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SUMMARY 

 Hepatitis C virus (HCV) has become a major threat for global health. HCV genes are 

thought to activate multiple signaling pathways and play a significant role in the alteration of 

cellular gene expression responsible for HCV pathogenesis leading to hepatocellular carcinoma 

(HCC). HCV is genetically highly variable and exist as different genotypes and subtypes, the 

severity of effect within subtypes and major genotype is diverse. However, the molecular 

mechanism of HCV genome-specific pathogenesis still remains unclear. So it is crucial to study 

the cross talk between HCV genes of different genotypes and host factors that lead to HCV 

induced pathogenesis. The role of the HCV genes of genotype 3a in HCV induced pathogenesis 

has not been evaluated. In the present study, we observed effect of HCV 3a genotype on 

expression of genes involved in oxidative stress, steatosis and apoptosis. Transient transfection 

of structural genes of HCV 3a genotype showed an upregulation of mRNA expression levels of 

genes involved in oxidative stress and steatosis and downregulation of genes involved in 

apoptosis as compare to HCV 1a genotype. When HCV 3a structural genes and host genes 

expression was blocked by their specific siRNA, dramatic reduction in the expression of cellular 

genes involved in HCV pathogenesis was observed. Similar results were obtained in HCV-3a 

serum infected Huh-7 cells. Furthermore, reduction in the viral titer and expression of cellular 

genes using siRNA against HCV 3a structural and host genes showed the effect of HCV on 

cellular genes involved in HCV pathogenesis. Collectively, these studies not only suggest a 

genotype-specific crosstalk between key players of HCV pathogenesis but also may represent 

viral and host genes as therapeutic targets. 
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INTRODUCTION 

 Hepatitis C virus causes acute and chronic hepatitis (Hoofnagle, 2002) and can leads to 

HCC in a significant number of patients via oxidative stress, insulin resistance (IR), fibrosis, 

liver cirrhosis and HCV induced steatosis (Alter, 1997). HCV is a major health problem, almost 

350 million individuals are chronically HCV infected (Giannini and Breachot 2003) and 10% of 

the Pakistani population is chronically infected with this viral pathogen (Raja et al., 2007). 

Approximately 40–60% of HCV infected individuals leads to chronic liver disease (Khan et al., 

2000), and prevalence of HCV associated HCC is higher in Pakistan as compare to the rest of 

world (Idrees et al., 2009; Raza et al., 2007). 

HCV is an enveloped positive-single stranded RNA virus 9.6 kb in length consisting of 

(Core, E1, E2 and possibly p7) proteins and nonstructural (NS2, NS3, NS4A, NS4B, NS5A and 

NS5B) viral proteins (Lin et al., 1994; Reed & Rice, 2000). HCV Core is known as the inducer 

of steatosis, oxidative stress and HCC, (Moriya et al., 2001). E1 and E2 are involved in virus 

attachment with the cells and are considered to be the first viral protein comes in contact with the 

cells (Liu et al., 2006). p7 is possibly concerned with ion channel and virus assembly (Pavlovic 

et al., 2003). HCV has six genotypes and 52 subtypes mainly genotypes in the different region of 

the world are (1a, b, c, 2a, b, c, 3a, b, 4a, 5a, 6a). Due to absence of proofreading function of the 

RNA-dependent RNA-polymerase (NS5B), HCV has a high mutation rate and exists as 

genetically heterogeneous quasispecies in individual patients (Purcel, 1994; Walker, 1999; 

Bartenschlager, 2006). The genetic diversity is more than 30% in different genotypes and 20% in 

subtypes. Variations in amino acid sequence of different HCV genotypes cause difference in 

severity of pathogenesis. Recent studies have shown variable responses for interferon (IFN)–

ribavirin combination therapy (Akuta et al, 2005), oxidative stress/steatosis (Tachi et al., 2009) 
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and insulin resistance (Akuta et al., 2009) due to the amino acid substitutions in the HCV Core 

region of different HCV genotypes.  

  HCV genotype 3a is mainly prevalent in Pakistan followed by 3b and 1a (Idrees and 

Riazuddin, 2007). Moreover, a strong correlation between chronic HCV infection and HCC in 

Pakistan associated with genotype 3a has been observed which is not been observed in relation to 

any other genotype (Idress et al., 2009). HCV genotype 3a is mostly involved in HCV induced 

steatosis (Rubbia-Brandt et al., 2000). HCV induced steatosis and oxidative stress causes 

steatohepatitis (Koike and Moriya, 2005) and these pathways leads to liver injury or HCC in 

chronic HCV infection (Farinati et al., 1995; Moriya et al., 2001). Steatosis and oxidative stress 

crosstalk play important role in liver damage in HCV infection (Vidali et al., 2008).  

 Oxidative stress is key contributor in HCV-induced pathogenesis (Tardif et al., 2005). It 

is reported that HCV Core protein regulates gene expression and alter cell signaling pathways 

(Penin et al., 2004) leading to oxidative stress, liver steatosis and eventually HCC (Moriya et al., 

1998). HCV Core protein also up regulates COX-2 expression in hepatocytes and causes 

oxidative stress leading to HCC (Nunez et al., 2004; Okuda et al., 2005). Cellular genes iNOS 

COX-2 and VEGF (Vascular Epidermal Growth Factor) regulate cellular growth and over 

expression of these genes has carcinogenic effects in liver cells (Chiarugi et al., 1998). COX-2 

can induce angiogenesis growth factors via VEGF (Rahman et al., 2001; Cheng et al., 2004; 

Tang et al., 2005) and it has also been revealed that the over expression of COX-2 activates Akt 

by phosphorylation of Akt in human HCC (Leng et al., 2003). Akt acts as a key signal mediator, 

which modulates cell survival and proliferation (Vivanco et al., 2002; Testa et al., 2001). 

Different studies have shown the effect of HCV on these genes but effect of HCV genes on these 

cellular genes which are crucial for HCV pathogenesis has not been evaluated completely. 
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 Steatosis, the most common cause of abnormal liver function, is a pathological condition in 

which simple triglyceride accumulation in hepatocytes cause hepatic steatosis   that leads to HCC 

and other liver diseases (Tetri and Caldwll, 2003). In fatty acid synthesis pathway loss of 

adiponectin Receptor (Adipo R2) due to HCV activates of the enzyme acetyl-CoA carboxylase 

(ACC) (Assifi et al., 2005) a rate-limiting enzyme for fatty acid synthesis. ACC catalyzes 

synthesis of malonyl CoA that is further converted into saturated fatty acids by the action of fatty 

acid synthase (FAS) (Waris et al., 2007). In addition, the transcription factors such as sterol 

regulatory element binding protein (SREBP) and peroxisomal proliferator activator receptor-α 

(PPAR-α) are also the key player in both lipogenesis and fatty acid oxidation pathways. SREBP 

activates the entire gene involved in lipogenesis (Shimano et al., 1997). A major function of 

PPAR-α is to control fatty acid oxidation and activation and its deficiency results in defective fatty 

acid oxidation (Leone et al., 1999; Kersten et al., 1999). It has been demonstrated that HCV 

proteins may accumulate triglycerides in hepatocytes by modulating the fatty acid synthesis 

pathway which leads to steatosis (Waris et al., 2007). However, the mechanism involved in the 

HCV induced steatosis is still not clear.  

 Apoptosis is fundamental process for the control and elimination of viral infections. The 

impact of apoptosis in chronic HCV infection is not well understood. It may be harmful by 

triggering liver fibrosis, or essential for viral elimination (Pianko et al., 2001). HCV proteins, 

particularly Core and NS5A protein have both pro- and anti-apoptotic effects. It is not known 

which HCV protein affects apoptosis and whether the infectious virions act pro- or anti-

apoptotic. E1 and E2 are involved in virus attachment with the cells (Cocquerel et al., 2000). 

Cellular receptors for HCV, CD81 tetraspanning, scavenger receptor class B type 1 (SR-B1), low 
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density lipoprotein (LDL) and Claudine (CLDN1) have been identified which play important 

role in HCV entry and HCV pathogenesis (Pileri et al., 1998; Agnello et al., 1999).  

 RNA interference (RNAi) induced by small interfering RNA (siRNA), is a sequence 

specific gene silencing mechanism (Sharp, 2001; Hannon, 2002). It has been reviewed in detail 

by Khaliq et al in 2009 that HCV RNA is highly susceptible to RNAi; destruction of HCV RNA 

could induce failure of HCV replication and propagation. Many investigators have reported the 

inhibition of HCV RNA by targeted 5'UTR, Core, E2, NS3, NS4b and NS5b sequences by using 

RNAi (Prabhu et al., 2005; Liu et al., 2006; Kanda et al., 2007). Since HCV Core, E1 and E2 

play such crucial roles in HCV infection and pathogenesis; it would be very helpful to use 

siRNA against these HCV genes to explore the gene function. HCV has higher mutation rate to 

escape the immune response and reduce inhibition by antiviral drugs. This problem can be 

circumvented by choosing highly conversed sequences like Core whose mutation might results in 

impaired viral fitness and also choosing some host factors HCV receptors, involved in the HCV 

infection and disease progression as a target. Recent studies have shown that siRNA is also a 

power full tool to study the function of different genes involved in pathways.  

 Very few studies have been undertaken with respect to the genotype 3a and further 

studies are needed in this connection to fully expose the mystery of the cellular mechanism of 

infection. However the role of structure genes of HCV genotype 3a in HCV induced oxidative 

stress, steatosis and apoptosis which are mainly involved in HCV pathogenesis is not reported 

previously. The present study was proposed to find out the role of structural genes of HCV local 

genotype 3a in HCV pathogenesis as there is no available replicon system of the 3a genotype. 

We selected Huh-7 cells as cell culture model system for the transient transfection and viral load 

analysis as it is permissive to HCV infection and replication. The Huh-7 cells have been used as 
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model cell culture systems to study mechanisms of HCV associated hepatocarcinogensis by 

several investigators using either transient transfection or generating stably transfected cell lines 

(Suzuki,et al.,2007; Zekri et al. 2009). Furthermore, the gene expression of the selected genes 

was blocked and their effect on cellular signaling pathways was studied by expressing HCV 3a 

genes clone and siRNA in liver cell line, Huh-7.  

 The current project aimed to study the interaction between HCV genes and host genes 

which are involved in HCV induced oxidative stress steatosis and apoptosis. We examined the 

effect of structural protein of HCV genotype 3a on expression of cellular genes involved in these 

pathogenic pathways as compared to 1a in liver cells. In this study we also characterized the 

effect of structural genes inhibition on cellular genes involved in HCV pathogenesis its 

downstream pathways using their specific siRNA. We also observed down regulation of HCV 

replication and expression of cellular gene involved in these pathogenic pathways in HCV 3a 

serum infected Huh-7 cells using siRNA not only against HCV structural genes but also against 

HCV receptors. The present study was undertaken to explore the interactions between HCV 

structural genes and receptors of host liver cells which cause HCV infection and lead to HCV 

pathogenesis. We further analyzed the effect of siRNA against HCV structure genes and 

receptors separately or combined on viral entry by quantifying the viral titer in siRNA treated 

and non-treated Huh7 cells. These findings will contribute to our understanding of HCV 

pathogenesis, and help in devising strategies for interference with HCV infection. Identification 

and subsequent manipulation of these genes will provide a break through to sort out beneficial 

antiviral therapies, therapeutic targets and to get insight into the interaction of HCV genes and 

cellular genes involved in HCV pathogenesis.  
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REVIEW OF LITERATURE 

3.1 Hepatitis C 

 Hepatitis is inflammation of liver and it is usually called Hepatitis C as it is mainly 

caused by HCV, which is the main reason of liver-related morbidity and mortality. HCV causes a 

persistent liver infection and chronic hepatitis leading to the development liver cirrhosis, and 

HCC. Many decades later with development of better research methods and technology scientists 

were able to identify Hepatitis. HCV, the major causative agent of chronic hepatitis worldwide is 

believed to be more prevalent than hepatitis B virus (HBV) infection [NIH, 2002]. World Health 

Organization (WHO) has already declared hepatitis C as a major global health problem. An 

estimated 350 million people are chronically infected by HCV in all over the world which is the 

main cause of liver fibrosis and cirrhosis, often leading to HCC in a substantial number of 

patients (Giannini and Brechot, 2003; Alter, 1997), and 10% of the Pakistani population is 

chronically infected with this viral pathogen (Raja et al., 2007). HCV infection accounts for 

approximately 15-20% cases of acute hepatitis and 50-80% cases of chronic hepatitis with viral 

persistence being at risk to develop liver cirrhosis and HCC (Timm et al., 2007). There is no 

vaccine available for HCV and current standard therapy has poor efficacy and tolerability.  

3.2   Clinical manifestations 

 The course of disease varies widely among infected persons. HCV infection is hardly 

ever diagnosed during the acute phase. The majority of persons have either none or only mild 

and unspecific symptoms after exposure to HCV. Nevertheless, clinical manifestations of acute 

hepatitis consisting of jaundice, malaise and nausea can occur in some patients, usually within 7 

to 8 weeks after infection (Lauer and Walker, 2001). Progression to chronic disease occurs in 

about 70-80% of infected persons whereas 20-30% shows spontaneous recovery.  
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3.2.1 Acute hepatitis C 

 The term acute hepatitis refers to a small percentage of patients (10-25%) who 

spontaneously clear the virus during first 6 months or fewer after HCV infection. After acute 

infection, HCV RNA may become detectable in the serum/plasma in as little as 2 weeks in the 

majority of cases; patients develop mild constitutional symptoms, including abdominal pain, 

nausea, vomiting, anorexia, and fatigue. During acute infection, serum amino-transferases often 

peak >100 IU/ml and may return to normal levels (Jason et al., 2008). A strong HCV-specific 

CD8+ T-cell response, probably responsible for acute liver damage, is correlated with the control 

of viremia during the acute phase (Bowen and Walker, 2005; Guidotti and Chisari, 2006).  

3.2.2 Chronic hepatitis C 

 Majority of HCV infected individuals are unable to clear the virus during the acute 

phase and become chronically infected. Chronic hepatitis C is characterized by liver 

inflammation, fibrosis, and cirrhosis and in some patients HCC. The early stage of chronic 

infection is typically characterized by a prolonged asymptomatic period. Spontaneous clearance 

of viremia, once chronic infection has been established, is rare. Most chronic infections will lead 

to hepatitis and to some degree of fibrosis. At this stage of disease the risk of developing HCC is 

1-4% per year (Tsukuma et al., 1993). In patients with clinical or biological signs of chronic 

liver disease, chronic hepatitis C is certain when both anti-HCV antibodies and HCV RNA 

(sought with a sensitive technique, detecting 50 IU/ml or less) are present (Pawlotsky et 

al.,1998). More than 80% chronically infected patients with hepatitis C will develop liver 

cirrhosis in less than 20 years. In patients with HCV related cirrhosis, mortality related to portal 

hypertension, hepatic failure or HCC is 2-5% per year (Alberti et al., 1999). 
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3.3    Hepatitis C virus   

 The HCV is a small spherical (diameter of approximately 55-65nm) enveloped, positive 

sense single stranded RNA virus. The nucleocapsid of the viral particle is 30–35 nm exhibits an 

icosahedra structure and is surrounded by a lipid-containing envelope with surface-spike-like 

projections of viral envelope glycoprotein. HCV is classified as a separate genus (Hepacivirus) 

within the Flaviviridae family (Houghton, 1996; Lemon and Brown, 1995; Robertson et al., 

1998).    

 

 

Figure 3.1: Model structure of HCV. 

3.4 Genome organization of HCV 

 The HCV genome is a positive, single-stranded RNA of about 9.6 kb, which comprises 

one long open reading frame (ORF) containing 9024 to 9111 nucleotides depending on the 

genotype encoding a protein of approximately 3010-3011 amino acids. The polyprotein 

precursor is cotranslationally and post translationally processed by both cellular and viral 

proteases at the level of endoplasmic reticulum (ER) membrane to yield 10 mature proteins; four 
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structural (Core, E1, E2 and p7) and six non-structural proteins (NS2, NS3, NS4A, NS4B, NS5A 

and NS5B) (Choo et al., 1991; Hijikata et al., 1991; Bartenschlager et al., 1994; Lin et al., 1994).  

 

 
 

Figure 3.2: Hepatitis C virus genome organization and polyprotein processing. 

3.4.1 Structural proteins 

 The one-third N-terminal of the polyprotein results in structural proteins in the 

following order: Core (C) a highly basic, non-glycosylated nucleocapsid protein of about 191 

amino acids (about 21kDa) and two envelope E1 and E2 transmembrane glycoproteins of about 

190 and 370 amino acids (30-33 and 70-72kDa respectively) (Hijikata et al., 1991; Hsu and 

Greenberg, 1994; Lemon et al., 1995; Walker, 1999). p7, 63 amino acid long polypeptide is 

located at the junction between structural and nonstructural genes.  Recent reports have reported 

p7 as an ion channel (Pavlovic et al., 2003; Premkumar et al., 2003). 

3.4.1.1 Core protein   

 The HCV Core protein is a highly basic, RNA-binding protein, which forms the viral 

nucleocapsid and has numerous functional activities. The genomic region encoding the Core 

protein encompasses amino acids 1-191. Full-length Core localizes in the cytoplasm and 

associates with endoplasmic reticulum (ER) and lipid droplets (Hope and McLauchlan, 2000). 

Physical association of the Core protein with E1 and E2 glycoproteins, most likely taking place 



 

 12

in the ER membrane, may have a role in virus morphogenesis and in viral entry (Santolini et al., 

1994; Ray et al., 1995). Higher sequence variations within the Core are apparent in tumor as 

compared to non-tumor tissues (Ruster et al, 2001). These include its likely role in encapsidation 

of viral RNA, a regulatory effect on cellular and unrelated viral promoters, interactions with a 

number of cellular proteins, a modulatory role in programmed cell death or apoptosis under 

certain conditions, involvement in cell growth promotion and immortalization, induction of HCC 

in transgenic mice, and a possible immunoregulatory role. 

