigen specific T and B cell responses. Instead of acting via antigen specific receptors, lysis of tumor cells by NK cells is mediated by alternative receptors including NKG2D, NKp44, NKp46 and NKp30 (Terunuma et al., 2008). 


Natural Killer Role in HCV:
An interesting aspect of the role of NK cells in the HCV infection is the expression of particular forms of KIR receptors in combination with HLA-C allotypes and its relation to the disease outcome. It has been demonstrated by several authors that homozygosity of KIR2DL3 (D: domain, L: long) and HLA-C1 confers partial resistance to viral hepatitis C (Gendzekhadze et al., 2009).
The infected individuals often remain seronegative and aviremic. For example, when infected, these patients may spontaneously resolve infection, while when undergoing antiviral treatment, are more likely to manifest a sustained virological response (SVR) which defined as (continued undetectable HCV viral load 24 weeks after completion of therapy). This observation was confirmed in different ethnic groups (Knapp et al., 2010).
Possible explanation of this phenomenon is the lower avidity of the binding of KIR2DL3 to HLA-C that results in down regulated activity of the inhibitory receptor and the enhanced function of KIR2DL2 activating receptor (Fadda et al., 2010).
-NK Cells in the Acute Phase of Hepatitis C:
Following infection with HCV, peripheral blood NK cells become more prevalent and activated. There is an increase in the number of CD56+ bright and a relative reduction of CD56+dim NK cells. Both cell types show an increased expression of NKG2D receptor. IFN-γ production and cytotoxicity of NK cells are greater than observed in healthy controls (Amadei et al., 2010). This is associated with an increased NK cell degranulation (irrespective of the outcome of the infection), but correlated with the specific T cell response. Expression of NKG2A inhibitory receptor in NK cells is lower. In contrast, NKG2D activating receptor expression is upregulated. Production of IFN-γ is augmented, but the rise is lower in intravenous drug users, presumably due to inhibitory effect of drugs such as opium (Pelletier et al., 2010). Activation status of NK cells tends to decline in those individuals, who clear HCV, but usually persists in those progressing to a chronic phase. It has been reported that lower prevalence of NK cells expressing activating receptors as NKp30, NKp46, CD161 and NKG2D were found in patients who were able later to clear HCV infection over time, compared to patients, who progressed to a chronic phase (Alter et al., 2011). Several cytokines have been implicated in NK cell activation and function, such as IL-12, IL-18 and IFN-γ. There has been much interest in type III IFN, IL-28B (IFN-λ3), that is considered as a mediator of HCV clearance (Rauch et al., 2010). It has been postulated that IFN-γ-mediated viral clearance is probably more efficient than the elimination of infected hepatocytes by cytotoxic effector cells. A possible explanation of this difference may be related to the mechanism of cytotoxicity that requires a 1:1 contact between effector cell and hepatocyte, whereas IFN-γ released by single NK cell may be cytotoxic to 100-fold liver cells (Mariusz et al., 2011). 

-NK Cells in Chronic Phase of Hepatitis C:
In general, NK cells in the chronic phase of HCV infection are down-regulated, both in number and function. The total number of lymphocytes, absolute number and percentage of NK cells in peripheral blood are decreased. Several authors reported reduced NK prevalence in peripheral blood of HCV patients that was usually associated with the decline of IFN-c production (Dessouki et al., 2010). One of the possible reasons for this observation could be the lack of IL-15 necessary for NK development and function (Meier et al., 2005). 
With regard to NK subsets, there is a general consensus that the relative increase of CD56 bright cells is not associated with CD56dim cell increase. Upregulation of tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) contributing to damage of hepatocytes in situ has been shown in NK cells. It has been postulated that the decrease of CD56dimNK cells is due to the effect of endogenous and/or therapeutic IFN-α. In contrast, CD56-CD16+ NK cell subset becomes expanded. The CD56-CD16+ NK cells, however, are considered to be in the terminal stage of differentiation and function. They produce small amounts of IFN-γ and release some chemokines such as Macrophage Inflammatory Protein-1 (MIP-1). Their significance remains to be elucidated (Gonzalez et al., 2009).
The impaired function of NK cells in the course of HCV infection is particularly evident in their interactions with DCs (Mavilio et al., 2006). Although DCs are able to produce IL-15, the production is deficient, apparently due to the inhibitory effect of IFN-α. NK cells normally activate DCs; however, in the chronic HCV infection the activating effect is poor. This results in impaired antigen presentation by DCs. Several alterations of NK receptor expression and function during chronic HCV infection have been described. For example, an increase of NKG2A inhibitory receptor expression was shown both on intrahepatic and peripheral blood NK cells (Harrison et al., 2010).NKG2D was shown, to be hypofunctional, because their ligand MICA (nonpolymorphic MHC class I chain related) protein expression is impaired on HCV-infected hepatocytes and DCs. This results in lower DCs activation (Jinushi et al., 2004). Furthermore, NK cells have shown decreased KIR expression with an increased expression of some activating receptors. Although there are conflicting reports concerning NKG2D activating receptors, the general consensus is that there is the activating receptors such as NKG2C, NKp30, NKp44 and NKp46 are up regulated. This could explain why the cytotoxicity of NK cells in chronic HCV was reported intact or increased (Yoon et al., 2009). 
Some authors noticed the change in the polarization profile of NK cells, from NK1 secreting IFN-γ and TNF-α to NK2 secreting IL-10, TGF-β, IL-4, IL-13 (Mariusz et al., 2011). Figures (12,13) (Cheent and Khakoo, 2011).
This shift is probably due to the impact of IL-10 secreted by T cells infiltrating infected liver (Abel et al., 2006).
On the other hand, there are experimental data hinting to the suppression of full cycle of HCV infection in human hepatocytes. It has been shown that when NK cells culture supernatants (SN) were added to HCV infected hepatocytes, this resulted in significantly lower concentrations of HCV RNA and protein as compared to control cells. This effect could be abolished by the antibody to IFN-γ. Supernatants treated hepatocytes produced high quantities of type I IFN and expressed IFN regulatory factors-3 and -7. The SN also enhanced signal transducer and activator of transcription (STAT-1 and -2), transcription factors crucial for IFN mediated antiviral activities (Wang et al., 2008).
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[bookmark: _Toc371492793]Figure (12):	Natural killer (NK) cells in acute hepatitis C virus (HCV) infection. NK cells are activated in the acute phase of HCV infection. Downregulation of major histocompatibility complex (MHC) class I on virus-infected hepatocytes may reduce the inhibitory signal to NK cells, shifting the balance towards NK cell activation. Dendritic cells (DCs) engage with NK cells via the NKp30 receptor, and produce cytokines which boost NK cell proliferation towards an ‘NK1’ phenotype. Activated NK1 cells produce cytokines such as interferon γ (IFN- γ) and tumour necrosis factor α (TNFα) which suppress HCV replication, reciprocally activate DCs, and prime naive CD4 T cells inducing a T-helper (Th)-1 response.IL, interleukin (Cheent and Khakoo, 2011).
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[bookmark: _Toc371492794]Figure (13):	Natural killer (NK) cells in chronic hepatitis C virus (HCV) infection. In chronic HCV infection, changes occur in NK cell frequency, phenotype and function associated with chronic stimulation by interferon α (IFNα). HCV core-encoded peptides upregulate HLA-E, binding to the inhibitory receptor CD94:NKG2A and there is skewing of the NK cell cytokine profile towards the immunoregulatory cytokines IL-10 and transforming growth factor β (TGFβ). These NK2 cytokines influence DC and T cell function, leading to further production of immunoregulatory cytokines and generation of a T-helper (Th)-2 response. Upregulation of NK cell tumour necrosis factor-related apoptosis-inducing ligand (TRAIL) contributes to liver injury while increased TGFβ and attenuated IFN γ production promotes activation of hepatic stellate cells (HSCs) leading to fibrosis. Regulatory T cells (Treg) may suppress the tumour surveillance function of NK cells, increasing the risk of hepatocellular carcinoma. DC dendritic cell (Cheent and Khakoo, 2011).