  The Core protein has been reported to interact with numerous cellular proteins and to 

affect host cell functions such as gene transcription, lipid metabolism, apoptosis and various 

signaling pathways (Tellinghuisen and Rice, 2002). Further, it has been associated with the 

induction of steatosis and HCC (Moriya et al., 1998; Hope et al., 2002; Lerat et al., 2002). Core 

protein, although a structural component of the virus, may have a regulatory function in 

modulating apoptosis (Sabile et al., 1999). Core can suppress or enhance apoptosis (Ray et al., 

1996b; Ruggieri et al., 1997; Zhu et al., 1998), can activate or suppress the expression of viral 

and cellular genes (Ray et al., 1995) and may be oncogenic (Chang et al., 1998; Kawamura et al., 

1997; Moriya et al., 1998; Pasquinelli et al., 1997; Ray et al., 1996a). Recent studies indicate 

that it can suppress the activation of the transcription factor NF-kB by inhibiting the degradation 

of IkBa, and it can activate the transcription factor activator protein-1 (AP-1) by activating the 

JNK and mitogen activated protein kinase (MAPK) pathways (Shrivastava et al., 1998). More 

interestingly, liver expression of HCV Core in transgenic mice results in early steatosis and late 

HCC development (Moriya et al., 1998). These observations show that Core protein in 

association with cellular factors may play a role in virus-mediated pathogenesis. The presence of 

a putative DNA-binding motif, nuclear localization signals, phosphorylation sites, and the 
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nucleocytoplasmic localization of the Core protein suggest its possible function as a gene 

regulatory protein. Core protein directly or indirectly involved in hepatocarcinogenesis and 

steatohepatitis (Hope et al., 2002; Lerat et al., 2002). HCV Core protein interact with numerous 

cellular proteins and to affect host cell functions such as gene transcription, lipid metabolism, 

apoptosis and various signaling pathways (Tellinghuisen and Rice 2002). The interaction 

between Core and host protein suggests a potential mechanism to alter normal cellular functions, 

but still their biological significance in HCV infection is not clear at this time. Core protein is 

also able to up regulate reactive oxygen species (ROS) production by induced nitric oxide 

species (iNOS) which activates cyclooxygenase-2 (COX-2) expression in hepatocytes derived 

cells, providing a potential mechanism for oxidative stress leading to HCC (Nunez et al., 2004). 

An enhanced ROS production caused by damage of the mitochondrial electron transport system 

was observed in Core protein-expressing cells and could also increase oxidative stress caused by 

damage of the electron transport system (Okuda et al., 2002). These properties suggest that Core 

protein in association with cellular host factors play a major role in virus-mediated pathogenesis 

directly or indirectly involved in hepatocarcinogenesis. 

3.4.1.2 E1 and E2 glycoproteins 

 The envelope glycoproteins, E1 and E2 are present at the surface of HCV virus particle, 

essential components of the HCV virion envelope and are necessary for viral entry and fusion 

(Bartosch et al., 2003; Nielsen et al., 2004). E1 and E2 have molecular weights of 33–35 and 70–

72 kDa, respectively. They are type I transmembrane glycoproteins, with N-terminal 

ectodomains of 160 and 334 amino acids and a short C-terminal transmembrane domain of 

approximately 30 amino acids. The transmembrane domains have numerous functions, including 

membrane anchoring, ER localization, and heterodimer assembly (Cocquerel et al., 1998; 
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Cocquerel et al., 2000). They could play an important role in fusion (Ciczora et al., 2007). E1 is 

thought to be involved in intracytoplasmic virus-membrane fusion (Flint et al., 2004; McKeating 

et al., 2004). HCV E2 protein residues 384-661, a receptor binding domain, binds with a high 

affinity to the large extracellular loop of CD81, a tetraspanin found on the surface of different 

cell types including hepatocytes and epithelial cells to play an important role in the early step of 

viral entry (Pileri et al., 1998; Meola et al., 2000; Cocquerel et al., 2003). E2 contains a highly 

heterogeneous segment at its N-terminus known as the hypervariable region 1 (HVR1). HVR1, 

27 amino acids long, is believed to be an immunologically important domain as it contains B and 

T cell epitopes (Zibert et al., 1997; Shirai et al., 1999). 

  HCV envelope glycoproteins are potential target for the development of antiviral 

molecules that vould block HCV entry.  E1 and E2 play essential roles at different steps of the 

HCV life cycle such as virus entry and assembly of infectious particles. The E2 glycoprotein or 

more precisely a 12 amino acid domain of this protein located between residues 659-670 known 

as PePHD (PKR-eIF2α phosphorylation homology domain) is involved in PKR inhibition 

indirectly inhibiting cellular interferon response (Taylor et al., 1999). C-terminal domain of E1 

protein is essential for apoptosis as neither cell death nor DNA degradation were observed with 

the recombinant baculovirus expressing the C-terminal-deleted E1, presumably modifying 

membrane permeability of cells (Ciccaglione et al., 2003). E2 also has the potential to induce 

apoptosis due to similar genetic characteristics with the envelope proteins of Flaviviruses which 

has been reported to induce apoptosis in cultured mammalian cells for persistent infection 

(Duarte dos Santos et al., 2000; Wang et al., 2002). E2 may also inhibit cell proliferation by 

inducing apoptosis through a mitochondrial damage-mediated caspase pathway (Chiou et al., 

2006). Contrary to these observations another study reported the ability of E2 to reduce apoptosis 
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by inhibiting TRAIL-induced cytochrome c release from the mitochondria, which may 

subsequently enhance persistent HCV infection (Lee et al., 2005).   

3.4.1.3     p7 

 p7 is a 63-amino acid polypeptide located between HCV E2 and NS2 genes. p7 is a 

membrane-spanning protein located in the ER. The cleavage
 
of p7 is mediated by the ER signal 

peptidases
 
of the host cell. p7 has two transmembrane domains (TMDs) connected by a 

cytoplasmic
 
loop; the amino- and carboxyl-terminal tails are oriented toward

 
the ER lumen. It 

also has been demonstrated that the carboxyl-terminal
 
TMD of p7 can function as a signal 

sequence that most likely
 
promotes the translocation of NS2 into the ER lumen for appropriate

 

cleavage by host signal peptidases. These
 
proteins form ion channels that play an essential role in 

virus infection. Griffin et al., (2003) HCV p7 has characteristics similar
 
to those of a group of 

proteins called viroporins. It is believed that p7 could be important for productive infection but 

not for RNA replication (Harada et al., 2000).  It has been shown to be essential for virus particle 

assembly and release of infectious virions in a genotype specific manner (Griffin et al., 2003). 

Inhibition of p7 ion channel activity was demonstrated with
 
various long-alkyl-chain amino 

sugar derivatives (Pavlovic et al., 2003). p7 ion channel activity has been blocked by 

amantadine, M2 (viroporin) inhibitor, suggesting
 
that HCV p7 could be a highly relevant target 

for antiviral
 
drug development (Griffin et al., 2003 and 2004; Clarke et al., 2006). Comparison of 

p7 sequences of different genotypes reveals a high degree of variability, showing that p7 may 

differ in a sequence specific manner to compound sensitivity. A recent study found amantadine 

to be ineffective in blocking HCV assembly in culture cells, whereas imino-sugars were effective 

(Steinmann et al., 2007). 

 



 

 16

3.5 Genetic diversity 

 A characteristic of RNA viruses is their extreme genetic diversity. The NS5B protein of 

HCV is an RNA-dependent RNA polymerase that lacks a proof reading mechanism. Thus, 

mutations within the HCV genome are generated at a rate of approximately 1 mutation per 

genome per replication cycle. Almost 10 trillion viral particles are produced per day. This results 

in a population of distinct but closely related viral variants, termed the viral quasispecies that 

exist within a single individual. By constant mutation, HCV may be able to escape host 

immunologic detection and elimination and maintain persistent infection. Persistent viremia was 

associated with a higher hyper variable region 1 (HVR1) (Lemon and Brown, 1995; Purcell, 

1994; Walker, 1999; Simmonds, 2004). There is 30-50% variation among viral genotypes and 

15-30% among different subtypes while there is 1-5% variation in nucleotide sequence from a 

single HCV infected patient (Simmonds, 2004 Bartenschlager 2006).  

 On the basis of nucleotide variation HCV divided into six major HCV genotypes and 

more than 80 subtypes. More nucleotide variation concentrated in E1 and E2 glycoprotein. The 

lowest sequence variability between genotypes is found in the 5 UTR which contain specific 

sequences and RNA secondary structures that are required for replication and translation 

functions. The sequence variability is due to high replication rate and lack of proofreading 

activity of RNA dependent RNA polymerase. The rate of nucleotide misincorporation is 

approximately 10
–3

 base substitutions per genome site per year (Major et al., 1999). All currently 

recognized HCV genotypes are hepatotropic and pathogenic (Simmonds, 1995). However, it has 

been suggested that different genotypes do vary in their infectivity and pathogenicity, thereby 

influencing the rate of progression to cirrhosis and the risk of HCC (Simmonds et al., 1996). 

Furthermore, several distinct but closely related HCV sequences coexist within each infected 
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individual. There is 30-50% variation among viral genotypes and 15-30% among different 

subtypes while there is 1-5% variation in nucleotide sequence from a single HCV infected 

patient (Bukh et al., 1995; Simmonds, 2004). Sequence variability is distributed equally 

throughout the viral genome, apart from the highly conserved 5`UTR and Core regions and 

HVR1 in E2 (Table 3.1) (Kato et al., 1990; Okamoto et al., 1994; Sakamoto et al., 1994; 

Walewski et al., 2002). Based on nucleotide sequence comparison variants from different 

individuals and geographical regions, HCV genome can be grouped into at least six genotypes, 

or clades, and several subtypes. In Western Europe and the United States, infections caused by 

genotypes 1a and 1b are the most frequent, followed by infections with genotype 2 and 3 viruses. 

The other genotypes are rare and can only be found in distinct geographical regions, such as 

Egypt (genotype 4), South Africa (genotype 5), and Southeast Asia (genotype 6). In Pakistan the 

major HCV genotype is 3a followed by 3b and 1a (Idrees and Riazuddin, 2008). It has been 

suggested that different genotypes do vary in their infectivity and pathogenicity, thereby 

influencing the rate of progression to cirrhosis and the risk of HCC.  

 Core E1 E2 p7 

AA length 191 192 352 63 

% Identity 91% 57% 76% 56% 

± Std dev. 3.0 7.8 6.0 8.3 

 

Table 1: HCV viral proteins percent identities in different genotypes. 

 Results of aligned sequences of divergent HCV RNA, translated into proteins and percent 

average identities (means ± standard deviations) (Walewski et al., 2002). 
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3.6 HCV receptors 

 Various putative cellular receptors have been suggested as mediating interactions with 

HCV envelope proteins. Truncated forms of E2 have been shown to interact with CD81, 

scavenger receptor type B class 1 protein (SRB-1) and Low density lipoprotein (HDL) binding 

molecule (Pileri et al., 1998). Soluble forms of CD81 can inhibit entry of HCVpp to cells (Hsu et 

al., 2003). Ectopic expression of CD81 in CD81-negative cells does not permit HCVpp entry 

indicating that CD81 is a co-receptor. Another proposed HCV receptor is the LDL receptor, 

which was shown to help endocytosis of the virus. Viral entry could be prevented in a number of 

cell types using an anti-LDL monoclonal antibody (Agnello et al., 1999).  

3.7   HCV infection and pathogenesis 

 Hepatocytes and possibly, B-lymphocytes as well as dendritic cells are the natural 

targets of HCV. HCV enters the cell most likely through receptor mediated endocytosis followed 

by release of the viral RNA genome into cytoplasm. E2 is thought to mediate binding and entry 

into hepatocytes. CD81 is a strong candidate to function as a cell surface receptor recognized by 

the E2 protein of virus (Pileri et al., 1998; Flint et al., 2006; Owsianka et al., 2006). CD81 

belongs to the tetraspanin family and is a largely ubiquitous, transmembrane protein expressed 

on the surface of a number of different cell types including hepatocytes and epithelial cells 

(Kitadokoro et al., 2001). CD81 may not be sufficient for viral entry and it has been postulated 

that additional roles are played by the low-density-lipoproteins receptor (LDLR) and the 

scavenger receptor class B type I (SRBI) (Monazahian et al., 1999; Meola et al., 2000; Scarselli 

et al., 2002). It is proposed that HCV is associated with lipoproteins and lipids; therefore, interaction 

with the LDLR via non specific uptake into hepatocytes is a possible mechanism of cell entry 

(Lavillette et al., 2005; Wunschmann et al., 2000). Claudin-1 was recently identified as co-
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receptor required at a late stage of HCV entry (Evans et al., 2007). It has been recently shown 

that EWI-2wint, a cleavage product of EWI-2 a partner of CD81, is a potent inhibitor of the E2-

CD81 interaction (Pocha-Peruginif et al., 2008). EwI-2wint is not expressed in hepatocytes 

although being expressed in different cell lines. It is therefore possibly explained why only liver 

cells get infected with HCV as a result of either presence of other specific entry factors or from 

the absence of specific inhibitors. 

 Viral replication is extremely efficient and is catalyzed by the C-terminal RNA 

polymerase. The HCV half-life is estimated as only a few hours with a production of as much as 

10
12

 virions per day (Neumann et al., 1998). The immune system is known to play an important 

role in the development of hepatitis. T lymphocytes can be found within the infected hepatic 

parenchyma, and it has been suggested that they are mobilized to control and possibly eliminate 

the virus. However, the result of their presence in the liver is a collateral damage through the 

secretion of inflammatory cytokines (Cooper et al., 1999). Inflammation may also be related to 

clearance of HCV infected cells by activated cytotoxic T cells (Shimotohno, 2000). Viral 

proteins may influence proliferation of infected host cells. The most important pathogenic 

function has been documented for HCV Core protein. In addition, an interaction of Core protein 

with lipid droplets might affect lipid metabolism, contributing to the development of liver 

steatosis, which is often seen in patients infected with HCV genotype 3 (Asselah et al., 2006). 

The envelope protein E2 was shown to interfere with PKR function, while NS3 protein can 

interact with tumor suppressor p53 and has, similarly to NS4B, a cell transforming ability 

(Shimotohno, 2000). Several proteins involved in viral pathogenesis are potential targets for the 

development of virus-specific inhibitors. These drug targets include the HCV Core, E1 and E2 

structural genes, NS2-3 and NS3-4A proteases, HCV helicases and the NS5B RdRp as well as 
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the IRES, viral entry and fusion, the p7 ion channel and the CD81 receptor (Lauer and Walker., 

2001; Lamarre et al., 2003; Kwong et al., 2005). 

3.8 Oxidative stress 

 Oxidative stress refers to the oxidation-reaction-dominant state of the living body 

induced by an imbalance between the oxidation reaction caused by reactive oxygen species 

(ROS) and the anti-oxidation reaction. Main ROS include superoxide (O2−), hydrogen peroxide 

(H2O2) and the hydroxyl radical (HO) (Koike et al., 2005). Oxidative stress has emerged as a 

key contributor in the development and progression of many pathological conditions, including 

HCV-induced pathogenesis of liver (Tardif et al., 2005). Mainly in liver cells NO production 

which is induced by iNOS enzyme which is activated in inflammatory process. 

3.9 HCV induced oxidative stress  

 Oxidative stress is produced by inflammatory progressions that occur in hepatitis via 

immunological mechanisms. In addition, in HCV infectious disease, viral proteins have some 

functions in the induction of oxidative stress. In HCV infection, ROS are produced by NADPH 

oxidize and xanthine oxidase in neutrophils and macrophages (Bureau et al., 2001). It have been 

also demonstrated that oxidative stress plays an important role in CHC (Mahmood et al., 2003). 

In the presence of hepatic steatosis, IR and increased levels of some cytokines, all of which are 

also stimulated by viral protein expression, oxidative stress is enhanced in HCV infection. In 

addition, HCV produced ROS also in hepatocytes in response to release of inflammatory 

cytokine from inflammatory cells (Shimoda et al., 1994; Farinati et al., 1995). A pathological 

relationship between oxidative stress and HCV infection is observed,   the causes of oxidative 

stress in HCV infection are considered to include various factors such as mitochondrial damage, 

lipid accumulation and ER stress in the liver. Different studies revealed that viral proteins, 
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mainly the HCV Core protein, cause oxidative stress. In this sense, inflammation in CHC is 

considered to be qualitatively different from inflammation observed in other types of hepatitis 

such as autoimmune hepatitis or hepatitis (Koike et al., 2005).   

3.10    HCV structural genes and oxidative stress 

 In addition to nucleocapsid formation, HCV Core protein also modulates gene 

transcription, cell proliferation, cell death, and cell signaling, interferes with lipid metabolism 

and suppresses host immune response (Penin et al., 2004). Core is an important pathogenic 

determinant of HCV induced oxidative stress leading to liver steatosis, and HCC (Moriya et al., 

1998; Lerat et al., 2002). In addition, it is notable that in HCV infection the viral proteins 

themselves as well as inflammation due to hepatitis are regarded as a cause of oxidative stress 

(Okuda et al., 2005). HCV Core is known as the inducer of steatosis, oxidative stress and HCC 

(Moriya et al., 2001). HCV structural genes, particularly the Core protein, have different 

functions with respect to host cells (Suzuki et al., 1999) and are closely related to oxidative 

stress. Core protein is also able to up regulate ROS production by induced nitric oxide 

Synthetase (iNOS) which activates cyclooxygenase-2 (COX-2) expression in hepatocytes 

derived cells, providing a potential mechanism for oxidative stress leading to HCC (Nunez et al., 

2004; Okuda et al., 2005). The Core protein was found to have a variety of actions, including the 

induction of oxidative stress and accumulation of lipids, in cultured cells and transgenic mice 

(Moriya et al., 2001: Okuda et al., 2002) and an enhanced ROS production caused by damage of 

the mitochondrial electron  transport system was observed in Core-protein-expressing cells 

(Okuda et al., 2002). Mitochondrial DNA, which has no protective proteins such as histone, is 

susceptible to damage by ROS (Shigenaga et al., 1994: Lee et al., 1997) and could also increase 

oxidative stress caused by damage of the electron transport system. Core is an important 
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pathogenic determinant of HCV induced oxidative stress. It is also able to up regulate COX-2 

expression in hepatocyte derived cells, providing a potential mechanism for hepatic fibrosis 

during chronic HCV infection (Okuda et al., 2005).  

3.11 Cellular genes involved in HCV induced oxidative stress and HCC 

3.11.1 iNOS   

 In an inflammation, iNOS is induced in macrophages and hepatocytes (Schwarz et al., 

1996: Majano et al., 1998). iNOS is related to a high-output pathway of oxidative stress and is 

responsible for various pathological processes (Rehman et al., 2001). In fact, iNOS synthesis 

correlates with intra hepatic viral load in CHC (Mihm et al., 1997). NO causes cellular damage 

upon its reaction to O2 and finally produced nitro tyrosine, which was observed in association to 

inflammation severity in CHC tissue (Garcia-Monzon et al., 2000) suggesting that the production 

of both NO and ROS increased. ROS and RNS are produced as defense factors against viral 

infection, but these. ROS and RNS also have cytotoxic effects. Over production of iNOS and 

COX-2 have carcinogenic effects achieved either directly or by producing mediator that regulate 

cellular growth (Rehman et al., 2001; Cheng et al., 2004; Tang et al., 2005). Elevated NO 

production has been implicated as a cause of tissue damage by inflammation, thus contributing to 

liver tumor promotion (Ahn et al., 1999). NO has been shown to induce oxidative DNA damage 

and inhibit DNA repair (Jaiswal et al., 2001; Jaiswal et al., 2002). The expression of both COX-

2 and iNOS was significantly elevated in HCV-positive HCCs. These findings suggest that 

combined expression of iNOS and COX-2 may play an important role in the prognosis of HCV-

positive HCC patients.  Rahman et al. in 2001 examined COX-2 expression significantly 

correlated with iNOS expression playing an important role in prognosis of HCV-positive HCC 
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patients that could be partially attributable to modulation of angiogenesis by COX-2 and a 

combined negative expression of iNOS and COX-2 had a significant impact on patient survival.   