In fact, several observations support the contention that places the NK cell as the primary target. NK cell activity can be directly inhibited by recombinant HCV envelope protein. While binding of HCV E2 to its receptor CD81 directly inhibits NK cell activity, the same interaction activates both T and B cells. This suggests that inhibition of NK cells early in infection would allow the virus time to establish a replicative advantage prior to the induction of specific immune responses, and that later in the immune response, other immune-inhibitory mechanisms directed against T cells might overcome the E2:CD81 activation. However, CD81 is a potent costimulator of both B and T cells, so why is this mechanism conserved unless inhibition of NK cells is the more critical factor for viral survival? The key may lie in the immune regulatory role played by NK cells. Inhibition of NK cells early in infection would also disrupt NK:DC cross-talk, resulting in impaired DC priming and Th1 CD4+cell induction and CD8+ CTL development. Continued inhibition of NK cells would ensure that in the majority of cases DC maturation processes would be defective and T cell responses would never achieve the efficacy required to clear the virus even in the presence of the CD81 costimulatory signal (Zingoni et al., 2005).
Cytokines, in particular IFN-α, IL-12 and IL-15 play a key role in the cross-talk between DCs and NK cells. NK cells are acutely sensitive to activation by IFN-αand the efficacy of IFN-α in the treatment of chronic HCV may be related to the effect of this cytokine on NK cells, particularly in light of emerging data that antiviral therapy has little effect on HCV-specific T cell respones. NK cells are sensitive to IFN-α and it augments NK-mediated cell lysis, an effect not demonstrated for CTLs under the same conditions (Kaplan et al., 2005).
Interleukin-15, a known NK cell stimulating factor, is dramatically less effective than IL-15 stimulated DCs for activation of cytolytic and IFN-γ properties of NK cells. It is suggested that a defect in IL-15 production may be a factor contributing to HCV persistence. IL-15 plays a wide role in the immune system but is thought to be of particular importance in the activation of innate and tissue-associated immune responses. It promotes the activation, proliferation, and survival of NK as well as CD8 memory T cells (Polyak, 2003).
Downstream consequences of NK cell inhibition would include suboptimal T cell responses via disruption of NK: DC interactions (Figure 14). While it is proposed that inhibition of NK cell activity represents a primary target of HCV-induced immune evasion strategies, it cannot be suggested that it is the only mechanism used by HCV to ensure survival. In the absence of sufficient NK cell inhibition, other immune evasion strategies may be ineffective and this may explain why some individuals spontaneously clear HCV (Golden-Mason and Rosen, 2006). 

[image: ]
[bookmark: _Toc371492795]Figure (14):	IL-15 play a key role in the cross-talk between DCs and NK cells. As NK cells are acutely sensitive to activation by IFN-α, HCV-induced inhibition of IFN signaling impacts on NK cell activity. A defect in IL-15 production or availability may be a factor contributing to NK cell inhibition. Downstream consequences of NK cell inhibition would include suboptimal T cell responses via disruption of NK:DC interactions (Golden-Mason and Rosen, 2006).
-	Reactivity of NK Cells in the Course of Antiviral Therapy of Hepatitis C:
Standard therapies with IFN-α and ribavirin appears to modify the number and function of NK cells in HCV infected patients. IFN-α is known to increase cytotoxicity of NK cells. Studies from Australia and Egypt have shown that the antiviral therapy increased proportions of CD56 bright NK cells, while declined slightly CD56dim ones (Fathy et al., 2010 and Lee et al., 2010). 
The CD56dim cells manifested a lower expression of CD16 and perforin. The authors concluded that this may be advantageous to the patient, because an increased secretion of IFN-γ by CD56 bright NK has an antiviral effect, while down-regulation of cytotoxic properties of CD56dim cells prevented or limited damage of hepatocytes (Lee et al., 2010).
In a study of children with chronic hepatitis C, after antiviral therapy lasted 48 weeks a significant fall of white blood cell count and in particular, effector cells with cytotoxic potential, including NK cells has been observed (Mozer-Lisewska et al., 2007).
One of the effects of IFN-α therapy in chronic hepatitis C is the induction of TRAIl on NK cells. Stegmann et al. (2010) have demonstrated that patients who responded to pegylated- IFN-α therapy had higher levels of TRAIL on CD56dim cells than those who did not. There was a reverse correlation between TRAIL and viral load. The TRAIL was also expressed on CD56 bright cells and this expression was significantly higher than on the cells from control subjects.
Thus, TRAIL appears to be an important marker linked to the response to antiviral therapy and in inducing apoptosis. However, TRAIL appears to be partly responsible for the injury of the liver as manifested by various types of necrosis seen by pathologists in liver sections. Some NK cell receptors appear to have predictive value for response to antiviral therapy. For example, high numbers of CD56- NK cells are associated with poor response. These cells are known to have low expression of IFN-γ, TNF-α and poor CD107a degranulation, the latter corresponding to cell cytotoxicity (Gonzalez et al., 2009).
It has been shown that the absence of KIR2DS2 and KIR2DL2 on NK and NKT cells was associated with poor response to antiviral therapy pegulated INF/Ribavirin (Peg/RBV) in patients with recurrent chronic hepatitis C after liver transplantation (Askar et al., 2009).
The difference in response between patients who had the cells expressing the above mentioned receptors and the patients, who did not, was highly significant. This suggests that the determination of KIR expression on NK cells prior to the onset of the therapy may be of value in the planning of treatment strategy. There are data suggesting that activation status of NK cells shows correlations with the intensity of the liver inflammatory process. Oliviero et al. (2009) have demonstrated inverse correlation of NK cell NKGD2 expression with alanine aminotransferase (ALT) activity.
 


Natural Killer Group 2 
member D Receptor 
Introduction:
NKG2D is an activating immunoreceptor, first recognized on NK cells but subsequently found on γδT cells, CD8+ αβ T cells and macrophages. In NK cells, inhibitory signals generally dominate over activating signals. However, activating signals mediated through engagement of NKG2D by its ligands on target cells can bypass signals transmitted through inhibitory NK receptors, allowing NKG2D to function as a “master-switch” in determining the activation status of NK cells. NKG2D is important for T cell and NK cell-mediated immunity to viruses and tumours, and has roles in autoimmune disease, allogeneic transplantation, and xenotransplantation. Depending upon the situation, development of strategies to either block or to enhance the interactions between NKG2D and its ligands may have important implications for human health and disease (Obeidy and Sharland, 2009).
The immune system uses several complementary strategies to recognise cells which have been infected by viruses or have undergone malignant transformation. Cytotoxic T lymphocytes recognize viral peptides presented by self-MHC class I, but many viruses have evolved ways to subvert T cell recognition by downregulating MHC expression at the cell surface. NK cells do not recognise specific peptides, instead using alternative mechanisms to distinguish between healthy and abnormal cells (Vivier and Romagne, 2007). In general, NK cell effector functions are regulated by the balance between inhibitory and activating signals received by the cell.The principal inhibitory ligands for NK cells are self-MHC class I molecules, and reduced or absent expression of self-MHC on target cells (“missing-self”) can trigger NK cell cytotoxicity (Moretta et al., 2002). In addition, expression of the ligands for activating NK receptors, such as occurs under conditions of cellular stress, renders cells susceptible to NK cell-mediated killing (Vivier and Romagne, 2007).
NKG2D structure:
In humans, NKG2D is encoded within the NK gene complex on chromosome 12 (Obeidy and Sharland, 2009). Like other members of the NKG2 family, NKG2D is a type II transmembrane glycoprotein, containing C-type lectin-like NK receptor domains (Eagle and Trowsdale, 2007). Human NKG2D displays only limited sequence homology to other NKG2 family members (20–30%), and unlike them, forms homodimers (Raulet, 2003). The NKG2D monomer comprises two sheets, two helices and four disulfide bonds, and contains a newly identified strand that distinguishes it from other C-type-lectin receptors (Mistry and O’Callaghan, 2007). At the cell membrane, homodimeric NKG2D associates with the adaptor molecule DAP10, which stabilises its surface expression (Ogasawara and Lanier, 2005). DAP10 recruits other molecules which are critical for the downstream signalling pathway (Upshaw et al., 2006). Although NKG2D is dissimilar to other members of the NKG2 gene family, it is highly conserved between species, sharing 70% amino acid identity between the human and mouse (Raulet, 2003).Figure (15) (Sharland et al., 2009).
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[bookmark: _Toc371492796]Figure (15):	NKG2D is encoded within the NK gene complex (NKC). Other members of the NKG2 family associate with CD94 to form heterodimers. NKG2D shares little sequence similarity with the other family members, and exists at the cell surface as a homodimer, in association with the adaptor molecule DAP-10 (Obeidy and Sharland, 2009).
NKG2D ligands structure:
NKG2D ligands in humans are grouped into two families: the MHC class I polypeptide related sequence A (MICA), B (MICB) and the cytomegalovirus UL16-binding protein (ULBP) family. All these molecules are distant HLA class I homologues, which neither bind peptide, nor associate with β2-microglobulin. Ligands from the different families share little sequence similarity, and MIC-family ligands are highly polymorphic (Bahram et al., 2005). NKG2D-ligand diversity may facilitate detection of the presence of a broad range of viruses, and provides protection against rapidly evolving cancers. However, NKG2D ligands are not all functionally equivalent and can have unique tissue-specific roles. MIC genes are located within the MHC class I region of chromosome 6. Seven MIC loci exist, of which only MICA and MICB encode expressed transcripts (Eagle and Trowsdale, 2007). MIC proteins, like classical HLA class I heavy chains, comprise three extracellular domains (α1-3), a transmembrane region and a cytoplasmic tail. There are no rodent homologues of the human MIC proteins (Obeidy and Sharland, 2009).The ULBPs were named for their ability to bind the human cytomegalovirus UL16 protein. These proteins show sequence homology to the mouse retinoic acid early 1 (RAE-1) proteins, and are also known as the retinoic acid early transcript 1 (RAET1) family. Only five of 10 members of the human ULBP gene family encode functional proteins (Mistry and O’Callaghan, 2007).
Receptor-Ligand Binding Structure:
Several theories have been proposed to explain why the NKG2D ligands, which have little homology with each other, can all bind with relatively high affinity to NKG2D. This receptor does not seem to undergo marked conformational changes to accommodate different ligands. Structural and binding studies suggest that while significant differences in affinities exist, the different ligands bind to similar surface areas on the same region of NKG2D because the ligands compete with each other for receptor binding (Mistry and O’Callaghan, 2007).
NKG2D and its ligand Activation and Expression:
NKG2D was originally identified in 1991, as a key activating receptor on all NK cells (Ogasawara and Lanier, 2005). It was subsequently reported on activated and memory CD8+ TCR-αβ T cells, a proportion (25%) of splenic TCR-αβT cells, and on murine macrophages (Mistry and O’Callaghan, 2007).
NKG2D ligands are generally absent in normal adult cells. In healthy humans, only gastrointestinal epithelial cells express MICA and MICB, possibly due to contact of these cells with intestinal microbes (Eagle and Trowsdale, 2007). The expression of NKG2D ligands is induced or upregulated primarily in tissues of epithelial origin, as a result of cellular stresses such as viral infection, malignant transformation or classical heat shock (Raulet, 2003). NKG2D ligand upregulation has been reported during ischaemia reperfusion injury and/or acute rejection in humans and pigs (Tran et al., 2008). The aberrant expression of NKG2D ligands has also been linked with autoimmune diseases, including rheumatoid arthritis, coeliac disease and autoimmune diabetes. Upregulation of MICA expression is thought to be mediated by the consensus heat shock elements identified in the promotors of MIC genes (Eagle and Trowsdale, 2007).
TLR4 engagement by LPS has been reported to upregulate the cell-surface expression of the mouse ligand RAE-1 on peritoneal macrophages (Hamerman et al., 2004). Some studies provide evidence that the ULBPs are expressed in some healthy tissues at the mRNA level. However, mRNA transcription of these ligands does not necessarily correlate with protein expression, and the ligands were not detected on the cell surface (Cosman et al., 2001).