3.11.2 COX-2  

 Two isoforms of COXs have been identified, COX-1 and COX-2, both catalyzing the 

same enzymatic reaction. Despite the structural similarity, COX-1 and COX-2 are regulated and 

function differently (Smith and Langenbach, 2001). COX-2 is not constitutively expressed, but is 

rapidly induced by both inflammatory and mitogenic stimuli resulting in increased 

Prostaglandins (PG) synthesis in neoplastic and inflamed tissues. PGs play a central role in 

inflammation, and COX is the key enzyme in the conversion of arachidonic acid to 

prostaglandins. COX-2 is induced by a variety of factors such as ROS, cytokines, growth factors 

and tumor promoters and has been connected to inflammation and the inhibition of apoptosis 

leading to carcinogenesis (Hla and Neilson, 1992: Jones et al., 1993).   The expression of COX-2 

in HCC was found to correlate with the levels of several key molecules implicated in 

carcinogenesis such as iNOS activate VEGF and p-Akt (Koga et al., 1999; Rahman et al., 2001). 

iNOS and COX-2 have carcinogenic effects achieved either directly or by producing mediator 

that regulate cellular growth (Chiarugi et al., 1998). COX-2 can induce angiogenesis growth 

factors via VEGF (Rahman et al., 2001; Cheng et al., 2004; Tang et al., 2005). 

 Upregulation of COX-2 has been detected in HCC (Han et al., 2006; Koga et al., 1999; 

Rahman et al., 2001).  COX-2 have carcinogenic effects (Gallo et al., 2001; Amano et al., 2002) 

achieved either directly or by producing mediators that regulate cellular growth. COX-2 can 

induce angiogenesis via VEGF and PG production (Rahman et al., 2001; Cheng et al., 2004; 

Tang et al., 2005) and can also inhibit apoptosis by inducing the antiapoptotic factor Bcl-2 as 

well as activating antiapoptotic signaling through Akt/PKB. Phospho-Akt-Ser473 is also 
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upregulated and causes the activation of COX-2 expression in liver cells. COX-2 plays an 

important role in VEGF-induced angiogenesis via p38 and JNK kinase activation pathways as 

VEGF-induced cell proliferation was significantly reduced when transfected with COX-2 siRNA 

(34.12 ± 5.81%) (Wu et al., 2006). COX-2 expression in Huh-7 cell line was inhibited by 

selective COX-2 inhibitor (SC-58635) or COX-2 siRNA and dramatically suppressed the 

proliferation, migration, and differentiation in vitro and in vivo.  An approximately 78% 

reduction of VEGF level has been found in COX-2 siRNA treated Huh-7 confirmed the role of 

COX-2 in induction of VEGF. Moreover, COX-2/PGE2/EP/VEGF pathway possibly also 

contributes to tumor angiogenesis in HCC (Zhao et al., 2007). COX-2-specific siRNAs were 

electroporated into SNU-387 cells and significant, sequence specific reductions in COX-2 

expression, PGE2 production, and cell proliferation were observed (Park et al., 2006). Recent 

evidence indicates that COX-2 modulates angiogenesis either by augmenting the release of 

angiogenic peptides by tumor cells or by directly increasing the production of PGs (Tsujii et al., 

1998; Chiarugi et al., 1998).  

3.11.3 PGE 2  

 PGs play a central role in inflammation, and COX is the key enzyme in the conversion of 

arachidonic acid to PG. The first step in the formation of PG is the liberation of arachidonic acid 

(AA) from membrane-bound phospholipids COXs (Dennis, 1997; Balsinde et al., 1999). It 

appears that inflammation-mediated induction of COX-2 may represent a pivotal step in 

hepatocarcinogenesis. Recent experimental evidence suggests that increased COX-2 expression 

and PG production may contribute to the development of HCC. Several recent studies indicate 

that the COX-2/PGE2 pathway is involved in HCC cell invasion (Mayoral et al., 2005; Abiru et 

al., 2002). Leng et al. in 2003 showed that COX-2 and PGE2 promote the growth of human 
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HCC cells. In cultured HCC cells, over expression of COX-2 or treatment with PGE2 enhances 

VEGF production and this effect is blocked by inhibition of COX-2 (Cheng et al., 2004). 

Transfection of human HCC cell lines Hep3B and HepG2 with COX-2 expression vector or 

treatment with exogenous PGE2 induced phosphorylation of serine/threonine protein kinase B 

(Akt) and enhanced cell growth (Leng et al., 2003). The observations that celecoxib inhibits the 

production  of PGE2 in HCC cells and that COX-2 or PGE2  partial protects against celecoxib-

induced apoptosis  suggest the involvement of COX-2 inhibition in celecoxib-induced inhibition 

of HCC cell growth (Leng et al., 2003). Therefore, in addition to hepatocarcinogenesis, COX-2-

controlled PGE2 production signaling may also contribute to the pathogenesis of chronic 

hepatitis and cirrhosis.  

3.11.4 p Akt 

 The expression of COX-2 in HCCs was found to correlate with the levels of several key 

molecules implicated in carcinogenesis, such as p-Akt (Leng et al., 2003), VEGF (Cheng et al., 

2004; Tang et al., 2005) and iNOS (Rahman et al., 2001). Leng et al (2003) showed a positive 

correlation between the expression of COX-2 and phosphorylated Akt/Protein kinase B (PKB) in 

human HCC, suggesting a potential role of Akt in COX-2-mediated hepatocarcinogenesis. The 

level of COX- 2 expression and Akt phosphorylation is positively correlated in cultured HCC 

cells and in human liver cancer tissues. Furthermore, inhibition of Akt activation by 

phosphatidylinositol 3-kinase (PI3-kinase) inhibitor LY294002 significantly decreased the 

viability of HCC cells (Leng, et al., 2003).  These findings suggest an important role of Akt 

activation in COX-2-induced HCC cell survival. The observations that celecoxib treatment 

decreased the phosphorylation of Akt and that inhibition of Akt reduced HCC cell viability 

suggest that involvement of pAkt in HCC (Leng et al., 2003; Testa et al., 2004).  
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3.11.5 VEGF 

 

 Vascular Epidermal Growth Factor synthesis occurs via oxidative stress and calcium 

signaling induced by HCV gene expression. VEGF the most potent angiogenic factor for tumor 

angiogenesis is believed to be involved in COX-2-mediated angiogenesis (Gallo et al., 2001 and 

Amano et al., 2002). COX-2 can induce angiogenesis via VEGF and PG production. Moreover, 

COX-2/PGE2/EP/VEGF pathway possibly also contributes to tumor angiogenesis in HCC (Zhao 

et al., 2007). There is also compelling evidence suggesting an important role of angiogenesis in 

COX-2-mediated hepatocarcinogenesis. COX-2 has been shown to induce angiogenesis via 

VEGF (Tsujii et al., 1998, Cianchi et al., 2001). Two recent studies show that elevated COX-2 

expression correlates with increased VEGF level and micro vascular density in human HCCs 

(Cheng, et al., 2004; Tang, et al., 2005). There is also evidence that the COX-2 inhibitor reduces 

the production of VEGF, a potent stimulator of angiogenesis in Huh-7 cells (Cheng, et al., 2004). 

3.12 Mechanism of oxidative stress leading to HCC          

` Oxidative stress has emerged as a key contributor in the development and progression of 

many pathological conditions, including HCV-induced pathogenesis of liver (Tardif et al., 2005). 

The expression of COX-2 in HCC was found to correlate with the levels of several key 

molecules implicated in carcinogenesis such as iNOS, VEGF and p-Akt (Koga et al., 1999; 

Rahman et al., 2001). COX-2 and iNOS have carcinogenic effects achieved either directly or by 

producing mediator that regulate cellular growth (Chiarugi et al., 1998). COX-2 can induce 

angiogenesis growth factors via VEGF (Rahman et al., 2001; Cheng et al., 2004; Tang et al., 

2005). VEGF is also stimulated by a number of other inflammatory mediators including NO and 

certain cytokines. Previously, it has been shown that the over expression of COX-2 activates Akt 

in human HCC via a p13-kinase-dependent mechanism (Leng et al., 2003). Akt acts as an 
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important signal mediator, which regulates cell survival and proliferation (Vivanco et al., 2002; 

Testa et al., 2001). High nitric oxide production has been concerned as a cause of tissue damage 

by inflammation, thus contributing to liver tumor promotion (Ahn, et al., 1999). The expression 

of both COX-2 and iNOS was significantly elevated in HCV-positive HCCs; the level of COX-2 

expression was significantly correlated with iNOS expression (Rahman et al., 2001). These 

findings suggest that combined expression of iNOS and COX-2 may play an important role in 

the prognosis of HCV-positive HCC patients. A few studies have revealed that COX-2 

expression is correlated with VEGF expression in HCC (Rahman et al., 2001, Cheng et al., 2004 

and Tang et al., 2005). COX-2/PGE2/EP/VEGF pathway possibly also contributes to tumor 

angiogenesis in HCC (Zhao et al., 2007). Expression of HCV sub genomic replicons or replicon 

RNA in human HCC cells increases COX-2 expression at the level of transcription through 

HCV-induced oxidative stress and subsequent activation of NF-kB (Cheng et al., 2004). The 

positive correlation between COX-2 and VEGF in the noncancerous liver tissues (Tang et al., 

2005) suggests that COX-2 may also be involved in the angiogenesis in chronic liver disease 

through the VEGF pathway.  

3.13 Steatosis 

 Liver steatosis is the accumulation of triglycerides in Hepatocytes and is a frequent 

histological finding of CHC,  detected in 30%-70% of HCV patients (Gerber and Krawczynski, 

1992) and has been associated with worsening  fibrosis, probability of response to the interferon 

therapy and the risk of developing HCC (Westin et al., 2002). Liver steatosis can develop 

secondary to obesity, diabetes mellitus, alcohol abuse, protein malnutrition, acute starvation, 

drug therapy, carbohydrate overload and chronic hepatitis C infection (Sanyal, 2002). In CHC 

patients the prevalence of steatosis ranges from 40% to 80 % (mean 55%) and such prevalence 
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are two to three times higher than observed in other liver diseases i.e. 26% in hepatitis B and 

17% in autoimmune liver diseases (Bach et al., 1992; Lonardo et al., 2006). Epidemiological 

studies revealed that the prevalence of HCV-related steatosis is 2.5 times higher than non 

alcoholic fatty liver disease (NAFLD) and CHC. The majority of patients with steatosis (78%) 

have mild steatosis affecting less than 30% of Hepatocytes (Nergo, 2006) but in chronic HCV 

infection and in prolonged cases of steatosis it leads to HCC and fibrosis.  

3.14 Factors affecting steatosis in chronic hepatitis C patients 

 Various studies have shown that both host and viral factors may contribute to the 

development of steatosis with the relative importance of each varying with HCV genotype 

(Monto et al., 2002). Patients with HCV infection may have coexisting obesity, diabetes 

mellitus, alcohol abuse etc., which contribute to the development of fatty liver. Host factors 

which are responsible for the development of steatosis are alcohol consumption, over weight, 

hyperlipidaemia, diabetes and IR while the viral factor for steatosis is HCV genotype 3 and its 

structural genes (Core and NS5). Some specific host genetic polymorphism may also play a role 

in the pathogenesis of steatosis. Hyperhomocysteinemia induces the ER stress which causes the 

deregulation of the endogenous sterol response pathway through SREBP, leading to increased 

hepatic biosynthesis and uptake cholesterol and triglycerides this in turn leads to steatosis 

(Adinolfi et al., 2005). Decreased apolipoprotein B (ApoB) concentration considered to be an 

independent risk factor of severity of steatosis in HCV genotype 3 patients (Serfaty et al., 2001) 

and disappearance of steatosis correlates with the normalization of ApoB and cholesterol level 

(Poynard et al., 2003). These interesting findings lead to the perception that steatosis is viral or 

cytopathic in genotype 3 and metabolic in non-genotype 3 patients.  
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3.15 HCV induced steatosis 

 The presence of steatosis is more frequent in liver biopsy of  HCV patients than to other 

hepatocellular infections and disease like autoimmune hepatitis and hepatitis B (Hwang  et al., 

2001) and the prevalence of steatosis is higher in HCV patients as compared to general 

population (Lonardo et al., 2006). These observations suggest that steatosis is more frequent in 

HCV patients and more sever in HCV genotype 3 patients due to presence of steatogenic 

sequences within the genome of this genotype (Mihm et al., 1997). Rubbia-Brandt et al in 2000 

demonstrated that the severity of steatosis in HCV genotype 3 patients is directly linked to the 

burden of HCV RNA load in the liver and this association between the HCV viral load and 

severity of steatosis has not been observed in other HCV genotypes (Hezode et al., 2004). Other 

investigators also noted that steatosis which was initially present in HCV patients with genotype 

3 infection can be improved after a sustained virological response (SVR) by treatment with 

pegylated interferon α  and ribavirin (Kumar et al., 2002; Putton  et al., 2004). 

3.16 Mechanism of HCV induced steatosis 

  The mechanism of triglycerides accumulation by HCV is multifactorial (Nergo F, 2006). 

Lipid metabolism and signaling can be interfered by HCV at three levels:  firstly, by impaired 

lipoprotein secretion secondly, by increase lipogenesis and thirdly, by impaired fatty acids 

degradation. Impaired secretion of lipoproteins from infected hepatocytes was the first 

mechanism proposes to explain HCV- induced steatosis. In several studies both cell culture and 

transgenic mouse models have been used to investigate whether the HCV Core protein is 

sufficient to induce lipid accumulation in liver (Barba et al., 1997). The HCV Core protein is 

localized on the surface of lipid droplets, although these models used for genotype-1 derived 

constructs but recently it has been reported that genotype 3 is more efficient in fat accumulation 
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in hepatocytes. The genotype 3 Core protein expression results in about 3-foold fat accumulation 

with respect to genotype 1 (Abid et al., 2005). According to clinical data based on the 

experimental model of transgenic mouse, the HCV Core protein has been shown to inhibit 

microsomal triglyceride transfer protein (MTP) activity (Perlemuter  et al., 2002), this enzyme 

plays key, rate limiting role in VLDL assembly, and its inhibition results the accumulation of 

triglycerides that is steatosis. Previous data in human liver suggest that MTP mRNA level is 

reduced in the liver of chronic HCV patients, particularly in genotype 3 patients with steatosis 

(Mirandola et al., 2006). HCV Core and NS proteins also up regulate SREBP-1c signaling 

pathway (Su et al., 2002; Waris et al., 2007). In nucleus SREBP-1c transcription activates 

enzymes acetyl CoA carboxylase (ACC), fatty acid synthase  (FAS) and sterol CoA 

dehydrogenase4 (SCD4) which are required for lipogenesis (Horton et al., 2002) which  favors 

the production of saturated and monosaturated fatty acid and intracellular accumulation of 

triglycerides.  
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Figure 3.3: Pathway of HCV induces steatosis.  

HCV contributes to hepatocarcinogenesis and steatosis by modulating intracellular metabolism 

and signaling. HCV Core protein down regulates the Adiponectin receptors which further 

reduced  PPAR-α  and up regulates JNK, AP-1 and Cyclin D1 that results in activation of cell 

growth signaling which induce HCC. On the other hand down regulation of adiponectin receptor 

also activates hepatic cells HSC due to which net collagen synthesis increases and it lead to 

fibrosis and HCC. Adipo R2 catalyzes a reaction in which AMPK is converted into acetyl CoA.  

Acetyl CoA is converted into Malonyl Co-A by ACC, increases in malonyl CoA and inhibition 

of CPT-1 results in decrease β-oxidation which cause steatosis. Moreover, Adiponectin receptors 

displayed significant association with PEPCK. HMGR catalyzes the reduction of HMGR CoA to 

mevalonate which further converted to cholesterol. Regulation of cholesterol and LDL is 

controlled by LDL- receptor.                                    
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3.17 Role of host genes in the pathogenesis of steatosis 

3.17.1 Adiponectin and its receptors 

 Adiponectine is a 30 kDa, insulin-sensitizing, soluble matrix protein abundantly 

expressed in white adipose tissue (Maeda et al., 1996). Adiponectine improves hepatic insulin 

sensitivity, decrease lipid accumulation in macrophages and has anti-inflammatory properties 

such as induction of interleukin 10 (Yokota et al., 2000; Wolf, et al., 2004). In mice 

administration of adiponectine reduced hepatomegaly, steatosis and attenuate inflammation (Xu 

et al, 2003). Adiponectine is reported to exert its action by its two receptors Adipo R1 

(Adiponectine receptor1) and Adipo R2. In mice Adipo R1 is expressed abundantly in skeletal 

muscles while Adipo R2 is considered as a primary transcript in liver (Yamauchi et al., 2003). 

The expression of both receptors have been reported to be regulated by insulin in animal models 

and cell culture system (Tuschida et al., 2004) but the role of these receptors in human liver 

disease is unclear. Moreover, HCV Core protein may provoke steatosis and adiponectin 

production. Adiponectin is considered to protect hepatocytes from triglycerides accumulation by 

increasing β-oxidation of FFA and/or decreasing denovo FFA production in hepatocytes (You et 

al, 2005). 

3.17.2 ACC  

  ACC is a biotin-containing, complex multifunctional enzyme system. ACC catalyzes the 

synthesis of malonyl-CoA, which is both an intermediate in fatty acid synthesis and an allosteric 

inhibitor of carnitine palmitoyltransferase-1 (CPT-1) (Munday, 2002). CPT-1 regulates the 

transfer of long-chain acyl-CoAs from the cytosol into the mitochondria, where they are 

oxidized. Malonyl-CoA is therefore a key physiological regulator of both fatty acid synthesis 

(Wakil et al., 1983) and oxidation (McGarry and Brown, 1933 



 

 33

97). Enzymatic activity of ACC1 is  

3.17.3 FAS  

 FAS is a mutifactorial protein that directly linked to intracellular lipid synthesis. It plays 

a central role in triglyceride accumulation in the liver cells by catalyzing reaction of acetyl CoA 

and malonyl CoA into saturated fatty acid i.e. palmitic acid (C16:0)  which further converted to 

triglycerides after esterification (Semenkovich, 1997). FAS expression is also positively 

regulated by SREBP-1c (Shimano 2001; Kohjima et al., 2007). It has been reported that 

alteration in SREBP-1-FAS pathway can result in disease such as steatosis and diabetes (Horton 

et al., 2002). Candice Jackel and colleagues, (2007) in their studies demonstrated that expression 

of HCV 3a Core protein resulted insignificantly stronger up-regulation of FAS promoter than 1b-

Core and phenylalanine encode by HCV-3a Core protein is responsible for up regulation of FAS 

promoter activity.  

3.17.4 PEPCK 2   

 PEPCK is a key enzyme of gluconeogenesis in the liver and PEPCK gene encodes a 

member of the phosphoenolpyruvate carboxykinase (GTP) family. Hepatic PEPCK gene 

expression is normally suppressed by insulin but in case of hepatic IR suppression releases and 

PEPCK gene expression increases. Adipo R1 and Adipo R2 displayed significant association 

with hepatic PEPCK gene expression. Adipo R2 is negatively associated with PEPCK (Jonsson, 

et al., 2005). 