NKG2D Signal Transduction:
Individual NK cells express multiple different activating and inhibitory receptors. Most of the activating receptors include immunoreceptor tyrosine-based activation motifs (ITAMs) in their intracellular signalling domains. Following ligation of activating receptors, src (sarcoma) family tyrosine kinases phosphorylate the ITAMs, leading to activation of Syk family tyrosine kinases (Moretta et al., 2002). This triggers activation of cytotoxic, proliferative and/or secretory responses (Watzl, 2003). In contrast, the cytoplasmic domains of inhibitory receptors contain immunoreceptor tyrosine-based inhibitory motifs (ITIMs). Inhibitory receptor engagement is also followed by src activation, but in this instance, phosphorylation of ITIMs leads to the recruitment of the phosphatases SHP-1(Anti-Src Homology Phosphatase-1) and SHP- 2(Anti-Src Homology Phosphatase-2), and inhibition of the downstream activation signalling cascade (Moretta et al., 2002).
NKG2D does not possess signalling elements in its cytoplasmic tail, but associates at the cell membrane with the signalling adaptor molecule DAP-10 (Ogasawara and Lanier, 2005). Upon engagement Of NKG2D, DAP-10 is phosphorylated by src-family kinases. Distinct from signalling through ITAM-containing receptors, NKG2D-mediated activation proceeds independently of Syk (Spleen tyrosine kinase) activation (Upshawet al., 2006). Inhibition of NK cell functions is generally dominant over activation, an important safety mechanism for avoiding autoimmunity (Moretta et al., 2002). However, activating signals generated through recognition of NKG2D ligands can bypass signals transmitted through inhibitory NK receptors, presumably because NKG2D signalling is unaffected by SHP phosphatases (Watzl, 2003). Figure (16) (Obeidy and Sharland, 2009). 
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[bookmark: _Toc371492797]Figure (16):	NK cell recognition of target cells (a) Normal target cells express self-MHC class I molecules in sufficient quantities to engage inhibitory NK cell receptors. The cells may also express low levels of activating ligands, but provided that they are not ligands for NKG2D, the cell is protected from lysis. (b) Reduction or absence of inhibitory MHC class I ligands renders the cell susceptible NK cell-mediated cytotoxicity. (c) Expression of ligands able to engage NKG2D results in target cell killing, even if a normal complement of inhibitory ligands is also present on the cell surface (Obeidy and Sharland, 2009).
NKG2D Expression on Natural Killer in HCV Patients:
The NKG2D activating receptor is constitutively expressed on human NK and CD8 T cells (Sène et al., 2010). Its ligands, the MHC class I chain-related A and B proteins (MICA and MICB) and UL-16 binding proteins (ULBP1–4), are almost undetectable in normal tissues, but are induced on the cell surface by various stresses such as DNA damage, tumor transformation and intracellular infection. The importance of the NKG2D defense system is highlighted by the observation that tumors and viruses have developed several mechanisms for evading NKG2D-mediated recognition (Stern-Ginossar et al., 2007). The overall contribution of the NKG2D pathway in the control of HCV infection is unclear.It has been shown that NKG2D is downmodulated on circulating NK cells, and consequently NK cells are functionally impaired. This defect is mediated by the HCV-NS5A protein, which disturbs the equilibrium between pro- and anti-inflammatory monocyte derived cytokines (Oliviero et al., 2009).
NKG2D expression is decreased on circulating NK cells during chronic HCV infection, MIC proteins are induced at the cell surface upon exposure to various pathogens, serving as a warning signal that alerts NK cells to mediate effector functions through NKG2D signaling (Lempicki et al., 2009). 
Sène et al. (2010) observed that NS5A protein induces TGFβ production by monocytes, which in turn affects NKG2D expression and inhibits NK cell functions.
Interleukin-15 can antagonize the TGFβ-mediated modulation of NKG2D and NK cell functions, in contrast with TGFβ, IL-15 up-regulates surface NKG2D expression (Meresse et al., 2004). Because of the reciprocal antagonism of IL-15 and TGFβ on intracellular signaling pathways, it has been investigated if decreased NKG2D expression on circulating NK cells from HCV patients might be amplified by a resistance of NK cells to endogenous IL-15 due to TGFβ or by a defective production of IL-15 in response to infection (Benahmed et al., 2007). In a study, Peripheral blood mononuclear cells (PBMCs) from healthy controls or HCV patients were pretreated with IL-15 for 24 hours after which NKG2D staining was performed. IL-15 restored NKG2D expression on patients’ NK cells at levels similar to those usually observed in controls, indicating that NK cells from HCV patients were normally responsive to IL-15. Moreover, IL-15 fully antagonized the NS5A-induced down modulation of NKG2D on NK cells; even in the presence of TGFβ-containing serum. Furthermore, both NK cells from HCV patients and TGFβ-stimulated control NK cells exhibited a significant enhancement of cytotoxicity upon IL-15 stimulation. Given that pathogen components are among the stimuli that elicit production of IL-15, one could expect elevated levels of IL-15 in the serum of chronic HCV patients. It must be noted, however, that IL-15 is mostly present in membrane-bound IL-15/IL-15Ra complexes (Sandau et al., 2004), so that free IL-15 is unlikely to represent a reliable marker of systemic IL-15 production. Altogether, these data suggest that overexpression of TGFβ contributes to the reduction of NKG2D and defective functions of circulating NK cells in HCV patients, a defect which can be antagonized by exogenous IL-15 (Sène et al., 2010).
NKG2D and its Ligands: Key to Immunotherapy of Liver Cancer:
NKG2D is a fundamental activating receptor belonging to the C-type lectin-like family which is constitutively expressed on NK cells, most NKT cells, some γδT and CD8 T cells (Nausch and Cerwenka, 2008) and unlike other NKG2 receptors, does not associate with CD94. The seemingly invariant activating receptor NKG2D promiscuously binds to multiple ligands such as major histocompatibility complex class I-related chain A and B (MICA/ B) and the unique long 16 (UL16)-binding protein family (ULBPs) that are poorly, if at all expressed on healthy cells but they are up-regulated by stress, viral infection or DNA damage (Champsaur and Lanier, 2010).
Upregulation of these ligands may tip the balance of NK cells from inhibition to activation (‘‘induced self’’ recognition) with obvious biological implications. One of the major NKG2D ligands, ULBP1, was not expressed on poorly differentiated human HCC tissue and on a similarly poorly differentiated HCC cell line, whereas it was abundantly expressed on dysplastic nodules and well to moderately differentiated HCC. Moreover, loss of ULBP1 expression was not related to reduced mRNA expression suggesting that post transcriptional events were responsible for it. Indeed, evidence in support of this hypothesis came from proteasome inhibition experiments which resulted in up regulation of ULBP1. More importantly, recurrence-free survival, even though not the overall survival, was significantly shorter in patients with ULBP1-negative tumours and loss of ULBP1 was an independent predictor of early recurrence. These findings provide corroborative evidence in favour of a role of NK cells and, more specifically of the NKG2D receptor pathway, in liver cancer immune surveillance. A complex interplay between NKG2D and its ligands may be involved in the natural history and response to treatment in a variety of cancers, including HCC (Mario and Mondelli, 2012). However, although NKG2D ligand expression on cancer cells is generally associated with indolent disease progression and prolonged survival in several types of tumour (McGilvray et al., 2009), increased ligand shedding may be one mechanism responsible for NKG2D down-regulation, decreased cytotoxic potential and tumour progression, at least when soluble MICA is released in excess by neoplastic cells, as shown in some oncological settings including HCC (Coudert et al., 2005). Alternatively, down-regulation of ligands such as ULBP1 may prevent effective NKG2D killing and promote cancer recurrence, Figure (17) (Mario and Mondelli, 2012).
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[bookmark: _Toc371492798]Figure (17):	Mechanisms of inhibition of NK cell killing of tumour cells via the NKG2D receptor/ligand(s) pathway. Inhibition can occur by down-regulation of ligand(s) on target cells or by down-modulation of NKG2D on effector cells via shed ligand(s) (Mario and Mondelli et al., 2012).
An additional aspect of the potential importance of the subversion of the NKG2D functional pathway pertains to HCV infection which is responsible for cirrhosis and HCC in the majority of patients. Indeed, it has been shown that the HCV NS5A protein stimulates the production of IL-10 which in turn triggers the secretion of TGF-β that down-modulates NKG2D expression on NK cells (Sène et al., 2010).
This may have further impact on the subgroup of patients developing HCC in the context of a chronic HCV infection. Although NKG2D-ligand interaction appears to be an important pathway of cancer control mediated by NK cells, the expression of several other ligands of activating and inhibitory NK receptors may also play a role in controlling liver carcinogenesis. For the former, DNAX accessory molecule 1 (DNAM-1), which has been shown to play a role together with NKG2D in NK killing of Ewing’s sarcoma cells has been acknowledged to potentially be involved in HCC (Verhoeven et al., 2008). Also, it would be naive to ignore the role of other activating receptors such as NKp30, NKp44, and NKp46, although their ligands are far less defined than those of NKG2D (Mondelli et al., 2010).
Furthermore, the role of HLA/killer immunoglobulin-like inhibitory receptors (KIR) match, has been largely overlooked. To this end, it may be inferred that individuals homozygous for weak KIR-ligand combinations are more likely to counteract proliferation of HCC, since NK cell inhibition is more easily overcome in patients with weak KIR-ligand binding, allowing more effective lysis of tumour cells. It is now time that immunotherapy of liver cancer be rescued from neglect or experimental stage in animal models. Growing evidence indicate that manipulation of innate immune responses could be a viable option and one possibility would be to activate NK cells ex vivo to upregulate NKG2D (or other activating receptors), to induce ligand expression on tumour tissue in vivo, or both.Infusion of activated allogeneic NK cells, which do not require identification of tumour antigens, antigen priming, or vaccination strategies and do not cause graft versus host disease, should be considered for proof-of-concept studies of HCC immunotherapy (Hallett et al., 2008).
This may represent a valid application of adjuvant immunotherapy for patients treated with locoregional ablative therapies or with chemotherapeutic agents able to sensitize HCC cells to NK lysis. To this end, sorafenib (sorafenib is kinase inhibitor dug used to treat advanced renal cell carcinoma also used to treat unresectable hepatocellular carcinoma. It works by slowing the spread of cancer cells) has been shown to reduce MICA shedding, which inhibits NKG2D-mediated killing (Kohga et al., 2010).
 Review of Literature
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I.	 Subjects: 
The present study was conducted on sixty individuals divided into two groups:
· First group: Fourty (40) previously diagnosed chronic hepatitis C patients enrolled from Ain Shams University Internal Medicine Hospital and Nasr City Police Hospital. Their age range was 32-45 years (mean±SD; 36.5± 3.36).They were 21 males and 19 females.
Inclusion criteria:
· Abnormal liver function tests. 
· Reactive ELISA HCV antibody test. 
· Positive HCV RNA by Real Time-PCR.
Exclusion criteria: 
· Positivity for HBsAg by ELISA.
· Current treatment by Interferon or recent stoppage of IFN therapy for a period less than 6 months.
· Presence of other inflammatory or infectious diseases.
· Second group: Twenty (20) healthy age and sex matched controls enrolled from healthy medical personnel working in both hospitals. Their age ranged between 33-40 years (mean±SD; 36.3± 2.13).They were 11 males and 9 females. 