3.17.5 HMGR   

 The liver is an important site for cholesterol synthesis which is controlled by the 

microsomal enzyme HMGR. This enzyme catalyzes the reduction of HMGR CoA to mevalonate, 

a rate limiting step in the synthesis of cholesterol and nonsterol isoprenoids (Goldstein and 
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Brown, 1990). Regulation of HMGR activity is the primary means for controlling the level of 

cholesterol biosynthesis. Morbidity obesity is also associated with increased mRNA level of 

HMGR (Stahlberg et al., 1997).  

3.17.6 LDL- R  

 The liver is a key element in the control of plasma cholesterol, which is largely 

determined by the rate of removal of LDLs from the circulation, regulated by hepatic LDLRs 

(Myant, 1990, Brown, 1986). The mechanism by which HCV binds to and enters cells appears to 

be complex (Agnello et al., 1999). Several cellular receptors have been proposed as mediating 

the entry of HCV into cells, namely the CD81 receptor (Pileri et al., 1998), the scavenger 

receptor class B type I receptor (Scarselli et al., 2002), and the LDL-R (Monazahian et al., 

1999). The LDL-R is an endocytic receptor that transports lipoproteins, mainly the cholesterol-

rich lipoprotein LDL, into cells through receptor-mediated endocytosis (Chung, 2004, Nykjaer, 

2002). It has been suggested that HCV might enter the cells via the LDL-R (Monazahian et al., 

1999, Agnello et al., 1999). The binding of low density HCV particles correlated with the extent 

of the LDL-R at the cell surface (Wunschmann et al., 2000). Perlemuter and colleagues (2002) 

demonstrated that hepatic over expression of HCV Core protein interferes with the hepatic 

assembly and secretion of VLDL and inhibits MTP activity. These data show that the effect of 

HCV Core protein on liver VLDL assembly and secretion is the result of marked reduction of 

MTP function (Brown and Goldstein 1986). On the basis of in vitro studies, the hypothesis can 

be made that one of the crucial parameters for viral entry is the LDL-R at the cell surface of 

hepatocytes (Agnello et al., 1999 and Molina et al., 2007). 
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3.17.7 SREBP 

 It has been suggested that fatty acids synthesis rates are increased in the IR liver. The 

mechanism of lipogenesis is mediated by membrane bound transcription factor called SREBP-1c 

(Shimmomura et al., 1997, Forotz et al., 1999). SREBP-1c, belongs to the basic helix-loop-helix-

leucine zipper family of transcription factors (Brown and Goldstein 1997) Horton  and 

colleagues in 2002  demonstrated that SREBP in nucleus, trsncriptionally activates the all genes 

involved in lipogenesis and over expression of these protein in transgenic mouse liver causes the 

development of fatty liver by increasing lipogenesis (Shimano et al., 1997). The role of SREBP-

1c to accumulate triglycerides in IR liver of ob/ob mice has been observed (Halaas et al., 1995). 

It has also been found that in the liver of ob/ob mice inactivation of this gene results 

approximately 50 percent reduction in triglycerides accumulation (Yahagi et al., 2002) which 

shows that SREBP plays an important role in the development of hepatic steatosis in insulin 

resistance animal models. SREBP up regulate the enzymes ACC, FAS which are involved in 

lipogenesis.  

3.17.8 PPAR-α  

 PPARα is the member of nuclear hormone receptor super family that is required for the 

differentiation of normal adipocytes cells (Tontonoz et al., 1994). Major function of nuclear 

transcription factor PPARα is to control fatty acid oxidation and activation. PPARα deficiency 

results in defective fatty acid oxidation in the liver (Leone et al., 1999; Kersten et al., 1999). 

Transfection of liver cells with HCV Core protein leads to reduce expression of PPAR-α, which 

further down regulates the several genes involved in fatty acid oxidation (Cheng et al., 2005) 

namely: AOX (acyl Co A oxidase) and CPT-1 which are rate limiting enzyme of mitochondrial 

ß-oxidation (Tsutsumi  et al., 2002). PPARα mRNA expression was found to be significantly 
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reduced in the liver of chronic HCV patients particularly infected with genotype 3 as compared 

to HCV genotype 1 (De Gottardi  et al., 2006, Dharancy  et al., 2005). PPAR-α play an 

important role in steatosis development with the occurrence of mitochondrial dysfunction which 

is provoked by Core protein.  

3.18  HCV induced oxidative stress and steatosis lead to HCC: 
 

 Oxidative stress and steatosis is supposed to play a pivotal role in the development of 

liver injury or HCC in chronic HCV infection (Farinati et al., 1995 and Moriya et al., 2001). It 

has been reported that HCV genotype 3a is mostly involved in oxidative stress and HCV induced 

steatosis (Rubbia-Brandt et al., 2000), which both contributes in the development of HCC 

(Moriya et al., 1998; Hope et al., 2002; Lerat et al., 2002).  Studies have shown the occurrence 

of oxidation stress and lipid peroxidation in CHC patients leads to HCC (Emerit et al., 2000 and 

DeMaria et al., 1996).  HCC is one of the most common causes of malignancy-related death in 

Africa and Asia (Koga, 2003). The role of oxidative stress in the progression of chronic hepatitis 

and hepatocarcinogenesis is greater in hepatitis C than in other types of hepatitis such as hepatitis 

B or autoimmune hepatitis. The additive effects of oxidative stress caused by the inflammatory 

process and that induced by HCV proteins may, furthermore, exert synergistic effects with 

alterations in intracellular signaling systems such as MAPK, which are also induced by HCV 

proteins. These synergistic effects may be responsible for rare characteristics, that is, the high 

incidence and multicentric nature of hepatocarcinogenesis in HCV infection. According to other 

proposed mechanism HCV Core and NS proteins may accumulate ROS which results in the 

peroxidation of membrane lipids and structural proteins, which are involved in the trafficking 

and secretion apparatuses, which block the VLDL secretion and causes mitochondrial 

dysfunction, DNA and cellular protein damage and further aggravate oxidative stress (Lerat et 
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al., 2002). ROS production causes kupffer cells bursting which results in release of cytokines: 

TNFα, IL6 and IL8 (Sheikh, et al., 2008). TNFα down regulate the adiponectine thus, inducing 

IR and steatosis. 

 In human HCV genotype 3, which is most common in Pakistan, is more commonly 

associated with steatosis (Abid et al., 2005). HCV induced Steatosis and oxidative stress is the 

most frequent cause of abnormal liver function. The Core protein was found to have a variety of 

actions, including the induction of oxidative stress and accumulation of lipids, in cultured cells 

and transgenic mice (Moriya et al., 2001: Okuda, et al., 2002). An increased ROS production 

and increased levels of intrahepatic peroxide lipids was observed in the Core gene transgenic 

mice as compare to control mice also show increased oxidative stress.  Increased ROS 

production has been reported due to ß-oxidation in the mitochondria and peroxisomes or the 

metabolism of fatty acids by cytochrome P450 2E1 (CYP2E1) in microsomes is promoted under 

an excessive load of fatty acids (Day and James .1998: Weltman et al., 1998). In HCV infection 

intrahepatic fat accumulation possibly increases ROS production as in HCV induced steatosis. 

Because hepatic steatosis in chronic hepatitis C was reported to be a cause for disease 

development (Czaja et al., 1998) increased oxidative stress related with hepatic steatosis is most 

probably involved in disease progression. Oxidative stress markers, 8-Hydroxy deoxyguanosine 

(8-OHdG) and peroxylipids were found to be decreased in PPAR-α KO Core gene transgenic 

mice which contributes to increased production of oxidative stress (Moriya et al., 2001). HCV 

Core protein down regulates the adiponectine receptor which further down regulates PPAR and 

up regulates JNK, AP-1 and cyclin D1 which results in, activation of cell growth signaling leads 

to HCC. On the other hand down regulation of adiponectine receptor also activates hepatic cells 

HSC due to which net collagen synthesis increases which lead to fibrosis and HCC.  
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3.19 HCV and disease progression 

 HCV can leads to IR, fibrosis, liver cirrhosis and steatosis in a substantial number of 

patients (Pekow et al., 2007; Bieche et al., 2005). Some studies showed that steatosis is more 

associated with fibrosis progression in HCV patients infected with genotype 3 i.e. patients with 

viral induced steatosis (Westin et al., 2002; Rubbia-Brandt et al., 2004). Other studies showed 

that metabolic steatosis is significantly associated with more sever fibrosis (Patton et al 2004, 

Hezode et al., 2003). High level of TNF-α in CHC patient has been shown to induce IR in 

cultural cells and animal models (Hales et al., 2001, Uysal et al., 1997). Several studies reveal 

that IR is associated with non-alcoholic steatohepoatitis (NASH) and is also associated with a 

high risk of HCC that means IR increases the risk of chronic liver diseases and HCC. Moriya and 

colleagues showed that transgenic expression of Core protein leads to extensive steatosis, 

increased oxidative stress, mitochondrial injury and HCC in aging mice (Moriya et al., 1998).   

3.20  Apoptosis  
 

 Apoptosis, also known as programmed cell death, is a tightly regulated intracellular 

process that eliminates unwanted or potentially harmful cells and results in minimal 

inflammation and leakage of intracellular components (Bantel et al., 2003). Apoptosis is defined 

morphologically on the basis of cellular rounding up, cytoplasm shrinkage (pyknosis), chromatin 

condensation, and nuclear fragmentation (karyorrhexis). Effectors caspase (proteases that cleave 

at aspartate residues) activation is required for the above mentioned morphology. Suffice it to 

say that in the liver, morphologically observed cell death can be apoptotic or necrotic or a 

combination of the two. It is conceivable that on a cellular basis necrosis in the liver is the result 

of deregulated apoptosis. Hepatocytes are the most numerous cell types in the liver, and their 
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apoptosis is prominent in liver injury (Feldstein et al., 2003; Natori et al., 2003; Papakyriakou et 

al., 2002; Natori et a l., 1999). 

 3.21 Apoptotic pathway 

 Activation of apoptosis occurs externally via the ligation of cell-surface receptors or 

intracellular through the activation of mitochondrial proteins. These pathways converge into a 

common apoptotic pathway at the point at which the cascade of caspase enzymes is activated. At 

this juncture, intracellular components are degraded and DNA-degrading enzymes activated. 

Ultimately, cells are broken down into small apoptotic bodies that are disposed of by phagocytes 

(Bantel et al., 2003). The intrinsic pathway is triggered by extra- or intracellular signals, 

including DNA damage, oxidative stress, growth factor deprivation and viral proteins 

(Guicciardi et al., 2005; Jin et al., 2005). These stress signals activate pro apoptotic members of 

the Bcl-2 family such as Bax, Bak and Bid, thereby increasing the permeability of the outer 

mitochondrial membrane. As a result, mitochondrial proteins, such as cytochrome c released 

from the mitochondria, binds to apoptotic protease activating factor-1 (Apaf-1) forming a 

complex in the presence of ATP, which is known as the apoptosome. Procaspase-9 is recruited to 

the apoptosome and converted into the active caspase-9 through oligomerisation, resulting in the 

activation of caspase-3, caspase-6 and caspase-7, and subsequent cell death (Porter et al., 1999). 

The extrinsic pathway is initiated at the plasma membrane where death ligand interactions are 

responsible for the recruitment of adaptor proteins such as Fas-associated death domain protein 

(FADD) and caspase-8 and caspase-10, resulting in the formation of the death-inducing signal 

complex (DISC). Activation of caspase-8 and caspase-10 in turn activate caspase-3, causing cell 

death (Porter et al., 1999). 
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 3.22  Caspases and their biological functions 

  In mammals, the function and regulation of Caspase in cell death is complex, 

nonetheless, caspase-2, -8, -9 and-10 are thought to be the initiator Caspase, whereas caspase-3, 

and to a lesser extent caspase-6 and -7, serve as effecter Caspase (Muzio et al., 1996; 

varfolomeev et al., 1998). Caspase-8 is the key initiator of death receptor-mediated apoptosis 

(Fuentes et al., 2004 Degterev et al., 2003). Caspase-8 is an essential component of the extrinsic 

cell death pathways. In response to the activation of the death receptors of the TNF family, 

caspase-8 is recruited to the DISC via binding to the adaptor protein FADD (Muzio et al., 1996). 

This recruitment results in caspase-8 activation and cell death (Varfolomeev et al., 1998). 

Caspase-3 is the main downstream effecter caspase that cleaves the majority of the cellular 

substrates in apoptotic cells. It is activated following cleavage by caspase-8 Activation of 

apoptosis occurs externally via the ligation of cell-surface receptors or intracellular through the 

activation of mitochondrial proteins (Porter et al., 1999). Derangements in apoptosis of liver 

cells are mechanistically important in the pathogenesis of end stage liver disease. Vulnerable 

hepatocytes can undergo apoptosis via an extrinsic, death receptor–mediated pathway, or 

alternatively intracellular stress can activate the intrinsic pathway of apoptosis. If this killing 

process works adequately, it is beneficial for the organism and may lead to elimination of virus-

infected cells. However, deregulation of this system might result in liver damage. Persistent 

apoptosis is a feature of chronic liver diseases, and massive apoptosis is a feature of acute liver 

diseases (Malhi and Gores, 2008). 

3.23 Chronic viral hepatitis and apoptosis 

 HCV influences apoptosis mediated by both external and internal pathways. Apoptosis of 

hepatocytes has been shown to occur in patients chronically infected with HCV (Bantel et al., 
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2003). Bantel and colleagues identified a caspase cleavage epitope of cytokeratin-18 (CK-18) the 

major intermediate filament in hepatocytes in HCV-infected patients. Levels of CK-18 cleavage 

products in serum and liver biopsy specimens were increased in HCV infected patients compared 

with uninfected controls, indicating that caspase activation occurs in HCV-infected patients. 

Hepatocytes are subjected to a high rate of cell injury and destruction owing to the continuous 

intrahepatic inflammation caused by chronic HCV infection. Apoptosis has been shown to play a 

role in this HCV-mediated liver damage through the induction of apoptotic pathways, primarily 

as a result of host immune responses and also, to some extent, by HCV viral proteins. Enhanced 

apoptosis of hepatocytes has been described during chronic HCV infection and correlates with 

the degree of liver damage (Bantel et al., 2001). An increase in caspase activation has also been 

demonstrated in the HCV-infected liver (Bantel et al., 2001). Previous studies have shown that 

caspase-3-knockout mice are largely resistant to liver damage and suppression of hepatic injury 

using caspase inhibitors has been achieved (Rouquet et al., 1996).  

3.24 HCV genes and apoptosis   

 Viral proteins interfere with the cellular apoptotic signaling pathway and block key 

cellular elements of the host cell. Until recently, the lack of an infectious HCV tissue culture 

system did not allow studying the impact of HCV infection on hepatocyte apoptosis. Overall, the 

data regarding the role of different HCV proteins are controversial and ascribe to a given viral 

protein pro- and anti-apoptotic effects, depending on the experimental system used. Further, 

HCV is genetically highly variable and exists as quasispecies in a given patient. Different pro- 

and anti-apoptotic effects of the HCV Core protein from an individual patient have been 

described (Pavio, et al., 2005) suggesting special properties of different quasispecies proteins. 

These protein differences may explain in part the different effects of viral proteins on apoptosis. 
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Studies of the contribution of genotypes or quasispecies to the effects on apoptosis are largely 

missing. Further, experiments designed to study the impact of HCV infection on hepatocyte 

apoptosis must also consider the interactions between the different HCV proteins.  

3.24.1 HCV Core protein and apoptosis 

 It is the first HCV protein to be expressed in the hepatocyte after infection. Multiple 

molecular interactions between Core protein and components of the apoptotic machinery have 

been found (Bantel et al., 2003). The Core protein has affect on various cellular signaling 

pathways (Lai and Ware 2000) and activates different promoters, e.g., c-myc, c-fos (Ray et., al 

1998; Ray et al., 1995; Ray et al., 1997). It has pro- and anti-apoptotic effects in death ligand-

mediated hepatocyte apoptosis. Core-dependent inhibition of TNF-α-(Ray et al., 1998) and 

CD95 ligand- induced apoptosis has been described in a hepatoma cell line (Ruggieri et al., 

1997). Transgenic mice expressing HCV Core protein, E1, E2 and NS2, respectively. HCV Core 

protein inhibits CD95 ligand-mediated apoptosis by prevention of cytochrome C release from 

mitochondria and consecutive activation of caspase-9, -3 and -7 (Machida et al., 2001). Further, 

direct binding to the downstream death domain of FADD and c-FLIP shows anti-apoptotic 

effects (Saito et al., 2006). Recently, inhibition of the TGF-β-pathway by direct interaction of the 

Core protein with the DNA-binding domain of Smad3 has been demonstrated (Pavio et al., 

2005). Several studies demonstrated binding of the HCV Core protein to p53, either inhibiting or 

activating p53 with consecutive anti- or pro-apoptotic effects (Otsuka et al., 2000; Herzer et al., 

2000). In some studies apoptosis was inhibited in hepatoma through Core-dependent 

phosphorylation and activation of STAT3 that induces the anti-apoptotic bcl-XL (Otsuka et al., 

2002). Other studies showed Core-induced apoptosis through mitochondrial cytochrome C 

release and indirect activation of baxTRAIL-induced apoptosis in hepatoma cells seems 
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enhanced by Core-dependent bid-cleavage (Chou et al., 2005). Taken together, it remains 

unclear whether HCV Core protein inhibits or induces death receptor-mediated apoptosis of 

hepatocytes. 

3.24.2 HCV envelope proteins E1 and E2 involvement in apoptosis 

   In a transgenic mouse model expressing HCV proteins, CD95 ligand-mediated 

hepatocyte apoptosis is inhibited by E1, E2, NS2 and Core, respectively. The activation of 

mitochondrial apoptosis (intrinsic pathway) is involved, because release of cytochrome C and 

caspase-9, but not caspase-8 activation is inhibited. To date, the contribution of the individual 

HCV proteins was not investigated (Machida et al., 2001). In E1-expressing hepatoma cells, 

apoptosis depends on the presence of the C-terminal transmembrane domain of E1, presumably 

altering membrane permeability of E1 (Ciccaglione et al., 2001). Inhibition of TRAIL-induced 

apoptosis in hepatoma cells by E2, presumably through inhibition of mitochondrial cytochrome 

C release has been demonstrated (Lee et al., 2007) while E1 had no effect and Core did not 

counteract the anti-apoptotic effect of E2. Comparable results were obtained in Core-E1-E2 

transfected hepatoma cells or transgenic mice. In both models, Core-E1-E2 induced less 

apoptosis than Core-transfectedcells/transgenic mice and controls, respectively (Kamegaya et al., 

2005). By contrast, E2 induces mitochondria-related and caspase-dependent apoptosis in the 

same hepatoma cell line (Chiou et al., 2006). These controversial data may reflect the use of 

different promoters that overexpress E2, while at the same time, the HCV genotype or the 

individual sequence of E2 have not been considered. Therefore, it still remains unclear whether 

HCV E1 has apoptosis-modulating activity in vivo, and whether HCV E2 acts anti- or pro-

apoptotic. Previous studies have shown that caspase-3-knockout mice are largely resistant to 

liver damage (Woo et al., 1999).  Studies of Caspase was better option for investigating 
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apoptosis in HCV infection as DNA fragmentation is recognized as a late event in apoptosis, 

whereas caspase activation occurs earlier than DNA cleavage. It has been also found that some 

forms of apoptotic cell death, even in hepatocytes, are not always associated with DNA 

fragmentation.  The importance of Caspase is underscored by studies with pharmacologic 

caspase inhibitors, which potently suppressed experimental hepatitis. Very few studies have been 

undertaken with respect to the genotype 3a and further studies are needed in this connection so as 

to fully expose the mystery of the resistance phenomenon in HCV 3a, which is most prevalent 

genotype in South-East Asia particularly in Pakistan. 

3.25 Huh-7 model cell culture systems   

 Up to now, the HCV life-cycle and host-virus interactions have been difficult to 

investigate because of inefficient cell culture and a scarcity of small animal models. Lack of 

these models has hampered both research on HCV function and the development of therapeutic 

measures for HCV infection. Despite these difficulties, in 1999 Wakita and colleagues 

transfected an HCV genotype 2a clone isolated from a Japanese patient with fulminant hepatitis 

C, designated JFH-1 (for Japanese fulminant hepatitis), into human hepatoma derived Huh-7 

cells leading to production of virus (designated HCVcc for cell-culture-derived HCV) that was 

infectious for naïve Huh-7 cells. Recent introduction of cDNA expression system and 

subgenomic replicons have allowed researchers to study various aspects of the viral life cycle 

(Kolykhalov et al., 1997; Lohmann et al., 1999). Owing to the development of the infectious 

system, there is rapid progress in understanding previously unexplored steps of the HCV 

lifecycle including viral entry, genome packaging, virion assembly, maturation and release. 

Transgenic mice carrying cDNA of the entire coding region of HCV genome have been 

generated, but in this model replication of the virus do not take place (Darnell, 1997; Krebs and 
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Hilton, 2001).  Guha et al., 2005 reported that in vitro cell culture models can at best 

demonstrate the infectivity of the virus and be used in evaluating drugs for antiviral activity or 

inhibition of HCV infection. Because primary hepatocytes are difficult to grow in cultures, some 

researchers have attempted to infect immortalized hepatocytes and hepatoma cell lines. Ikeda 

and colleagues in 1997 used PH5CH immortalized hepatocytes cell line, to assess the infectivity 

of HCV positive sera and detected viral RNA for at least 30days after post infection. Recently 

different groups have studied HCV replication in serum infected liver cell lines for the study of 

different HCV genotypes which mimics the naturally occurring HCV virions biology and 

kinetics of HCV infection in humans (El-Awardy et al., 2006; Lazaro et al., 2007; Molina et al., 

2008; Buck, 2008). Moreover, HepG2 cell line supports HCV infection and replication in vitro, 

also these cells are capable of shedding viral particles into culture media which in turn become 

infectious to uninfected cells (El-Awardy et al., 2006). Huh-7 was selected cells as cell culture 

model system for the transient transfection and viral load analysis. Huh-7 cells have been used as 

model cell culture systems to study mechanisms of HCV associated hepatocarcinogensis by 

several investigators using either transient transfection or generating stably transfected cell lines 

(Suzuki,et al.,2007; Zekri et al. 2009; Wenjun et al., 2009, Sun et al., 2004). 

 3.26 RNA interference 

  RNAi is a sequence-specific RNA degradation process in the cytoplasm of eukaryotic 

cells that is induced by double-stranded RNA. This RNA silencing mechanism, which was first 

described in Caenorhabditis elegans and Drosophila melanogaster, has many similarities with 

post-transcriptional gene silencing in plants, and the process of quelling in Neurospora crassa 

(Hannon, 2002; Sharp, 2001). RNAi and related RNA silencing mechanisms are believed to act 

as a natural defense against incoming viruses and the expression of transposable elements (Fire 
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et al., 1998). Besides the antiviral function of RNAi, there is evidence that RNAi plays an 

important role in regulating cellular gene expression. (Szweykowska-Kulinska et al., 2003).   

3.26.1  Mechanism of silencing 

 RNAi is sequence-specific, dsRNA-mediated, post-transcriptional gene silencing 

mechanism. The process is triggered off by dsRNA precursors which are processed into siRNAs 

that vary in length from 21-23 nucleotides (nt).  ATP is required in this process which is 

mediated by different proteins in different organisms. Even though these proteins are different, 

they are all dsRNA specific RNase-III-type endonucleases. The siRNAs are consequently 

incorporated into a multiprotein complex. This complex is known as the RNA-induced silencing 

complex (RISC) after that RISC undergoes an ATP-dependent step that activates the unwinding 

of the double stranded siRNAs. This activated RISC complex is considered to use a single 

stranded siRNA, to assist in recognition of RNAs that are complementary to this single stranded 

siRNA. An endoribonuclease then cleaves this RNA, which is then considered to be degraded by 

exoribonucleases (Meister and Tuschi, 2004). 

3.26.2  Importance and applications of siRNA 

 As whole human genome have been sequenced there is need to develop significant tools 

understanding the functions of specific genes, for this reason the need for a tool like siRNA is 

important in the therapeutic applications for a number of diseases (Ullu and Tschudi, 2000). 

siRNA is away to control the development and progression of diseases earlier on in the process. 

The high specificity of siRNA to target RNA makes it an important mechanism or tool to findout 

the function of the gene (TuschI, 2001). In the laboratory setting, recent advancements have been 

done for use of RNAi within mammalian cells. RNA interference can be used to impede the 

progression of hepatitis in living mice. This holds promise for the use of RNAi as a treatment for 



 

 47

human disease (Cohen 2003). While RNAi is very useful for understanding the function of a 

gene, it cannot replace gene knockout. Though RNAi "mimics" gene knockout in that the target 

gene is not expressed, it is not like gene knockout because unlike gene knockout in which the 

gene is deleted, RNAi results in a phenocopy. This means that it copies the phenotype as a gene 

that has no function, but unlike a deletion, the RNAi effects are not inherited in offspring 

(Waksman Student Scholars 2003). Use of RNAi along with "plasmid transfection technology 

with inducible vectors" like RNA pol III plasmid systems will make it possible to silence the 

effects of genes temporarily (Callus, and Giordano 2002).   

3.26.3 siRNA as antiviral agent 

 The antiviral capacity of RNA silencing has been used as a tool to generate virus 

resistance in plants. RNA-mediated virus resistance could be obtained by expression of 

untranslatable viral coat-protein RNAs in transgenic plants (Lindbo and Dougherty, 1992). In 

analogy with RNA mediated virus resistance in plants, RNAi technology is currently being used 

to inhibit viral replication in animal cells. Promising results have been obtained with RNAi 

against several animal viruses both in in vitro and in vivo settings (Figure V, Haasnoot et al., 

2003).               
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Figure 3.4: All virus groups can potentially be targeted by RNAi (Adapted from Haasnoot et 

al., 2003). 

 RNAi-mediated virus inhibition can be induced by transfection of synthetic siRNAs or by 

intracellular expressed shRNA. The discovery of interference routes provided an alternative way 

to specifically silence RNA molecules. Several attempts have been made to develop siRNAs 

targeting highly conserved regions of the HCV genome. Some have used coding sequences for 

non-structural proteins as target sites (Kapadia et al., 2003; Kronke et al., 2004; Takigawa et 

al.,2004; Prabhu et al., 2005; Wilson et al.,2005). In all cases in which the NS5B coding protein 

sequence was targeted (Kapadia et al., 2003; Wilson et al., 2003; Kronke et al., 2004; Takigawa 

et al.,2004; Prabhu et al., 2005; Wilson et al.,2005), effective inhibition of replication (by up to 

90%) was achieved (as assessed in HCV replicon systems).  

 Moreover, reductions in the numbers of positive and negative RNA strands were 

detected. With respect to siRNAs, the observed effect was attributed to the direct degradation of 

the genomic RNA and, indirectly to a destabilization of the replication complex in which the 

HCV genome is included (Randall and Rice, 2004). The appearance of siRNAs-resistant replicon 

clones was observed by the generation of point mutations that disturbed siRNA pairing at the 

target site (Wilson and Richardson, 2005). However, this was circumvented by the combination 

of several siRNAs with different specificities. The induction of the IFN response is a 

determining factor in the blocking of viral gene expression by siRNAs, and has been extensively 

investigated (Bridge et al., 2003; Carlson et al., 2003). It has recently been reported that 

simultaneous transfection with hairpin ribozymes directed against the 3’UTR HCV region and  

siRNAs targeting the IRES domain triggers the efficient inhibition (up to 90%) of HCV 

replication in sub genomic replicon systems (Jarczak et al., 2005).  
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      MATERIALS AND METHOD 

 

4.1  Blood and biopsy sample collection: 

 Blood from patients chronically infected with HCV genotype 1a and 3a without any 

previous history of antiviral treatment were collected from the Jinnah Hospital and diagnostic 

laboratory of CAMB (Center of Applied Molecular Biology) under the provision of Institutional 

Review Board (IRB) of the Center of Excellence in Molecular Biology. The participating 

subjects gave informed consent for the collection of blood samples for this study. The estimated 

duration of infection varied from 6 years to 10 years among the patients. All patients were 

negative for HBs Ag. For normal individual’s, blood from 10 volunteers 6 male and 4 female 

having no history of any disease were taken as control. 

 Biopsy and Blood samples were collected from Jinnah hospital with prior consent of the 

patients. Two biopsy samples were taken at a time from the same patient. Sample was transferred 

to 1.5 ml eppendorf tube and immediately frozen in liquid nitrogen. Blood samples (2-3 ml) were 

collected from the HCV patients and normal subjects. 500 µl of 0.5 M EDTA (ethylene diamine 

tetra acetate) solution was mixed in each blood sample. EDTA not only prevents blood clotting 

but it also inhibits nucleases activity. The blood was immediately processed for RNA isolation. 

Serum of all patients and control subjects were also processed to determine viral genotype and 

viral load by diagnostic laboratory of CAMB (Center of Applied Molecular Biology). 
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Table 2: Normal individual / HCV Patients selected for study  

  

4.2 Source of serum samples:  

 The local HCV 3a and 1a patient’s serum samples were obtained from the CAMB 

diagnostic laboratory, Lahore, Pakistan. Serum samples were stored at -80°C prior to RNA 

extraction. For viral inoculation experiments, 1×10
8
 IU/ml viral load of genotype 1a and 3a was 

used. HCV genotypes were determined by CAMB diagnostic laboratory, Lahore, Pakistan. The 

study was approved by institutional ethic committee and Patient’s written consent was obtained. 

For normal individuals, serum from 6 male and 4 female volunteers having no history of any 

disease was taken as control. Patients that were under 18 years or above 70 years of age and 

pregnant females were excluded. The diagnosis of chronic HCV was based on elevated serum 

ALT and AST levels at least for six months, histological examination, and detection of serum 

HCV RNA anti-HCV antibodies (3
rd

 generation ELISA) were present in each patient and their 

record were maintained by CAMB diagnostic laboratories. 

 

 

 

 Total Number   Age(year)    Sex HCV titer  Genotyping 

Normal 

individual 

6 35-45 Male ---- ---- 

4 30-40 Female ---- ---- 

 

 

No of HCV 

patients 

6 40-50 Male 1-3×10
8
 1a 

12 45-50 Male 1-3×10
8
 3a 

6 40-50 Female 1-4×10
7
 1a 

6 40-50 Female 1-4×10
7
 3a 
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Table 3: HCV patients and normal individuals for serum sampling   

 No of Patients Age 

(year) 

SEX Serum titer 

(IU/mL) 

Genotyping 

Normal 

individual 

       6 35-45       M    ---- ---- 

       4 30-40        F    ---- ---- 

No of 

patients 

       6 35-50        F   166×10
6
       3a 

      12  40-50        M   150×10
6
       3a 

       6 40-50        F   115×10
5
       1a 

       8 40-50        M   643×10
5
       3a 

 

4.3 Cell line: 

 The Huh-7 cell line was kindly provided by Dr. Zafar Nawaz (Biochemistry and 

Molecular Biology Department, University of Miami, USA). 

4.4 Plasmid constructs: 

 HCV structural genes (Core E1 and E2) of genotype 1a and 3a were obtained from 

Applied and Functional genomics lab, CEMB, University of the Punjab, Lahore, Pakistan.   

4.5 Primer designing:  

 Sequences of selected human genes under study were retrieved from NCBI (National 

Center for Biotechnology Information). Sequence was then BLAT (basic local alignment tool) in 

the bioinformatics tool (www.genome.ucsc.edu). Using this tool the whole sequence intron exon 

was appeared. Primer pairs were designed after preliminary analysis of specific genes of human 

through bioinformatics tool (www.expasy.ch). To avoid genomic DNA contamination only the 

sequence from exons was used for primer designing. The sequence from two exons was placed 

into other tool i.e. (www.primer3) for primer designing. 
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Table 4: Primers used for expression analysis of oxidative stress related genes 

 

 

 

 

 

 

 

 

 

Table 5: Primers used for expression analysis of steatosis related genes: 

 

 

 

 

 

 

 

 

 

 

 

  

No     Gene                Primer 
GC 

(%) 

Product 

Size 

 

1 
Core 1a-R GGGGAGAC AGGAGCCATC 55 

500bp Core 3a-F GGACGACGATGACAAGGACT 50 

Core 3a-R GGCTGTGACCGTTCAGAAGT 60 

 

2 
COX-2-F AACCCACTCCAAACACAG 55 

700bp 
COX-2-R CTGGCCCTCGCTTAT GATCT 60 

 

3 
iNOS-F CACCTTGGAGTTCACCCAGT 50 

650bp 
iNOS-R ACCA CTCGTACTTGGGATGC 50 

 

4 
Akt-F GCTGGACGATAGCT TGGA 45 

400 
Akt-R GATGACAGATAGCTGGTG 45 

 

5 
GAPDH-F ACCACAGTCCATGCCATCA  45 

280 
GAPDH-R TCCACCACCCTGTTGCTGTA 50 

No     Gene                Primer 
GC 

(%) 

Product 

Size 

 

1 

Adipo R-F CAGTGGCCATTTGGACAGAA 50 
400bp 

AdipoR-R CAGAGCAAGCAAGCCTCTGA 55 

 

2 

ACC-F TGAATTCCTCCCATCCAGAG        50 
500bp 

ACC-R GGTCACCACAGTCCAGTCCT   60 

 

3 

FAS-F CGAGAGCACCTTTGATGACATC 55 
700bp 

FAS-R AGCAGGTCTATGAGGCCTATCTG 60 

 

4 

HMGR-F GGCATTTGACAGCACTAGCA 50 
650bp 

HMGR-R CTTTGCATGCTCCTTGAACA 50 

 

5 

SREBP-F GCCATGGATTGCACTTT 45 
400bp 

SREBP-R CAAGAGAGGAGCTCAATG 45 

 

6 

PPAR-F GAAATGACCATGGTTGAC 45 
280bp 

PPAR-R CCGCTAGTACAAGTCCTTGTA 50 

 

7 

PEPCK-F AGCTGGCAACATGGAGTCTT 50 
800bp 

PEPCK-R CTTCCGGAACCAGTTGACAT 55 
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Table 6: Primers used for expression analysis of apoptosis: 

 

  

 

 

 

 

 

 

 

 

 

 

4.6 Following criteria was considered during primer designing. 

  GC rich content was kept close to 50% and length of primer was 20-22 nucleotides. 

Primers have minimal complementarities to each other in order to avoid primer dimmer 

formation  

Primers for transfection confirmation of Core, E1, E2 and P7 were taken from Applied and 

Functional Genomics lab, CEMB and primers for cellular genes expression analysis were 

synthesized from sequencing lab of the CEMB. 

4.7 Primer dilution: 

 Primers were diluted to 1µg/µl stock and these stocks were further diluted 10pm/µl stock 

used for all further PCR experiments. The reactions were set in 0.2ml PCR tube. 

No     Gene                Primer 
GC 

(%) 

Product 

Size 

1 

Cap 3-F  ATGGAAGCGAATCAATGGAC  45  
400bp 

Cap3-R   GCCATGTCATCATCAACACC  50 

2 

Cap6-F AATTGCACTTGGGTCTTTGC 55 
500bp 

Cap6-R  CACCTGCGCAGATAGAGACA 60 

3 

Cap7- F GGCTCAGGAAGACACACACA 55 
700bp 

Cap7- R AGTGACAGGTATGGGCGTTC 60 

4 

Cap 8-F   TATGGCACTGATGGACAGGA 50 
650bp 

Cap8-R   GCAGAAAGTCAGCCTCATCC    50 

5 

Cap9-F  ATGTCGTCCAGGGTCTCAAC 50 
400bp 

Cap9-R GGAAACTGTGAACGGCTCAT 60 

 

6 

Cyt-F  ATTGGCGGCTGTGTAAGAGT 55 
484 

Cyt-R  CTGTCTACGGCACAGATGGA 55 

7 

Bid-F CCAGCATGGTCTTCTCCTTC 45 
232 

Bid-R GTGTTTGGCTTCCTCCAAAG 45 

8 

Cap10- F AGTGACAGGTATGGGCGTTC 55 
280bp 

Cap10- R GCAGCACCTCAACTGTACCA 50 
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4.8 Optimization of primer amplification condition 

 Primers received, diluted and optimized for optimum reaction conditions of temperature, 

Mg concentration, buffer and dNTPs. These optimum conditions were then used in the 

experiment. 

4.9 Kits 

• Revertaid minus Strand cDNA synthesis Kit Fermentas 

• Gentra Pure script® RNA Isolation Kit  

• Ambion Silencer siRNA construction kit 

• Trizole Reagent 

• MTT assay kit 

• Bitrack Amershm PGE2 ELISA Kit 

•     HCV Real-TM Quant SC (Cepheid) kit 

4.10 Cell culture: 

 The human hepatoma cell line Huh-7  (a well differentiated hepatocellular carcinoma cell 

line derived from a 57 year old Japanese male) was routinely grown in high glucose Dulbecco’s 

modified eagle medium (DMEM) supplemented with 100µg/ml penicillin, 100µg/ml 

streptomycin and 10% fetal bovine serum (FBS) (Sigma Aldrich, USA) at 37°C with 5% CO2. 