Furthermore, Patients' group was subdivided according to levels of viremia into 3 subgroups:
· Mild viremia (viral load < 100.000 IU/ml) subgroup which included 19 patients; 10 males and 9 females. Their ages ranged between 32-45 years (mean±SD; 36.26±2.94).
· Moderate viremia (viral load 100.000- 1.000.000 IU/ml) subgroup which included 7 patients; 4 males and 3 females. Their ages were 33-44 years (mean±SD; 37.4± 397). 
· Marked viremia (viral load > 1.000.000 IU/ml) subgroup which included 14 patients; 7 males and 7 females. Their ages range was 32-43 years (mean±SD; 36.5 ±3.77).
II. Sampling:
Eight milliliters of fresh venous blood was withdrawn from all patients and controls and divided as follow:
· Three milliliters was put in a plain sterile tube and left to clot. Samples were centrifuged; serum was separated and used for detection of HCV RNA and HCV antibody and assessment of liver function tests. 
· Two milliliters was put in a citrated tube for Prothrombin time (PT) assay (Vacuette®).
· The rest three milliliters was for Peripheral blood mononuclear cell (PBMC) separation. 


II. Methods:
Individuals under study were subjected to the following:
1)	Full history taking & clinical examination.
2)	Abdominal ultrasonography (for patients only).
3)	Liver function tests including serum total and direct bilirubin, serum albumin, AST and ALT levels (Olympus AU400 clinical chemistry analyzer, Japan) as well as PT (Sysmex CA 1500, Germany).
4)	Detection of HCV antibody using a commercially available ELISA kits (Innogenetics ETI-ANTI-HCV).
5)	Detection of HCV RNA by reverse transcriptase polymerase chain reaction (RT-PCR) performed on Mx3000PTM Real-Time PCR System (Stratagene®, USA) (For patients only).
6)	Flowcytometric assessment of NKG2D receptor on NK cells and T lymphocytes, which included 3 steps:
i. Peripheral blood mononuclear cell separation.
ii. Monoclonal antibody cell staining.
iii. Flowcytometric characterization of cellular staining. 
i. Peripheral blood mononuclear cells (PBMCs) separation:
a) Three milliliters of fresh venous blood was drawn into Heparin containing tubes from all individuals under complete aseptic conditions. Samples were then transported to the laboratory to be directly processed and assayed by Flowcytometry.
b) PBMCs were separated from granulocytes, erythrocytes, and platelets using Ficoll-Hypaque (Lonza®) gradient Method. Three ml blood was layered over 1.5ml of Ficoll. After centrifugation at 1500 rpm for 20 minutes, PBMCs layer was transferred to a new plain tube and washed two times with phosphate buffered saline (PBS) (Lonza®) at 3000 rpm for 10 minutes each time. Cell pellets were resuspended in 1 ml FACS buffer (Fluorescence-Activated Cell Sorting). 
c) Cells were counted and assessed for viability by trypan blue on haemocytometer. 
Cell Number = Counted cells x 10000 x 2 (dilution of sample) x sample volume.
Cell counts were adjusted at 2 x 106/ml and viability ranged between 90-95%.
ii. Monoclonal antibody cell staining:
Two wells were set for each individual included in the study, a test well and an isotype control well.
a)	In the test well, 2 μl Anti-CD3 phycoerythrin (PE) (Yellow) (Beckman Coulter®), 10 μl Anti-CD56 peridinin chlorophyll protein (PerCP) (Red) (Abcam®) & 2 μl Anti NKG2D Fluorescine isothiocynate (FITC) (Green) (Abcam®) were added to 50 μl of FACS buffer containing 105 cells, meanwhile, in the isotype control well, 1 μl FITC isotype gamma 1 was added.
b)	The samples were incubated for 20 min at 4 Cº. 
c)	One hundred and fifty μl of FACS buffer was added to the incubated samples.
d)	The samples were centrifuged at 1500 rpm for 2 minutes then the supernatant was discarded.
e)	The samples were washed one time by PBS at 1500 rpm for 2 minutes.
f)	Samples were then suspended in 200 μl PBS then plate was introduced into the flowcytometer for analysis.
iii. Characterization of cellular staining:
Acquisition of stained cells was done by GUAVA EASY cyte 96-4 color flowcytometry (Millipore®) to get the percent of stained & non stained cells. 
First, lymphocytes were gated according to forward and side scatter criteria. The selected lymphocytes were then assessed for CD3 expression. For assessment of NKG2D+ NK cells, the CD3- cell gate was further examined for CD56 expression where CD3- CD56+ cell population was gated. The last gate was subsequently examined for NKG2D expression. Similar steps were done to asses NKG2D+ T cells but on CD3+ cell gate, selecting at first the CD3+ CD56- population followed by gating NKG2D+ cells from the last gate.Figure (16). 
Results were interpreted by Flowjo software (Version 7.6, Tree Star Inc.) which is a software package for analyzing flow cytometry data to collect the percent of CD3 -, CD56+ & NKG2D + NK cells out of total NK cells and CD3+, CD56- & NKG2D+ lymphocytes out of total lymphocytes.
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Statistical Methodology:
The data were coded, entered and analyzed using Statistical Package for Special Sciences (SPSS) software computer program version “PASW 17.0, SPSS Inc, Chicago”.
Statistical tests used in the study are:
1) Description of quantitative variable as mean, median SD and range.
2) Description of qualitative variable as number and percentage.
3) Wilcoxon rank test was used for comparison of two groups for non parametric data (SD>50% mean).
4) Kruskall Wallis test was used to compare more than two groups as regards quantitative variables instead of ANOVA in non parametric data (SD>50% mean).
5) Spearman Correlation coefficient test was used to rank different variables against each others positively or inversely.
Significance level (p) was expressed as follows:
· p > 0.05 is non-significant (NS)
· p < 0.05 is significant (S)
· p < 0.01 is highly significant (HS).
 Subjects and Methods
· 

[bookmark: _Toc371492799]Figure (18):	Gating strategy of NKG2D+ NK cells and T lymphocytes; Histogram (1): Gating of lymphocytes according to forward and side scatter criteria. Histogram (2): Gating of CD3+ and CD3- cells versus side scatter. Histogram (3): Gating of CD3- CD56+ cells (NK cells). Histogram (4): Gating of NKG2D+ NK cells (CD3- CD56+ NKG2D+ NK cells) representing 93.4% of NK cells in the selected patient sample. Histogram (5): Gating of CD3+CD56- cells (T cells). Histogram (6): Gating of NKG2D+ T cells (CD3+CD56- NKG2D+ cells) representing 94.9% of T cells in the selected example; yellow fluorescence: anti CD3 PE, red fluorescence: anti CD56 PerCp, green fluorescence: anti NKG2D FITC.

[bookmark: _Toc371492098]Results
T
he present study was conducted on fourty patients enrolled from Ain Shams University Internal Medicine Hospital and Nasr City Police Hospital, in addition to twenty age and sex matched healthy individuals as a control group.
Patients' group included 21 males and 19 females with age ranged between 32-45 years (mean ±SD; 36.5±3.36). Meanwhile, controls included 11 males and 9 females with their age ranged between 33-40 years (mean ±SD; 36.3± 2.13).
Furthermore, patients' group was subdivided according to level of viremia into 3 subgroups; mild, moderate and severe viremia subgroups, which included 19, 7 and 14 patients, respectively.
· Descriptive data of controls and cases as regards liver function tests and quantitative HCV RNA by real time PCR is shown in table (1).
· Descriptive data of NKG2D+ NK cells (CD3-, CD56+, NKG2D+) and NKG2D+ T lymphocytes (CD3+, CD56-, NKG2D+) in controls and cases is shown in table (2).
· Descriptive data of viremia subgroups as regards the two studied cell populations is shown in table (3).

[bookmark: _Toc371492664]Table (1):	Descriptive data of control and case groups as regards liver function tests and viral load.
	