4.11 Cell splitting and plating: 

 Huh-7 cell line grown in DMEM supplemented with appropriate antibiotic, and 10% 

FBS was splited and plated for transfection. Medium (DMEM+10%FBS+ antibiotic), trypsin 

EDTA (Invitrogen life technologies, CA), and 1XPBS was incubated at 37
o
C for half an hour 

before use. The media of the cultured cells was removed from the flasks, washed with 5ml of 

1XPBS and then 3ml of trypsin EDTA was added to dislodge the cells and placed at 37
o
C for 3-
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5min. Then 5ml of fresh DMEM (DMEM+10%FBS+antibiotic) was added to the flask to 

neutralize the trypsin EDTA, and shifted the cells with medium to culture tube and centrifuged 

for 3min at 3,000rpm. Supernatant was removed and 10ml of DMEM with antibiotic was added 

to resuspend the cells into single cell suspension (5-10 times). The exact count of cells was done 

with 50µl of the cells aliquot after mixing with equal volume of trypan blue (Sigma Aldrich, 

USA) using a haemocytometer. Approximately 5×10
4
, 2×10

5
, or 3×10

5
 cells were seeded in 24, 

12, or 6-well tissue culture plates respectively, and incubated at 37
o
C with 5% CO2 for 24hrs 

prior to transfection. 

4.12 Transfection of the Huh-7 cells with HCV structural genes  

Approximately 1×10
5
 or 5×10

5
 Huh-7 cells were seeded into 24 or 6-well tissue culture 

plates, respectively at 24hrs prior to transfection. Huh-7 cells were transiently transfected with 

and without constructed plasmids of HCV Core, E1, E2 and p7 of HCV 1a and 3a genotype in 

serum-free media using Lipofectamine™ 2000 (Invitrogen) according to the manufacturer’s 

protocol. After 6 hours incubation at 37°C in 5% CO2, cell were washed with 1x PBS and CCM 

was added to the cells. Cells were harvested at 48hrs post-transfection for genes expression 

analysis by Real-Time PCR and protein determinations. 

4.13 Synthesis of siRNA 

4.13.1 siRNA designing  

 Small interfering RNA oligonucleotides against COX-2, LDL-R, CD81 and SR-B and 

CLD genes were designed to the most conserved target region of these genes using the Ambion’s 

siRNA design tool. These were designed according to the Ambion web based criteria, using 

siRNA target finder software. Oligonucleotides were synthesized consisting of a 8-nucleotide 

leader sequence at the 5′-end, complementary to a region of target genes the T7 RNA polymerase 
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promoter, followed by 19 bases complementary to the required region of the target genes (target 

sequence), a non-complementary uridine dimer at the 3′ end (for the sense siRNA strand) and 

GC content between 30-50%. The sequences from COX-2, LDL-R, CD81 SR-B and CLD were 

searched in the Gen Bank database with known cellular genes. 

The oligonucleotides used in this study had the following sequences: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7: Sequences of siRNA used in this study 

4.13.2 siRNA construction 

 After getting the siRNA designed, the construction was done using the Silencer siRNA 

construction kit (Ambion) following the manufacturer's protocol. Briefly, the sense and antisense 

oligonucleotides for siRNA synthesis were converted to dsDNA for efficient transcription by 

No Name Sequences 

 1 Scramble-antisense AACCTGCATACGCGACTCGACCCTGTCTC 

Scramble-sense AAGTCGAGTCGCGTATGCAGGCCTGTCTC 

2 

 

COX antisense AAGAGTGGGTTTCAGAAATAACCTGTCTC 

COX sense AATTATTTCTGAAACCCACTCCCTGTCTC 

3 COX-B  antisense AAAGAAGCTGTCTTGGATTTACCTGTCTC 

COX-B  sense AATAAATCCAAGACAGCTTCTCCTGTCTC 

4 

 

CD81 antisense AAGTGCATCAAGTACCTGCTCCCTGTCTC 

CD81 sense AAGAGCAGGTACTTGATGCACCCTGTCTC 

5 CD81-B antisense AAGATGCCTACATAGAAGGTGCCTGTCTC 

CD81-B  sense AACACCTTCTATGTAGGCATCCCTGTCTC 

6 LDL antisense AAATGCATCTCCTACAAGTGGCCTGTCTC 

LDL sense AACCACTTGTAGGAGATGCATCCTGTCTC 

7 LDL-B  antisense AACTCCCGCCAAGATCAAGAACCTGTCTC 

LDL-B  sense AATTCTTGATCTTGGCGGGAGCCTGTCTC 

8 SR antisense AAGCAACATCACCTTCAACAACCTGTCTC 

SR sense AATTGTTGAAGGTGATGTTGCCCTGTCTC 

9 SR-B antisense AACATGATCAATGGAACTTCTCCTGTCTC 

SR-B sense AAAGAAGTTCCATTGATCATGCCTGTCTC 

10 CLD antisense AATCTGAGCAGCACATTGCAACCTGTCTC 

CLD sense AATTGCAATGTGCTGCTCAGACCTGTCTC 

11 CLD-B  antisense AAGGCATTTGGCTGCTGTAAGCCTGTCTC 

CLD-B  sense AACTTACAGCAGCCAAATGCCCCTGTCTC 
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hybridization with a T7 promoter primer partly complementary to the leader sequences 

incorporated at the 5′-ends of the oligonucleotides. 100 µM for each oligonucleotide was 

hybridized to 2 µl of the T7 promoter primer in the presence of dNTPs and Klenow polymerase, 

and the reaction mixture was incubated at 37 °C for 30 min to allow annealing of the T7 primer 

and extension of both T7 primer and oligonucleotide by the T7 polymerase.  

 The dsDNA templates thus generated were used for in vitro transcription in separate 

reactions using 2 µl of the dsDNA template. Transcription was carried out for 2 h at 37 °C, 

following which transcription reactions from the sense and antisense templates were combined 

and incubated at 37 °C overnight. These overhangs and the contaminating DNA were removed 

by digestion with RNAse and DNAse, respectively, at 37 °C for 1 h. The dsRNA was purified 

using silica gel columns following manufacturer's protocol. The purified siRNA was eluted in a 

new tube by centrifugation at 12,000rpm for 2min and stored at -20°C. siRNA concentration was 

determined by Nanodrop (ND-100 spectrophotometer, Optiplex, USA) at 260nm.                                             

4.14 RNA interference 

 To examine the effects of HCV Core and COX-2 genes on cellular gene expression, 

cells were transfected with Core and COX-2 specific or scrambled siRNAs. Briefly, cells were 

seeded in 24-well (1×10
5
/well) or 6-well (5×10

5
/well) plates (protein determinations) and 

cultured in CCM until they became 60-80% confluent. Cells in 24-well plates were transiently 

transfected with 10, 20, 40 µM/well of specific siRNAs (Csi27, Csi352 and COXsi either alone 

or in combination) or scrambled siRNA along with 0.4 µg of HCV Core 3a in serum free media 

using Lipofectamine™ 2000 (Invitrogen) according to the manufacturer’s protocol. After 6hrs 

incubation at 37°C in 5% CO2, CCM was added to the cells. Cells were then harvested for gene 
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expression and protein analysis after 48hrs. Protein analysis was carried out for above 

mentioned experiments in 6-well plates, 100µM/well of each siRNA was used. For HCV 

infected experiments, Huh-7 cells were seeded in 6-well plates as described above and cells 

were infected with HCV infected serum (see Viral Inoculum section for details). To analyze the 

effect of siRNA on HCV infection, serum infected Huh-7 cells were again seeded after three 

days of infection in 24 well plates and grown to 80% confluence with 2ml of standard medium, 

the cells were transfected with or without 40µM/well of Csi27 and COXsi siRNA either alone 

or in combination. Cells were harvested for gene expression analysis by Real-Time PCR and 

viral load determination after incubation treatment described in Viral Load section. 

4.15 PBMC isolation 

 For RNA isolation from the whole blood, PBMC (white blood cells) pellet was isolated 

first. For this purpose blood with anticoagulant (EDTA) was aliquoted in 1.5 ml eppendorf 

tubes and 900 µl of cell lysis solution (Gentra USA) was added to each aliquot, vortexed and 

left at room temperature for 10 minutes, then centrifuged at 1000 rpm for 1 minute at 4°C. 

PBMC formed a tight pellet at the base of the tube. The whole process was performed once 

again if RBCs (Red Blood Cells) were not completely lysed and pellet appeared red. The 

PBMC pellet was dissolved in 50 µl of the lysis solution and then proceeds to RNA extraction.  

4.15.1 RNA isolation from PBMC 

 To isolate RNA from PBMC, 500µl Trizol reagent were added in each eppendorf 

containing white pellet of PBMC and slightly shaken to get the mixture of the cells. Then 

chloroform (100µl) was added in each eppendorf tube containing 500µl Trizol reagent and cell 

mixture, shaken for 2-5 times by hand to mix then centrifuged at 13,200 rpm for 15 minutes at 
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4C°. To further proceed the upper layer containing the RNA (leaving behind the precipitated 

protein-DNA pellet) were pipette out into a clean 1.5 ml tube containing 500 µl 100% 

Isopropanol and centrifuged at 13,200 rpm for 15 minutes; the RNA visible as a small, 

translucent pellet. Supernatant was poured off and drained tube briefly on clean absorbent 

paper. 500 µl of 70% ethanol was added and inverted the tube several times to wash the RNA 

pellet and centrifuged at 13,000 rpm for 10 minutes. Carefully pour off the ethanol. The tubes 

were inverted and drained on clean absorbent paper and allowed to air dry 10-15 minutes. 

Hydration Solution (20 µl) were added to RNA pellet to dissolve it keep it on ice for 30 min 

before short spin.  

4.15.2 Isolation of total RNA from liver biopsies: 

 For expression analysis of genes involved in oxidative stress, steatosis and apoptosis 

total RNA isolation from liver biopsies was carried out using Rneasy Minikit (Qiagen USA) 

following manufacturers protocol with slight modification. 30 mg tissue was transferred to 

another eppendorf tube containing 600 µl RLT buffer and was homogenized using Ultraturrax 

homogenizer (VWR USA) for at least 1 minute. The tissue lysate was centrifuged for 3 minutes 

at maximum speed. Supernatant was transferred to a new eppendorf tube and 600 µl of 70% 

ethanol was added, and mixed immediately by pippeting. 700 µl of the sample was applied, 

including any precipitate that may have formed, to an RNeasy mini column placed in a 2 ml 

collection tube. The tube was closed gently, and centrifuged for 30 seconds at 7000 x g. 

Aliquots were loaded successively on to the RNeasy column. 700 µl of Buffer RW1 was added 

to the RNeasy column. Tubes were centrifuged for 30 seconds at 7000 x g to wash the column. 

RNeasy column was transferred in to a new 2 ml collection tube. 500 µl Buffer RPE was added 

on to the RNeasy column.  Same process was repeated once again but this time centrifuged for 
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2 minutes. The RNeasy column was placed in a new 2 ml collection tube and centrifuged at full 

speed for 1 minute to remove ethanol completely. The RNeasy column was transferred to a new 

1.5 ml collection tube. 20 µl of Rnase free water was applied directly onto the RNeasy silica-

gel membrane. The tube was closed, and centrifuged for 1 minute at 8000 x g to elute RNA. 

The same process was repeated to make final volume up to 50 µl. The eluted RNA was stored 

at -70°C until processed next stored at -70 C. 

4.15.3 RNA isolation from transfected Huh-7 cells: 

 Total RNA was extracted from the transfected Huh-7 cells using the Trizol reagent 

(Invitrogen Life sciences, CA). First of all Huh-7 cells were washed with 1X PBS before adding 

500µl Trizol and transferred to each eppendorf and slightly shaken to get the mixture of the cells. 

Then chloroform (100µl) was added in each eppendorf tube containing 500µl triode cell mixture 

and shaken for 2-5 times by hand to mix then centrifuged at 13,200 rpm for 15 minutes at 4C°. 

To further proceed the upper layer containing the RNA (leaving behind the precipitated protein-

DNA pellet) were pipette out into a clean 1.5 ml tube containing 500 µl 100% isopropanol and 

centrifuged at 13,200 rpm for 15 minutes; the RNA visible as a small, translucent pellet. 

Supernatant was poured off and drained tube briefly on clean absorbent paper. 70% ethanol was 

added 500 µl and inverted the tube several times to wash the RNA pellet and centrifuged at 

13,000 rpm for 10 minutes. Carefully pour off the ethanol. The tubes were inverted and drained 

on clean absorbent paper and allow to air dry 10-15 minutes. Hydration Solution (20 µl) was 

added to RNA pellet to dissolve it keep it on ice for 30 min before short spin.  

4.15.4 Gel electrophoresis 

 RNA sample was run on 1.2% denaturing formaldehyde agarose (FA) gel. 1µg of RNA 

sample was mixed with 2x RNA loading dye and was loaded on the gel along with RNA marker. 
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The gel was run on 100V for at least one hour. After the gel run bands were observed under U.V 

and picture was taken. Pure and intact total RNA appeared as the two bands of 28s (5 Kb) and 

18s rRNA (1.5 Kb). 

4.16 cDNA synthesis by reverse transcriptase plymerase chain reaction 

  After the RNA isolation, first strand cDNA was prepared by using Fermentas kit. 1µg of 

the template RNA and 1µl of the primer oligodT was added. Then DEPC treated water was added 

to make reaction volume as 12µl. After mixing incubated the mixture at 70
 o

C for 5 min, chilled on 

ice and spin briefly and placed the tubes on ice and added the following components:       

 After mixing the above components, mixture was incubated at 37
 o

C for 5 min. Then 1µl of the M-

mLV reverse transcriptase was added and the mixture was incubated at 42
 o

C for 60 minutes and to 

inactivate the enzyme reaction was incubated at 70
 o

C for 10 min. 

The cycling conditions for RT-PCR were as follows: 

       Hold 1                                 Temp 3: 1 cycles                                         Hold 2 

                                                    

 

 

Figure 4.1 RT-PCR thermal cycling conditions for cDNA 
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4.17 Polymerase Chain Reaction (PCR) for the expression analysis of the 

cellular genes 

 
 0.5 µl of cDNA was amplified by the regular PCR with the optimized conditions, using 

the synthesized forward and reverse gene specific primers. The reaction mixture was as 

followed: 

Table 8: Components and concentrations of PCR reaction 

 

Component Concentrations 

10X PCR Buffer 2.0µl 

MgCl2 (50mM) 1.25µl  

dNTPs (10mM) 1.0µl 

Reverse Primer (10 pm) 0.5µl 

Forward Primer (10 pm) 0.5µl 

Plasmid (50ng) 1.0µl 

Taq. DNA polymerase (2U/µl) 1.0µl 

ddH2O  up to 25.0µl 

The cycling conditions for RT-PCR were as follows: 

      Hold 1                                 Hold 3                                          Hold 2 

                                                

 

 

 

Figure 4.2: The thermal cycling conditions   
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4.17.1    Semi-quantitative RT-PCR 

           Total RNA from transfected and non-transfected cells (control) was isolated from the cells 

using Trizol reagent (Invitrogen) 48hrs post-transfection. To analyze the effect of structural 

genes (Core, E1 and E2) on cellular genes and effect of their siRNAs, the cDNA was synthesized 

with 1µg of total RNA using Superscript II cDNA synthesis kit (Invitrogen) and semi-

quantitative RT-PCR was done using Gene specific primers of GAPDH as control and HCV 

structural genes of Core, E1, E2, and cellular genes COX-2, iNOS, VEGF, Akt, for Oxidative 

stress; Adipo R2, AMPK, ACC, FAS, PEPCK2, HMGR, SREBP-1c, PPARα for steatosis and 

Caspases 3, 6, 7, 8, 9, 10, BID, CytoC and p53 for apoptosis CD81, SR-B, CLD-1 and LDL-R 

for host receptor for HCV were used. The PCR products were subjected to electrophoresis. 

4.18 Gel electrophoresis 

 After the completion of PCR reaction, DNA was resolved on 1.2% TAE agarose gel 

along with 100bp DNA size marker on the basis of molecular weight; mixing samples with 6x 

loading dye (Fermentas, USA). Gel was run at 100V for 35min until it covered the 2/3 of the 

distance. Then observed under ultra violet (U.V) light and picture was taken for further analysis 

4.19 Cellular genes expression analysis in Huh-7 cells by Real Time PCR  

 The effect of HCV structural genes and their siRNA were detected by using specific-

primers of HCV Core and cellular genes on ABI 7500 real time PCR using SYBR Green mix 

(Fermentas) according to manufacture’s instructions. Briefly, 2X SYBR Green RT-PCR Master 

Mix, template RNA, primers, and RNase-free water were thawed. After mixing the individual 

solutions, all regents were placed on ice. 
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Table 9: Components and concentrations of PCR reaction 

Component Concentrations 

cDNA  0.5µl 

Reverse Primer (10 pm) 0.5µl 

Forward Primer (10 pm) 0.5µl 

2X SYBR Green Master Mix  12.5µl 

ddH2O  up to 25.0µl 

 In the end, template cDNA of 0.5 µl were added to the individual PCR vessels containing the 

reaction mix and set the programmed of the Real-Time Cycler according to the program 

outlined. Data acquisition should be performed during the extension step. The GAPDH gene was 

used as an internal control for normalization. The relative gene expression analysis was done by 

using SDS 3.1 software provided by ABI. Each real time PCR assay was performed in triplicate. 

Level of Significance and standard error was determined by SPSS software for Windows.  

The thermal cycling conditions of ABI Real Time PCR were as follows: 

Hold1    Hold 2                                 Hold 4                                          Hold 3 

                                                      

 

  

Figure 4.3: Real Time-PCR conditions 
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4.20 Viral inoculation and co-transfection with siRNA:  

Huh-7 cell line was used to establish the in vitro replication of HCV. For cells culturing 

and viral inoculation, was used to establish the in vitro replication of HCV. For cell culturing and 

viral inoculation, we used similar protocols as established by El-Awady  et al., 2006 and Zakari 

et al 2009 (32). High viral titer > 1×10
8
 IU/ml from HCV 3a and 1a patient’s was used as 

principle Inoculum in these experiments. Huh-7 cells were maintained in 24-well culture plates, 

as described above under Cell Culture section in Materials and Methods, to semi-confluence in 

containing DMEM (Sigma Aldrich, USA) supplemented with 100µg/ml penicillin/streptomycin, 

and 10% FBS as complete culture media (CCM) (Sigma Aldrich, USA), CCM, washed twice 

with serum-free medium, then inoculated with 100 µl (1×10
7
IU/well) viral load of HCV 3a and 

1a sera and 400 µl serum free media. Cells were maintained overnight at 37°C in 5% CO2. The 

next day, adherent cells were washed three times with 1X PBS, the CCM was added and 

incubation was continued 48 hrs. Cells were harvested and viral RNA in Huh-7 cells assessed 

qualitatively by Real Time PCR. For protein expression, 500 µl (5 × 107 IU/well) viral loads 

were used to infect 6-well plates and treatment was carried out as described above. Viral RNA 

was isolated using Gentra RNA isolation kit (Gentra System Pennsylvania, USA) according to 

the manufacturer’s instructions. HCV RNA quantifications were determined by Real Time PCR 

SmartCycler II system (Cepheid Sunnyvale, USA) using the Sacace HCV quantitative analysis 

kit (Sacace Biotechnologies Caserta, Italy) according to the manufacturer’s instructions. 