	Controls (N=20)

	
	Mean
	Median
	SD
	Min.
	Max.
	Percentiles

	
	
	
	
	
	
	25th
	75th

	AST(IU/ml)
	19.2
	17.5
	6.6854
	10
	33
	14
	24.5

	ALT (IU/ml)
	19.15
	18.5
	5.324
	11
	29
	15
	22

	T.BIL(mg/dl)
	0.772
	0.765
	0.32863
	0.12
	1.3
	0.5
	1.075

	D.BIL(mg/dl)
	0.154
	0.15
	0.08828
	0.02
	0.3
	0.1
	0.2

	
	Cases (N=40)

	
	Mean
	Median
	SD
	Min.
	Max.
	Percentiles

	
	
	
	
	
	
	25th
	75th

	AST(IU/ml)
	34.125
	30
	18.2014
	10
	105
	20.75
	43.75

	ALT(IU/ml)
	40.45
	32
	26.3244
	11
	139
	26
	44.25

	T.BIL(mg/dl)
	1.0583
	1.05
	0.53762
	0.3
	2.6
	0.6575
	1.2925

	D.BIL(mg/dl)
	0.353
	0.2
	0.3658
	0.01
	1.6
	0.12
	0.5

	PCR(IU/ml)
	876718.9
	131000
	1611302
	165
	7110000
	27050
	795750







[bookmark: _Toc371492665]Table (2):	Descriptive data of control and case groups as regards the studied cell populations.
	Cell populations
	Controls(N=20)

	
	Mean
	Median
	SD
	Min.
	Max.
	Percentiles

	
	
	
	
	
	
	25th
	75th

	NKG2D+ NK cells (%)
	83.75
	93.65
	20.6
	39.7
	99.4
	65.57
	99

	NKG2D+ T lymphocytes (%)
	84.4
	95.6
	22.3
	25.4
	99.9
	77.2
	99.5

	

	Cases(N=40)

	
	Mean
	Median
	SD
	Min.
	Max.
	Percentiles

	
	
	
	
	
	
	25th
	75th

	NKG2D+ NK cells (%)
	71.9
	75.76
	23.63
	0.71
	98.2
	56.99
	71.8

	NKG2D+ T lymphocytes (%)
	76.6
	81.6
	22.2
	9.54
	99
	91.3
	92.9








[bookmark: _Toc371492666]Table (3):	Descriptive data of viremia subgroups as regards NKG2D+ NK cells and NKG2D+ T lymphocytes.
	
	Low(N=19)

	
	Mean
	Median
	SD
	Min.
	Max.
	Percentiles

	
	
	
	
	
	
	25th
	75th

	NKG2D+ NK cells (%)
	72.81
	74.8
	24.45
	0.72
	98.2
	57
	94.3

	NKG2D+ T lymphocytes (%)
	77.1
	80.2
	21.71
	9.54
	98.3
	71.8
	92.9

	
	Moderate(N=7)

	
	Mean
	Median
	SD
	Min.
	Max.
	Percentiles

	
	
	
	
	
	
	25th
	75th

	NKG2D+ NK cells (%)
	74.73
	74.55
	18.26
	42.6
	97.22
	56.38
	91.76

	NKG2D+ T lymphocytes (%)
	78.7
	82.9
	18.8
	30.1
	99
	71.15
	93.42

	
	Marked (N=14)

	
	Mean
	Median
	SD
	Min.
	Max.
	Percentiles

	
	
	25th
	75th

	NKG2D+ NK cells (%)
	64
	76.73
	32
	15.2
	97.3
	23.6
	87.7

	NKG2D+ T lymphocytes (%)
	71.24
	81.7
	31.3
	20.6
	98.2
	32.5
	94


On comparing case and control groups as regard the two studied cell populations, significant differences were obtained between both groups as regards NK cells as well as T lymphocytes expressing NKG2D receptors with patients' group having lower levels than controls, table (4), figure (19).
[bookmark: _Toc371492667]Table (4):	Statistical comparison between cases and controls regarding proportions of NKG2D+NK cells and NKG2D+ T lymphocytes. 
	
	Control (N=20)
	Case (N=40)
	Z*
	P
	Sig.

	
	Mean
	Median
	Percentiles
	Mean
	Median
	Percentiles
	

	
	
	
	25th
	75th
	
	
	25th
	75th
	

	NKG2D+ NK cells (%)
	83.75
	93.65
	65.57
	99
	71.9
	75.76
	56.99
	71.8
	-2.46
	0.014
	S

	NKG2D+ T lymphocytes (%)
	84.4
	95.6
	77.2
	99.5
	76.6
	81.6
	91.3
	92.9
	-2.48
	0.013
	S


*Wilcoxon signed rank test for comparison of two groups for non- parametric data.

[bookmark: _Toc371492800]Figure (19):	Comparison between Patients and controls as regards % of NKG2D+ NK cells and % of NKG2D+ T lymphocytes.

Statistical comparison carried out between viremia subgroups; as regards the laboratory parameters; has revealed no significant difference (P> 0.05) apart from direct bilirubin between the three subgroups (P<0.05) (Table 5).
[bookmark: _Toc371492668]Table (5):	Comparison between the three viremia subgroups as regards lab parameters.
	
	Low viremia (N=19)
	 Moderate viremia (N=7)
	Marked viremia (N=14)
	

	
	Median
	Percentiles
	Median
	Percentiles
	Median
	Percentiles
	H*
	P
	Sig.

	
	
	25th
	75th
	
	25th
	75th
	
	25th
	75th
	
	
	

	AST
(IU/ml)
	34
	26
	40
	27
	18
	33
	28
	18.75
	46.5
	0.692
	0.7
	NS

	ALT
(IU/ml)
	32
	26
	45
	31
	23
	95
	34.5
	25.75
	41.25
	0.07
	0.9
	NS

	T.BIL
(mg/dl)
	0.74
	0.55
	1.3
	1.2
	1.17
	1.8
	1.05
	0.66
	1.2175
	4.537
	0.1
	NS

	D.BIL
(mg/dl)
	0.2
	0.11
	0.3
	0.65
	0.31
	0.9
	0.175
	0.1
	0.35
	7.2
	0.02
	S


*Kruskall Wallis test for comparison between more than 2 groups for non-parametric data.




Statistical comparison between the three viremia subgroups has shown no significant difference (P > 0.05) regarding NKG2D+ NK cells and T lymphocytes, table (6), figure (20). 
[bookmark: _Toc371492669]Table (6):	Statistical comparative study between viremia subgroups as regards the proportions of NKG2D+ NK cells and NKG2D+ T lymphocytes.
	

Cell populations
	Low viremia (N=19)
	Moderate viremia (N=7)
	Marked viremia (N=14)
		

	
	Median
	Percentiles
	Median
	Percentiles
	Median
	Percentiles
	H*
	P
	Sig.

	
	
	25th
	75th
	
	25th
	75th
	
	25th
	75th
	
	
	

	NKG2D+ NK cells (%)
	74.8
	57
	94.3
	74.7
	56.38
	91.6
	76.7
	23.6
	87.7
	0.3
	0.8
	NS

	NKG2D+ T lymphocytes (%)
	80.2
	71.8
	92.9
	82.8
	71.15
	93.4
	81.7
	32.5
	94
	0.86
	0.9
	NS


*Kruskall Wallis test for comparison between more than 2 groups for non-parametric data.



 
[bookmark: _Toc371492801]Figure (20):	Comparison between the three viremia subgroups as regards % of NKG2D+ NK cells and NKG2D+ T lymphocytes.
As shown in table (7), correlation studies of the two cell populations investigated versus different laboratory parameters among patients' group revealed statistically significant negative correlation between NKG2D+NK cells and serum direct bilirubin, figure (21). Meanwhile, serum albumin has shown significant positive correlation to NKG2D+T cells, figure (22). A highly significant positive correlation was also obtained between both cell populations studied, figure (23).