4.20.1  Antiviral analysis with effective siRNA combination 

            Huh-7 Cells were seeded at 2 x10
4
 cells per well in 96-well plates in CCM and pre-

incubated for 24 hrs. Cells were then treated with different siRNA against HCV genes and HCV 

receptors or combination. HCV infected serum was added in all wells (1x10
5
 IU of virus in each 
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well) and incubated for additional 24 hrs. Total RNA extracted from the cells according to the 

above mentioned Gentra kit protocol. Viral titer checked through Real time Quantitative RT-

PCR and compared with control. 

4.20.2 Total RNA isolation from serum infected Huh-7 cells 

 Total RNA was extracted from the Huh-7 cells infected with HCV serum using the 

Purescript® RNA Isolation kit (Gentra) and HCV Real-TM Quant SC (Cepheid) kit according to 

the kit protocol. After washing twice with 1x PBS, 300 µl Cell Lysis Solution (Gentra) was 

added to every well containing the cells and 4.16 µl (FAM dye as internal control) I.C. (Sacace) 

and the cells were scraped. Further 100 µl Protein-DNA Precipitation Solution was added to the 

cell lysate. Tubes were inverted 10 times gently and placed into an ice bath for 10 minutes then 

were centrifuged at 13,200 rpm for 7 minutes. Supernatant containing the RNA was poured into 

a clean 1.5 ml tube containing 500 µl 100% Isopropanol, and the samples were mixed by 

inverting gently 20 times and centrifuged at 13,200 rpm for 7 minutes, the RNA visible as a 

small, translucent pellet. Supernatant was poured off and tubes were drained briefly on clean 

absorbent paper. 70% ethanol (500 µl) was added and inverted the tube several times to wash the 

RNA pellet and centrifuged at 13,000 rpm for 6 minute. Ethanol was poured off carefully, and 

tubes were drained completely on clean absorbent paper and were allowed to air dry 10-15 

minutes. 50 µl RNA Hydration Solution was added. RNA was hydrated at least 30 minutes in an 

ice bath. Alternatively, RNA samples were stored at -70 to -80°C until use.  

4.20.3 HCV RNA quantitative detection in Huh-7 cells by real time PCR 

            (Smart cycler, Cepheid)       

 Reaction Mix was prepared by adding DTT 300µl of RT-PCR-mix-1 containing (Cye 3 

dye, 200µl of RT-PCR-mix-2, 20µl of hot start polymerase and 10µl of MmLV revertase. 
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Vortexed the tube and was mixed thoroughly by brief centrifugation. 12.5µl of reaction mix was 

added into each SmartCycler tube. 12.5µl of extracted RNA sample was added to appropriate 

Smart Cycler tubes with reaction mix. Six standards and one negative control were prepared for 

each run. 12.5µl of quantitation standards HCV (QS1 HCV, QS2HCV, and QS3 HCV) were 

added into labeled tubes and also 12.5µl of TE-buffer was added to the tube labeled as negative 

control, centrifuged the tubes briefly and inserted in the thermal cycler which was run according 

to the protocol described below. To calculate the concentration of HCV RNA in the plasma 

for each sample Cy3 STD/Res and FAM Std/Res value was put in following in the formula. The 

concentration is given in IU HCV/mL. Following formula was used to calculate the 

concentration of HCV RNA of each sample. 

   Cy3 STD/Res × coefficient IC = IU HCV/ml. 

                             FAM Std/Res   

 

                                                                                      IC = internal control,  

 

Figure 4.4 Thermal cycling for HCV quantitative RT-PCR 

Steps Time [min] Temp [°C] 

Step 1 30 50 

Step 2 15 95 

Step 3 0.20 95 

0.40 60 

 4.21  Western blotting 

 The total protein from the transfected and non-transfected cells was isolated. The 

protein samples were separated on Polyacrylamide gels (PAGE) on the basis of size and 

transferred to a membrane for detection with antibodies as described below: 
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   4.21.1 Protein isolation 

 Cells were harvested after 48hrs of transfection for protein isolation for expression 

analysis. The media was removed and washed with 1XPBS. Collected the cells by adding trypsin 

and centrifuged for 5min at 13,000rpm/4
o
C. Supernatant was discarded and washed the pellet 

with 1XPBS. Then 100µl of lysis buffer (Appendex-II) was added to each pellet of cells, 

incubated on ice for 15min and centrifuged for 30min at 13,000rpm/4
o
C. Supernatant containing 

protein was shifted to new tube and stored at -20
o
C.  

4.21.2 Sample preparation 

 Based on the protein extraction yield (as determined by Bradford Assay) the volume of 

sample to be added was calculated (containing 80µg of total isolated protein) and mixed with 5X 

reducing dye. The microtubes containing the protein and loading dye were heated at boiling 

water bath for 2min, then placed on ice and again centrifuged to bring down condensation before 

loading into the gel. 

4.21.3 SDS gel electrophoresis 

 SDS Polyacrylamide gel was prepared using the components as described in 

SDS-PAGE 

                   Resolving Gel 12%, Stacking  Gel 5% Resolving Gel 10%, Stacking Gel 5% 

S.NO Chemicals Resolving Stacking Resolving Stacking 

1 30% Acrylamid 6.25 ml 0.83 ml 3.3 ml 0.67 µl  

2 1.5 M Tris-HCl              3.25 ml _ 2.5 ml _ 

3 1 M Tris-HCl                 _ 1.25 ml _ 1.25 µl  

4 Water 4.79 ml 2.89 ml 4.2 ml 3.1 µl  

5 10% SDS 150 µl 50 µl 100 µl 50 µl  

6 10% APS 45 µl 15 µl 50 µl 25 µl  

7 TEMED 10 µl 06 µl  7 µl 5 µl 

Table 10:  SDS-PAGE Composition 
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 The acrylamide gels apparatus was positioned in the gel holder assembly. All 

ingredients were added, except TEMED which was added at the end to help the polymerization. 

Invert tube gently after adding all components. The resolving gel was poured up to the 2/3 of the 

apparatus and added 70% ethanol on the top. The 70% ethanol was removed after the 

polymerization of gel, washed with water and wipe with filter paper before inserting the gel 

comb. Upper (stacking) gel was made as described and gently mixed before loading. 1X SDS-

PAGE running buffer (Appendex-II) was poured into the Western blot tank (Bio-Rad, Germany). 

The samples were carefully loaded in the wells (using a fine-tipped pipette). Gel was run at 80V 

until the samples passed the stacking gel, turned the voltage up to 100V and allowed the samples 

to separate completely. 

4.21.4 Transfer and blocking to membrane 

 After running the gel, gel was taken out of electrophoresis apparatus. The Hybond-C 

membrane (Amersham, GE Healthcare, and USA) and 6 pieces of blotting paper was cut to the 

same size as the gel and wetted for 5min in transfer buffer. The transfer stack was assembled in 

the following order: three pieces of blot paper soaked in transfer buffer, gel, pre-soaked 

membrane and three pieces of blot paper soaked in transfer buffer. Proteins in transfer buffer are 

negative in charge mostly due to residual SDS and therefore move from -ve to +ve pole. So the 

+ve electrode was above the nitrocellulose and the -ve side below the gel. Placed the stack 

upside down (gel side up) on semidry Transblot (Bio-Rad, Germany) and blotted for 1-2hrs at 16 

Volts. After SDS-PAGE and electrophoretic transfer, the membrane was blocked in 5% Skim 

milk in 1XTBS with 0.05% tween-20 (1XTBST) for 1hr at RT or at 4°C overnight. 
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4.21.5 Antibody incubations 

 The blocked membrane was washed briefly with 1XTBST. The primary antibody (GFP, 

Core, E1, and E2 from Santa Cruz Biotechnology, USA), (FlagTAG from Sigma-Aldrich, USA) 

was diluted with a 2.5% Skim Milk in 1XTBST solution covering the membrane and incubated 

for 1-1/2hrs at room temperature. The antibody was removed and performed 3 room temperature 

washes (10min each with extensive agitation) with 1XTBST. The membrane was incubated with 

the Horseradish peroxidase-conjugated anti-goat anti-mouse antibody (Sigma-Aldrich, USA) for 

1hr at room temperature. The secondary antibody was removed and performed 3 room 

temperature washes as after primary antibody with 1XTBST. The expression of cellular gene 

GAPDH (Santa Cruz Biotechnology, USA) was observed after stripping the membrane of each 

gene, to observe the effect of that each on cellular gene expression. 

4.21.6  Protein detection by ECL method  

 Chemiluminescence has an advantage of perhaps an order of magnitude greater 

sensitivity than the dye based methods. In addition, several films may be exposed from a single 

blot, giving an advantage in interpretation of weak and strong signals on the same membrane. 

The reaction mix using Chemiluminescence’s detection kit (Sigma Aldrich, USA) was prepared 

just prior to use in order to maximize its effectiveness. The chemiluminscent solution was poured 

over the membrane, covering it completely with wrap saran. The membrane was incubated for 

5min and squeezed away excessive solution. The X-Ray film was placed on top of blot in the 

film cassette and exposed for 15sec -30min. The exposed X-Ray film was developed using Fuji 

film developer and fixer solutions (Fuji film, Japan). Exposed for 15sec -20 minutes and 

developed the band was found on the x-ray film and it was measured by densometer and further 

analysis was done   
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4.22 Cell viability assay    

                 Huh-7 cells were seeded at density of 3×10
5
 cells per 35 mm plate at 37

o
C in an 

atmosphere of 5% CO2. These cells were treated with different concentrations of siRNA and 

plasmids. First well considering as control and added different concentrations of from lowest to 

highest in the wells. After 24 hrs, the cells were trypsinized and were counted through 

haemocytometer and trypan blue dye exclusive method. Add different doses of the siRNA and 

plasmids in Huh-7 cell and control contain mock. 

4.23 Cell proliferation assay 

 Yellow MTT (3-4, 5-Dimethylthiazol-2-yl)-2, 5- diphenyltetrazolium bromide, a 

tetrazole) is converted to purple formazan in the mitochondria of living cells. The absorbance of 

colored solution is quantified by measuring at a wavelength (between 500 and 600 nm) by an 

ELISA reader.  Mitochondrial dehydrogenases of viable cells cleave the tetrazolium ring, 

yielding purple MTT formazan crystals which are insoluble in aqueous solutions. The crystals 

can be dissolved in acidified isopropanol. The resulting purple solution is spectrophotometrically 

measured. An increase in cell number results in an increase in the amount of MTT formazan 

formed and an increase in absorbance. Every test should consist of a blank containing complete 

culture medium without cells.  

 Each MTT trial was done in triplicate or more. Huh-7 cells were plated in 96 well plates 

almost at a density of 2×10
3
 per well and media was 100 µl per well, cells were incubated 

overnight. Next day cells were treated with HCV genes, serum and siRNA according to the 

experiments. At day three 20 µl of 5 mg/ml MTT was added to each well Including one set of 

wells with MTT but no cells (control).Cells were incubated for 3.5 hours at 37
0
C in culture hood.  

Media was removed carefully and 150 µl MTT solvent (solubilized with DMSO) was added. 
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Cells plate was covered with tinfoil and agitated on orbital shaker for 15 min. Absorbance was 

taken at 590 nm with a reference filter of 620 nm in ELISA reader. 

4.24   PGE2 measurements 

 Semi-confluent Huh-7 cells transiently transfected with HCV-3a Core plasmid was 

treated with or without Core and COX-2 specific siRNA for 48hrs. After siRNA treatment, 

culture cells were washed thoroughly with cold 1X PBS and PGE2 levels were assayed with the 

Biotrak Prostaglandin E2 Enzyme Immunoassay system (Amersham Pharmacia Biotech, USA) 

according to the manufacturer’s protocol at 459nm wavelength with an ELISA plate reader. 

4.25   Statistical Analysis 

All statistical analysis was done using SPSS software (version 16.0, SPSS Inc). Data are 

presented as mean ± SD. Numerical data were analyzed using student's t-test and ANOVA. P 

value < 0.05 was considered statistically significant. 
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RESULTS 

 HCV is genetically highly variable and exist as different genotypes and subtypes 

the severity of effect within subtypes of a major genotype are observed to be different. Very 

few studies have been undertaken with respect to the HCV-3a genotype and further studies 

are needed to explore fully the mystery of the cellular mechanism of HCV induced oxidative 

stress, steatosis and apoptosis. We analyzed the effect of HCV structural genes (Core, E1, E2 

and p7) of genotype 1a and 3a on cellular genes which are mainly involved in these HCV 

induced pathogenesis. In the current study, we analyzed the expression of cellular genes in 

transiently expressing structural protein and in serum-infected Huh-7 cells of HCV-3a 

genotype as compared to 1a as well as in patient’s blood and liver biopsies samples.  

In the present research project:  

• We evaluated the effects of HCV structural genes of Genotype 1a and 3a on host genes 

involved in HCV pathogenic pathways (Oxidative Stress, Steatosis, Apoptosis) in Huh-

7 cell line.  

• For further confirmation of cell culture results, we analyzed the expression of selected 

genes involved in HCV pathogenic pathways in HCV patients of HCV genotype 1a, 3a 

and normal individual. 

• We designed, synthesized and screened SiRNA against HCV structural ad host genes in 

alternative combinations.  

• To confirm the role of HCV structural genes, we analyzed the effect of selected siRNA 

on HCV structural genes and host genes involved in HCV pathogenesis in Huh-7 cell 

line.  

Results for the above mentioned aims are described in following three chapters 

according to HCV pathogenic pathways (Oxidative Stress, Steatosis, Apoptosis). 
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Effect of HCV structural genes of Genotype 1a and 3a on host genes involved in HCV 

pathogenic pathways (Oxidative Stress, Steatosis, Apoptosis) 
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HCV induced 
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5.1 Effect of HCV structural genes on the expression of cellular genes involved in  the 

oxidative stress leading to HCC 

Previous studies report that HCV Core protein produces oxidative stress which induces 

the expression of COX-2 gene. It was reported that iNOS and COX-2 were positively correlated 

with VEGF in HCC (Marrogi et al., 2000). COX-2 over expression increases the level of p-AKT 

activation indicating COX-2 induced growth promotion in cultured cells (Leng et al., 2003). To 

analyze the effect of structural genes, we compared the mRNA expression levels of COX-2, 

iNOS, Akt and VEGF genes in Huh-7 cells transiently transfected with or without 0.4µg of 

plasmid containing HCV genotype 3a Core, E1, E2, p7 genes and pCR3.1 plasmid alone as mock 

(M) samples for 48 hrs. Results indicated that HCV 3a Core gene induced the expression of 

COX-2, iNOS, Akt and VEGF genes 3.8, 3.4, 2.9 and 3.78 fold respectively, which are 

significantly higher levels as compared to other HCV structural protein. So HCV Core gene was 

selected for further study (Figure 5.1).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1: Effect of structural genes on cellular genes (COX-2/iNOS/VEGF/Akt). 

Comparison of gene expression of COX-2/iNOS/VEGF/Akt in Huh-7 cells transiently 

transfected with HCV structural genes Core, E1, E2, p7 and pCR3.1 plasmid alone as mock (M) 

samples (0.4µg DNA/well of each plasmid). All experiments were performed in 3 independent 

experiments having triplicate samples in each. Error bars indicate, mean S.D, *p<0.01 verses 

Mock. 
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5.2 Effect of HCV structural genes on the expression of cellular genes involved in  the 

oxidative stress leading to HCC 

To analyze the effect of structural genes of HCV genotype 1a, we compared the mRNA 

expression levels of COX-2, iNOS, Akt and VEGF genes in Huh-7 cells transiently transfected 

with or without 0.4µg of plasmid containing HCV genotype 1a Core, E1, E2, p7 genes and 

pCR3.1 plasmid alone as mock (M) samples for 48 hrs. Results indicated that HCV 3a Core gene 

induced the expression of COX-2, iNOS, Akt and VEGF genes 3.8, 3.4, 2.9 and 3.78 fold 

respectively, which are significantly higher levels as compared to other HCV structural protein. 

So HCV Core gene was selected for further study (Figure 5.2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.2: Effect of structural genes on cellular genes (COX-2/iNOS/VEGF/Akt). 

Comparison of gene expression of COX-2/iNOS/VEGF/Akt in Huh-7 cells transiently 

transfected with HCV structural genes Core, E1, E2, p7 and pCR3.1 plasmid alone as mock (M) 

samples (0.4µg DNA/well of each plasmid). All experiments were performed in 3 independent 

experiments having triplicate samples in each. Error bars indicate, mean S.D, *p<0.01 verses 

Mock. 
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5.3 Dose response and time course analysis of HCV Core and E2 in Huh-7 cells: 

Huh-7 cells were transfected with HCV plasmid vector and transient expression of HCV 

structural gene, Core and E2 of 1a and 3a genotype at different time interval (24hrs, 36hrs, 48hrs, 

72hrs) and different doses (0.2µg, 0.4µg, 0.6 µg, and 0.8µg/well) was observed. The cells 

expressing the HCV Core were analyzed at mRNA level.  

5.3.1 Dose response expression analysis of HCV Core and E2 gene.  

Cells were transiently transfected with different doses 0.2µg, 0.4µg, 0.6 µg, and 0.8µg of 

Core and E2 of HCV genotype 1a and 3a plasmid vectors for 48 hours then total cellular RNA 

was isolated from Huh-7 cells and quantified by semi-quantitative PCR. These results indicated 

that best transfection were obtained with 0.4µg /well DNA (Figure 5.3). 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.3: Dose Response Expression Analysis of HCV Core and E2 gene A) Expression 

analysis Core plasmids of HCV genotype 1a and 3a in Huh-7 using semi-quantitative RT-PCR 

and Real time PCR at different dose (0.2µg, 0.4µg, 0.6 µg, and 0.8µg) after 48hr transfection of 

these genes’) Expression analysis E2 of HCV genotype 1a and 3a in Huh-7 using semi-

quantitative RT-PCR and Real time PCR at different dose (0.2µg, 0.4µg, 0.6 µg, and 0.8µg) after 

48hr transfection of these genes 

A 

 

B 
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5.3.2 Time course expression analysis of HCV Core and E 2 in Huh-7 cells 

 At post-transfection with different time intervals of 24, 36, 48 and 72 hrs expression of 

pCR3.1 FlagTAG/Core and E2 (0.4µg/well) of genotypes 1a and 3a in Huh-7cells was relatively 

quantified by real time PCR. These results indicate that the maximum expression levels 

expression were achieved for HCV Core gene and E2 of genotype (1a and 3a) at 48hrs post-

transfection that were 4.6 and 4 fold for the Core gene of genotype 3a and 1a respectively 

(Figure 5.4A). Similarly, highest level of expression (3 and 3.6 fold) were observed for E2 of 

genotype 3a and 1a as compare to mock using Real Time PCR (Figure 5.4B).    