[bookmark: _Toc371492670]Table (7):	Statistical correlation of the NKG2D+NK and NKG2D+T cells versus different laboratory parameters in patients' group.
	T cell
	NK
	PT
	Viral load
	Alb
	D BIL
	TBIL
	ALT
	AST
	

	        Lab     
  parameters

     Cell
populations

	0.78
	_
	-0.029
	-0.064
	0.28
	-0.39
	-0.244
	-0.11
	0.188
	r
	NKG2D+ NK cells 

	0
	_
	0.86
	0.69
	0.074
	0.011
	0.12
	047
	0.24
	P
	

	S
	_
	NS
	NS
	NS
	S
	NS
	NS
	NS
	Sig.
	

	_
	_
	0.04
	-0.024
	0.35
	-0.25
	-0.07
	-0.078
	-0.117
	r
	NKG2D+ T lymphocytes 

	_
	_
	0.8
	0.88
	0.02
	0.11
	0.66
	0.63
	0.47
	P
	

	_
	_
	NS
	NS
	S
	NS
	NS
	NS
	NS
	Sig.
	


· Correlation was carried out by Spearman correlation test. Results were expressed in the form of correlation coefficient (r) and P-values. 

· Ranked Sperman correlation test was used to study the possible association between each two variables among each group for non-parameteric data. The probability of error at 0.05 was considered significant, while at 0.01 and 0.001 are highly significant.
[bookmark: _Toc371492802] Figure (21): Correlation between NKG2D+ NK cells and serum direct bilirubin.
[bookmark: _Toc371492803] Figure (22): Correlation between NKG2D+ T cells and serum albumin.
[bookmark: _Toc371492804] Figure (23): Correlation between NKG2D+ NK cells and NKG2D+ T cells.
 Results

[bookmark: _Toc371492099]Discussion
N
atural killer (NK) cells are part of the innate immune response against virus infection. Their activation is the net result of signals emanating from a panel of inhibitory and activating receptors, among which the NKG2D activating receptor plays a major role. NKG2D ligands, the MHC class I related Chain (MIC) molecules, are induced on HCVinfected hepatocytes.NKG2D is an activating immunoreceptor, first recognized on NK cells but subsequently found on γδT cells, CD8+ αβ T cells and macrophages.NKG2D is important for T cell and NK cell-mediated immunity to viruses and tumours, and has roles in autoimmune disease, allogeneic transplantation, and xenotransplantation. 
It has been demonstrated that the DNA damage response alerts the immune system by inducing expression of cell surface ligands for the activating immune receptor NKG2D, which is expressed by NK cells and some T cells. However, it is found that DNA damage response was activated but NKG2D ligands were downregulated upon HCV infection. Further studies showed that the protease NS3/4A of HCV, which had been shown to be related to immune invasion, contributed also to the reduced expression of NKG2D ligands (Chaoyang et al., 2008).

The present study aimed at investigating whether NKG2D expression on NK cells (CD3-CD56+NKG2D+) and on T lymphocytes (CD3+CD56-NKG2D+) is dysregulated in chronic hepatitis C virus infection. For this purpose, flow cytometric assessment of NKG2D expression on peripheral NK cells and T lymphocytes was carried up for 40 chronic hepatitis C patients in comparison to 20 healthy individuals.
Our study has shown significant decrease of percentage of NKG2D-expressing NK cells in chronic hepatitis C patients as compared with the control group. Other studies have shown reduced circulating proportions of NKG2D+ NK cells in HCV patients (Sène et al., 2010 and Alter et al., 2011). As a consequence, NK cell cytolytic and IFNγ-producing functions are impaired (Sène et al., 2010).
In addition, an early study by Chaoyang et al. (2008) has stated that decreased percentage of NKG2D-expressing NK cells are already observable at early stages of the HCV infection and are maintained throughout the chronic infection.
On the other hand, Oliviero et al. (2009) showed an increased proportion of NKG2D+NK cells in HCV patients compared with healthy controls. Such contrasting data may relate to genuine differences in NK cell phenotype studied, or technical issues such as sample preparation, cytokine stimulation or freezing. There is also substantial population diversity in both NK cell phenotype and function which may account for these conflicting findings, especially if the study populations are small (Cheent and Khakoo, 2011).
NKG2D ligand expression on cancer cells is generally associated with indolent disease progression and prolonged survival in several types of tumour. Increased ligand shedding may be one mechanism responsible for NKG2D down-regulation, decreased cytotoxic potential and tumour progression, at least when soluble MICA is released in excess by neoplastic cells, as shown in some oncological settings including HCC. Alternatively, down-regulation of ligands such as ULBP1 may prevent effective NKG2D killing and promote cancer recurrence. An additional aspect of the potential importance of the subversion of the NKG2D functional pathway pertains to chronic HCV infection which is responsible for cirrhosis and HCC in the majority of patients, specially as it has been shown that the HCV NS5A protein stimulates the production of IL-10 which in turn triggers the secretion of TGF-β that down-modulates NKG2D expression on NK cells (Sène et al., 2010).
Our study has recorded significant negative correlation between proportion of NKG2D+ NK cells and serum direct bilirubin. However, no significant correlation could be detected between NKG2D+ NK cells proportion and ALT, AST, total bilirubin, PT or viral load. Apart from direct bilirubin, these findings go in line with those of Sène et al. (2010). What was unexpected among these findings is the absence of any correlation between NKG2D+NK cells and viral load. This was additionally confirmed as we couldn’t find an association between both parameters on comparing the three viremia subgroups, which couldn’t demonstrate any significant difference as regards % of NKG2D+NK cells between the three subgroups. This could be attributed to the small number of patients studied in the present work. 
However, this point is still appealing and has to be reevaluated, specially if we could suppose, based on our above finding, that dysregulated expression of NKG2D receptors on NK cells could actually have a party among the host inefficient immune response which leads to failure of containment of the virus and to chronicity of the disease, or it might be a consequence of HCV infection which helps the virus to evade effective immune response. Both suggestions pose the question; is there any correlation between both parameters or not?
Also interesting was the fact that most of CD8+ T cells and a small subset of CD4+ T cells constitutively express NKG2D receptor (Spear et al., 2013). Ligation of NKG2D receptor to its ligand on NK cells induces cytotoxicity, whereas on T cells it costimulates TCR signaling. NKG2D signaling augments cytotoxic and proliferative responses of T cells on antigen encounter, this qualifying NKG2D as a T cell costimulatory molecule (Michael et al., 2003). To address the role of NKG2D+ T cells in chronic HCV infection, frequency of NKG2D+ T cell was also investigated in the present study.
We found a significant difference between cases and controls; with patients' group having lower proportion of NKG2D+ T cells than controls. Meanwhile, correlation studies between NKG2D+T lymphocyte proportions and laboratory parameters, only revealed that serum albumin has been significantly and positively correlated to the former cell population. In addition, a highly significant positive correlation was found between NKG2D+ NK cells and NKG2D+ T lymphocytes. As far as we know, no other study has investigated these cells in chronic HCV infection to compare its results to ours.
Despite of absence of corroborating or opposing results by other studies, which of no doubt mandates further investigation on the significance and the role the NKG2D+ T lymphocytes might play in HCV infection. Despite of that, the decreased percentage of NKG2D+ T cells in our patients` group may point to a possible role for this receptor in generating an effective adaptive immune response through which activated HCV specific CD8+ T cells might prove to be one of the players in mounting an effective adaptive immune response against persistence of HCV infection. On the other hand, and as the case in NK cells, the decreased frequency of NKG2D+ T cells in comparison to healthy controls could be a consequence of HCV infection which might be used by the virus to overcome host immune response.

The highly siginificant correlation between NKG2D+ NK and NKG2D+ T cells could point to a probable commen mechanisms causing dysregulation of these receptors on both cell types. This relation could raise the possibility of certain role played by NK cells that leads to downregulation of NKG2D receptor on T cells, since NK cells are the first to play as apart of innate immune response basing the way to an effective adaptive response.
To our surprise, the frequency of NKG2D+ T cells was notably higher than expected, however it was significantly lower among patients than controls. Further studies are required to verify our results, gating strategies and monoclonal antibodies used.
In conclusion, the results of the present study suggest a possible role of NKG2D receptor in mounting an effective immune response not only on the level of innate immune system but also could include the adaptive one through NKG2D+ T cells. Understanding the exact role of such receptor in HCV infection may provide future tools to fight against chronicity and persistence of HCV infection.
 Discussion

[bookmark: _Toc371492100]Summary and Conclusion
I
mpaired activity of natural killer (NK) cells has been proposed as a mechanism contributing to viral persistence in hepatitis C virus (HCV) infection. The function of NK cells is regulated by a group of activating and inhibitory receptors, including the natural cytotoxicity receptors (NCRs) and NKG2D on NK cells. Some T cells also express NK receptors (NKRs) and mediate functions of both T cells and NK cells. Altered expression of these receptors is likely to result in altered functions of NK cells and CD8+cells. The aim of the present study was to investigate whether NKG2D expression on NK cells is dysregulated in hepatitis C patients in comparison to healthy controls.
A total of 60 subjects were included in the study, 40 patients with chronic hepatitis C (patients' group) and 20 healthy individuals (control group). All patients underwent full history taking and clinical examination, pelvi-abdominal ultrasonography, testing for liver function tests, HBsAg, HCV Ab by ELISA and HCV RNA by Real Time-PCR. Healthy controls were included based on testing normal for liver function tests and negative for the above mentioned serologic viral markers. All individuals were subjected to flow cytometric assessment of NKG2D expression on NK cells and on T lymphocytes.

The expression of NKG2D on NK cells and on T lymphocytes demonstrated significant change in values in HCV patients (patient group) compared to healthy individuals (control group) where patients showed reduced expression of NKG2D on both cells. Results, however, were comparable among the viremia subgroups as regard NKG2D expression on NK cells and on T lymphocytes.
This study showed also highly significant positive correlation between NKG2D expression on NK cells and T lymphocytes. Correlation studies of the two cell populations investigated versus different laboratory parameters among patients' group revealed statistically significant negative correlation between NKG2D+NK cells and serum direct bilirubin. Meanwhile, serum albumin has shown significant positive correlation to NKG2D+ T cells.
In Conclusion: Significant differences were obtained between patient and control groups as regards NK cells as well as T lymphocytes expressing NKG2D receptors with patients' group having lower levels than controls. These results are suggestive of a possible impact of this receptor on mounting an effective immune response against HCV infection which may aid in providing future therapeutic modalities to help eradicating infection and preventing disease progression.
 Summary and Conclusion

[bookmark: _Toc371492101]Recommendations
· Conduction of other cross-sectional studies on a large number of cases with more stringent control on the variables that might affect the study such as the heterogeneity of patients (including age and sex), diversity of HCV subtypes and viral load, variation in duration of HCV infection and the presence of other microbial infections.
· Assessing NKG2D expression on different NK phenotypes for further elucidation of the role of NKG2D in hepatitis C virus infection.
· Assessment of in vivo cytokines in order to clarify their effects on NKG2D expression.
· Studying the NKG2D receptor expression on intrahepatic NK cells is warranted.
 Recommendations
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الملخص العربى
يسهم التدهور في نشاط الخلايا القاتلة الطبيعية في استمرار تواجد الفيروس في مرضي التهاب الكبدالوبائي (سي). ويتم تنظيم وظيفة الخلايا القاتلة الطبيعية بواسطة مجموعة من المستقبلات المثبطة والمستقبلات المنشطة. وتشمل المستقبلات المنشطة مستقبلات علي الخلايا القاتلة الطبيعية تسميNCRS وNKG2D. فى بعض الخلايا الليمفاوية((Tتظهرايضا مستقبلات الخلايا القاتلة الطبيعيةNKRs)) التي تشارك في وظائف كلا من الخلايا الليمفاوية ((T والخلايا القاتلة الطبيعية. من المرجح أن التغير في اظهار هذه المستقبلات يسفر عن تغير في وظائف الخلايا القاتلة الطبيعية وخلايا. CD8+
تهدف هذه الدراسة الى التحقق من ما إذا كان هناك سوء تنظيم في اظهار مستقبلات NKG2Dعلى الخلايا القاتلة الطبيعية في مرضى التهاب الكبد الوبائي (سي) ام لا و مقارنته مع الاصحاء.
قد شملت هذه الدراسة 60 شخصا منقسمين الي 40 مريض بالالتهاب الكبدي الوبائي المزمن (سي) و 20 فردا من الاصحاء كمجموعة ضابطة. وقد تم اخذ التاريخ المرضي لجميع الخاضعين للدراسة بالاضافة الي فحص اكلينيكي و موجات فوق صوتية علي البطن والحوض و اختبارات معملية لوظائف الكبد ومولدات المضاد S لفيروس الالتهاب الكبدي الوبائي (بي), والاجسام المضادة لفيروس الالتهاب الكبدي الوبائي (سي) باستخدام تقنية ELISA بالاضافة الي اختبار كمية فيروس الالتهاب الكبدي الوبائي (سي) في الدم باستخدام تقنية PCR التزامني. وقد تم اختيار الافراد الاصحاء في هذه الدراسة بناءا علي نتائج طبيعية لاختبارات وظائف الكبد ونتائج سلبية للاختبارات الفيروسية السابقة. وقد خضع جميع الافراد في الدراسة لاختبار التدفق الخلوي لقياس مستوي ظهور مستقبلات NKG2D علي سطح الخلايا القاتلة الطبيعية والخلايا الليمفاوية (T).
وقد أظهرت نتائج اختبارات قياس مستوى مستقبلات NKG2D على سطح الخلايا القاتلة الطبيعية والخلايا الليمفاوية (T) اختلافا ذو دلالة احصائية في مرضي الالتهاب الكبدي الوبائي الفيروسي (سي) مقارنة بالافراد الاصحاء في المجموعة الضابطة. حيث اظهر المرضي نقصا في مستوي ظهور هذه المستقبلات في كلا النوعين من الخلايا. وعلي الرغم من ذلك, لم تظهرنتائج الاختبارات اختلافا هاما في مستوي ظهور المستقبلات محل الدراسة علي سطح الخلايا القاتلة الطبيعية والخلايا الليمفاوية (T) ما بين مجموعات المرضي الفرعية المنقسمة من حيث مستويات فيروس الالتهاب الكبدئي الوبائي (سي) في الدم.
وقد أظهرت هذه الدراسة أيضاعلاقة إيجابية ذو دلالة احصائية عالية بين مستويات ظهور مستقبلات NKG2D علي الخلايا القاتلة الطبيعية والخلايا الليمفاوية (T). وقد كشفت الدراسة الارتباط بين كلا مجموعات الخلايا محل الدراسة وبين مختلف الاختبارات المعملية عن علاقة سلبية ذات دلالة احصائية عالية بين الخلايا القاتلة الطبيعية المظهرة لمستقبلات NKG2D ومستويات البيليروبين المباشر في مصل الدم. واظهرت الدراسة ايضا علاقة ايجابية ذات دلالة احصائية عالية بين مستويات الالبيومين في مصل الدم مع الخلايا القاتلة الطبيعية المظهرة لمستقبلات NKG2D.
وفي الختام: تم الحصول على فروق جوهرية بين المجموعتين موضع الدراسة فيما يتعلق بالخلايا القاتلة الطبيعية وكذلك الخلايا الليمفاويةTفي مستوى ظهور مستقبلاتNKG2D مع الاعتبار ان مجموعة المرضي اظهرت مستويات أقل من الاصحاء في المجموعة الضابطة. وتشير هذه النتائج لتاثير متزايد محتمل لهذا المستقبل علي كفاءة رد الفعل المناعي للجسم ضد فيروس الالتهاب الكبدي الوبائي (سي) الذي قد يساعد في تطوير العلاج في المستقبل لابادة الاصابة بالفيروس ومنع تطور المرض.
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