                                                                           

Figure 5.4: Time course of HCV Core and E2 gene of genotype 1a and 3a A) Expression of 

Core gene of genotype 1a and 3a in Huh-7 cells transfected with Core clone (0.4µg/well) at 

different time (24hr, 48hr, 72hr and 96hr) B) Expression of E2 gene of genotype 1a and 3a in 

Huh-7 cells transfected with E2 clone (0.4µg/well) at different time (24hr, 48hr, 72hr and 96hr).  
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5.4 HCV 3a Core gene increases expression of genes involved in HCV-induced oxidative 

stress leading to HCC at mRNA level more than HCV 1a genotype   

Although several reports have documented an involvement of genotype HCV 1 Core 

protein in HCV induced oxidative stress by various mechanisms, still there is a no detail study 

showing the effect of different genotypes in HCV-induced oxidative stress. Here, we compared 

the mRNA expression levels of COX-2, iNOS, Akt and VEGF genes in Huh-7 cells transiently 

transfected with or without 0.4µg HCV Core 3a and HCV Core 1a plasmids for 48 hrs. Semi-

quantitative RT-PCR results indicated that HCV 3a Core gene induced the expression of COX-2, 

iNOS, Akt and VEGF genes at significantly higher levels as compared to HCV 1a Core gene 

(Figure 5.5A). Up regulated levels of genes were as: COX-2 (4.1 fold), iNOS (2.4 fold), Akt (3 

fold) and VEGF (2.8 fold) by HCV Core 3a while HCV Core 1a induced COX-2 (1.3 fold), 

iNOS (1.2 fold), VEGF (1.3 fold) and Akt (1.4 fold) as compared to mock (Figure 5.5B).    

              

 Figure 5.5: Effect HCV Core protein on gene expression of COX-2/iNOS/VEGF/Akt in 

Huh-7 cells A) Huh-7 cells transiently transfected with HCV Core 1a (C1a), 3a (C3a) and 

pCR3.1 plasmid alone as mock (M) samples (0.4µg DNA/well of each plasmid). Cells were 

harvested and relative RNA determinations were carried out using semi-quantitative RT-PCR. B) 

Total cellular RNA extracted, after 48 hrs post transfection, was quantified by Real-Time PCR 

using gene specific primers in comparison to Mock. GAPDH was used as internal control. All 

experiments were performed in 3 independent experiments having triplicate samples in each. 

Error bars indicate, mean S.D, *p<0.01 verses mock.  
 

A B 
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5.5 HCV 3a Core gene increases protein expression of genes involved in HCV-induced 

oxidative stress more than HCV 1a genotype   

Additionally, we determined the protein expression levels of these genes for both 

genotypes. Cell lysates from Huh-7 cells, transfected with HCV-3a Core plasmid were examined 

by western blot analysis using Core, COX-2, VEGF, and Akt and phosphorylated-Akt specific 

antibodies. There was significant increase in the expression levels of COX-2, VEGF and p-Akt 

proteins in HCV 3a genotype as compared to HCV-1a, however, total Akt protein levels 

remained same (Figure 5.6).   

                                      

 

 

Figure 5.6: HCV 3a Core gene increases expression of genes COX-2/VEGF/Akt/p-Akt at 

protein level. The protein expression levels were determined by western blot analysis from Huh-

7 cell lysates transfected with HCV Core vectors of genotype 1a, 3a and effect on COX-

2/VEGF/Akt/p-Akt was analyzed using specific antibodies. GAPDH was used as internal control 

for normalization in western blotting. 

 
 

 

 

 

 

 

 



 

 84

 

5.6 Amino acid sequence comparison of HCV Core 3a and 1a 

The amino acid sequence comparison showed that 3a Core protein has 90% similarity to 

1a Core protein and 98% similarity to their consensus sequences. Beside reported amino acid 

substitutions, we found additional differences in both genotypes sequence analysis of HCV Core 

1a and 3a protein clones. Comparison of full predicted amino acid sequence of HCV Core 

isolates in our study against a consensus genotype 3a clone (Con 3a) and 1a (Con 1a) from the 

HCV sequence database was performed using the ClustalW program (Figure 5.7). 

 

 
 

 

Figure 5.7:  Sequence analysis of HCV Core 1a and 3a protein clones. Comparison of full 

predicted amino acid sequence of HCV Core isolates in our study against a consensus genotype 

3a clone (Con 3a) and 1a (Con 1a) from the HCV sequence database, performed using the 

ClustalW program. Sequences different from consensus are boldface and underlined. Differences 

in the individual amino acid in Core 1a and 3a are highlighted. Asterisks at the bottom of a 

sequence comparison indicate complete identity at that position. 
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5.7 Increased expression COX-2/iNOS/VEGF/Akt in PBMCs of HCV 3a infected 

patient’s more than HCV 1a genotype 

We analyzed the expression of cellular genes involved in HCV induced oxidative stress 

leading to HCC in HCV-1a and 3a infected patient’s PBMCs. Total cellular RNA was isolated 

from normal, HCV infected blood and 1µg of the RNA was reverse transcribed. The relative 

expression levels of the COX-2, iNOS, Akt and VEGF genes were quantified by Real-Time 

PCR. The result indicated that the expression levels of COX-2, iNOS, VEGF and Akt were 

significantly high in HCV-3a infected blood as compared to normal and HCV-1a patients. The 

expression levels of these genes in HCV-3a infected blood was as follows: COX-2 (4.19 fold), 

iNOS (3.4 fold), Akt (1.9 fold) and VEGF (3.22 fold) while in HCV 1a infected patient’s blood 

the expression levels were: COX-2 (1.29 fold), iNOS (1.18 fold), Akt (1.1 fold) and VEGF (1.25 

fold) when compared with normal (Figure 5.8). 

 

 

 

 

 

 

Figure 5.8: Comparison of expression of COX-2/iNOS/Akt/VEGF genes in HCV-1a and 3a 

infected patient’s blood samples verses normal. A) RNA was extracted from HCV-1a and 3a 

infected patient’s blood samples verses normal. Relative RNA determinations were carried out 

using semi-quantitative RT-PCR. B) Comparison of expression of COX-2/iNOS/Akt/VEGF 

genes expressed as relative fold induction in HCV-1a and 3a infected patient’s blood samples 

verses normal. All experiments were performed in 3 independent experiments having triplicate 

samples in each. Error bars indicate, mean S.D, *p<0.01 verses normal. 
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5.8 Increased expression of Genes COX-2/iNOS/VEGF/Akt in liver biopsy samples of 

HCV 3a infected patient’s more than normal individual 

These results were further confirmed in HCV-3a infected patient’s liver biopsy samples. 

Total cellular RNA was isolated from normal, HCV infected biopsy samples and 1µg of the 

RNA was reverse transcribed. The relative expression levels of the COX-2, iNOS, Akt and 

VEGF genes were quantified by Real Time PCR. The result indicated that the expression levels 

of COX-2, iNOS, VEGF and Akt were significantly high in HCV-3a infected as HCV 3a-

infected biopsy samples compared to normal. In HCV 3a-infected biopsy samples, the expression 

levels for these genes were: COX-2 (4.97 fold), iNOS (5.08 fold), Akt (3.37 fold) and VEGF 

(6.49 fold) when compared with normal sample (Figure 5.9). 

 

Figure 5.9: Comparison of expression of COX-2/iNOS/Akt/VEGF genes in HCV 3a infected 

patient’s biopsy samples verses normal. Comparison of expression of COX-2, iNOS, Akt and 

VEGF genes expressed as relative fold induction in HCV 3a infected patient’s biopsy samples 

verses normal. Real Time PCR analysis was performed in 3 independent experiments having 

duplicate samples from 2 biopsy samples. Data is represented as average and error bars indicate, 

mean S.D, *p<0.01 verses normal. 
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5.9 HCV 3a Core increases expression of PGE2 in Huh-7 cells 

 It has been reported that over expression of COX-2 leads to increased levels of 

proinflammatory molecule PGE2 which in turn enhance VEGF (Cheng et al., 2004) and Akt 

expression that promote the growth of human HCC cells (Leng et al., 2003). We measured the 

accumulation of PGE2 in Huh-7 cells transiently transfected with HCV Core plasmids for 48hrs. 

HCV Core 3a significantly increased the production of PGE2 as compared to HCV Core 1a 

(Figure 5.10).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.10: HCV 3a Core increased expression of PGE2. Prostaglandin E2 production in 

response to HCV-1a and HCV-3a Core transfected Huh-7 cells were measured with Biotrak 

Prostaglandin E2 Enzyme Immunoassay system. All experiments were performed in 3 

independent experiments having triplicate samples in each. Error bars indicate, mean S.D, 

*p<0.01 verses Mock. 
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5.10   HCV 3a Core Enhanced cell proliferation in Huh-7 cells 

 It has been reported that over expression of COX-2 leads to increased levels of 

proinflammatory molecule PGE2 which in turn promote the growth of human HCC cells via 

VEGF (Leng et al., 2003). We also determined as an indirect effect of COX-2 activation and 

PGE-2 on cell proliferation through MTT cell proliferation assay. Results indicated significant 

enhanced cell proliferation with HCV 3a genotype when compared with HCV 1a genotype 

(Figure 5.11).  

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.11: Effect of HCV 3a Core on cell proliferation MTT assay showed that HCV-3a 

Core significantly increased the proliferation of Huh-7 cells as compare to Mock and Core 1a, 

observed at 570nm wavelength. All experiments were performed in 3 independent experiments 

having triplicate samples in each. Error bars indicate, mean S.D, *p<0.01 verses Mock. 
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5.11 HCV 3a Core-specific siRNA inhibit expression of COX-2, iNOS, Akt  and VEGF  

Since HCV 3a genotype showed higher level of induction of genes involved in HCV 

oxidative stress we confirmed these results by using HCV-3a Core-specific siRNAs to see 

whether block the expression of Core also result in reducing the expression of these genes. 

Transient transfection of both Csi27 and Csi352 siRNAs in Huh-7 cells after 48 hrs showed a 

dramatic reduction of mRNA expression levels of HCV-3a Core gene itself and we determined 

the effect of HCV-3a Core siRNAs on mRNA expression levels of COX-2, iNOS, VEGF and 

Akt genes in Huh-7 cells by semi-quantitative RT-PCR (Figure 5.12A). Real Time PCR result 

showed that Core-specific siRNA, Csi27, showed a dramatic reduction of COX-2 (2.5 fold) 

gene. The expression levels for iNOS, VEGF and Akt genes were reduced to 1 fold. There was 

no significant effect of the control scramble siRNA on the expression levels of these genes 

(Figure 5.12B). 

 

 

 

 

 

 

Figure 5.12: HCV 3a Core-specific siRNA inhibit expression of genes COX-2, iNOS, Akt 

and VEGF genes A) Huh-7 cells were transfected with HCV-3a Core expression vector or mock 

along with or without siRNAs for 48 hrs. For mock-transfected (M), HCV-3a Core expression 

plasmid (C), scramble siRNA (SC) Core siRNA Csi27 and Csi352 Cells were harvested and 

relative RNA determinations were carried out using semi-quantitative RT-PCR. B) Total cellular 

RNA extracted, after 48 hrs post transfection, was quantified by Real-Time PCR using gene 

specific primers in comparison to Mock. GAPDH was used as internal control. All experiments 

were performed in 3 independent experiments having triplicate samples in each. Error bars 

indicate, mean S.D, *p<0.01 verses Mock. 
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5.12 Silencing of HCV-3a Core gene and its effect on COX-2/VEGF expression show 

reduction at protein levels 

In order to see the effect of gene silencing at protein levels, western blot for Core, COX-2 

and VEGF genes was performed from 48 hrs siRNA-transfected cells extracts. Silencing effect 

of HCV-3a Core gene on the protein expression levels of cellular genes (COX-

2/iNOS/VEGF/Akt) 48 hrs post transfection was quantified by using specific antibodies. 

Complementary to reduced mRNA levels, HCV-3a Core protein expression levels also showed 

dramatic reduction with both siRNAs, Csi27 and Csi35, which showed 90% and 76% inhibition 

respectively. These Core siRNA, Csi27 and Csi35, also inhibited COX-2 (85% and 70%) and 

VEGF (75% and 65%) respectively. The control scramble siRNA showed no effect on the 

protein expression levels (Figure 5.13). 

 

 

Figure 5.13: Silencing of HCV 3a Core gene effect on COX-2/VEGF show reduction at 

protein expression levels Silencing of HCV 3a Core gene by siRNAs using specific antibodies 

show reduction at protein expression level and its effect on COX-2/VEGF using specific 

antibodies show reduction at protein expression levels,. The protein expression levels were 

determined by western blot analysis after  48hrs transfection with mock (M), HCV-3a Core 

expression plasmid (C) with and without HCV 3a siRNAs (Csi27, Csi352) and scramble siRNA 

(Sc) in Huh-7 cells.  
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5.13 Silencing of host gene COX-2 at mRNA level by COX-2 siRNA in a dose dependant 

manner:  

COX-2 is important target for the prevention of HCC, So COX-2 siRNA were used in our 

study.  One in-vitro transcribed siRNAs (COXsi) was designed against COX-2 gene (Table 6). 

Transient transfection of siRNA in Huh-7 cells after 48 hrs showed reduced RNA expression 

levels of COX-2 gene in a dose-dependent manner. Maximum inhibition of 3 fold was observed 

for COX-2 at 100nM concentration. Cells transfected with scramble siRNA showed no change in 

expression levels of COX-2 gene (Figure 5.14). 

 

Figure 5.14: COX-2 siRNA (COXsi) reduced gene expression of Core induced COX-2. Huh-

7 cells were transfected with HCV-3a Core expression vector or mock-treated along with or 

without 25nM, 50nM and 100nM of COX-2 siRNAs for 48 hrs. Cells were harvested and 

relative RNA determinations were carried out using semi-quantitative PCR.  

 

 

5.14 Silencing of host gene COX-2 by COX-2 siRNA at protein level 

  For further confirmation of siRNA efficiency we analyzed its effect on protein 

expression. The protein expression levels of COX-2 and GAPDH proteins were also determined 

by western blot from 48 hrs siRNA-transfected cells extracts. Complementary to reduced mRNA 

levels, COX-2 protein expression levels also showed 65% reduction when compared with Core-

transfected cells treated with COXsi. The control scramble siRNA showed no effect on the 

protein expression levels (Figure 5.15). 
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Figure 5.15: Silencing of COX-2 gene at protein expression level. Silencing of COX-2 gene at 

protein expression level was determined by western blot analysis after 48 hrs transfection with 

mock (M), with and without COX-2 siRNAs (COXsi) and scramble siRNA (SC) in Huh-7 cells. 

Protein levels for GAPDH gene are also shown as internal control.  

5.15     Silencing host gene COX-2 show reduction in genes involved in oxidative stress 

Since HCV-3a Core gene significantly induced the expression of COX-2 gene as 

compared to HCV-1a genotype, we examined the effect of siRNA against host COX-2 gene on 

the expression levels of iNOS, VEGF and Akt genes. The mRNA levels were determined by 

Real-Time PCR after transient transfection for 48 hrs with HCV Core plasmid and co-transfected 

with or without siRNA against COX-2 gene. The over-expression of COX-2 gene was reduced to 

the basal levels with its own siRNA, whereas, COX-2 siRNA decreased expression levels of 

iNOS and VEGF genes to 2 fold and 3 fold, respectively (Figure 5.16).   

 

Figure 5.16: Silencing host gene COX-2 show reduction in genes involved in oxidative 

stress. Relative gene expression levels quantified by Real-Time PCR 48 hrs post transfection are 

shown as fold induction for COX-2/iNOS/VEGF/Akt genes. GAPDH was used as internal 

control for normalization. Three independent experiments were performed having triplicate 

samples. Error bars indicate, mean S.D, *p<0.01 verses Core. 
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5.16 Combined silencing of HCV 3a Core and host COX-2 genes show synergistic 

inhibition of genes involved in viral induced oxidative stress 

Next, we determined if there is any synergistic effect with HCV-3a Core and host COX-2 

siRNA on the inhibition of these genes. Transient transfection was performed with HCV-3a Core 

expression plasmid and co-transfection with siRNA of HCV-3a Core and COX-2 genes for 48 

hrs. Real time PCR results showed that Core-induced expression of COX-2 (3 fold), iNOS (2 

fold), VEGF (2 fold) and Akt (1.5 fold) genes was markedly reduced after co-treatment with 

HCV-3a Core and COX-2 specific siRNA (Figure 5.17). 

 

 

Figure 5.17: Combined silencing of HCV 3a Core and host COX-2 genes effect on COX-

2/iNOS/VEGF/Akt  Huh-7 cells were transfected with HCV-3a Core expression vector (C) or 

mock-treated (M) along with or without siRNAs (COXsi and Csi27) alone or in combination 

(COXsi+Csi27) for 48 hrs. Total RNA was quantified by Real-time PCR and is shown as fold 

induction for COX-2/iNOS/VEGF/Akt genes using their gene specific primers as compare to 

mock GAPDH was used as internal control for normalization. Three independent experiments 

were performed having triplicate samples. Error bars indicate, mean S.D, *p<0.01 verses Core# 

p<0.01 verses Csi27. 
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5.17 Combine effect of COX-2 and Core siRNAs on COX-2/iNOS/VEGF/ Akt/p-Akt 

 To further analyze the effect of Core and COX-2 siRNA in combination on the protein 

expression levels of HCV-3a Core, COX-2, VEGF, Akt, p-Akt and GAPDH western blot was 

performed from 48 hrs siRNA-transfected cells extracts. There was dramatic reduction at the 

protein level of COX-2, VEGF and p-Akt in cells treated with combined siRNA of Core and 

COX-2, where as the expression of total Akt remained same in the mock and siRNA transfected 

cells (Figure 5.18). 

 

 

Figure 5.18: Combine effect of COX-2 and Core siRNAs on COX-2/iNOS/VEGF/ Akt/p-

Akt. Huh-7 cells were transfected with HCV-3a Core expression vector (C) or mock-treated (M) 

along with or without siRNAs (COXsi and Csi27) alone or in combination (COXsi+Csi27) for 

48 hrs.  Total cellular protein was extracted from Huh-7 cells treated with and without Core, 

COX-2 and combined siRNA. Equal amounts of cellular lysates were subjected to SDS-PAGE 

and western blot analysis was carried out using specific antibodies.  
 

 

 

 

 



 

 95

 

5.18 Combined effect of COX-2 and HCV-3a Core siRNAs on PGE2 production  in the 

Huh-7cells    

The Core and COX-2 specific siRNA (Csi27 and COXSi) were also tested for their 

ability to block the accumulation of PGE-2 in response to HCV Core 3a gene expression. Both 

siRNA (45% and 65% inhibition by Csi27 and COXSi) were capable to block the induction of 

PGE-2, whereas their combination showed 85 to 90 % reduction in PGE-2 levels in transiently 

transfected Huh-7 cells indicating the accumulation of PGE-2 as a result of the enzymatic 

activity of COX-2 (Figure 5.19). 

 

Figure 5.19: Combined effect of COX-2 and HCV-3a Core siRNAs on intracellular PGE2 

production  Huh-7 cells were transfected with HCV-3a Core expression vector (C) or mock-

treated (M) along with or without siRNAs (COXsi and Csi27) alone or in combination 

(COXsi+Csi27) for 48 hrs. Intracellular level of PGE2 was determined in Core transfected cells 

with and without Core, COX-2 and in combination of both siRNAs, using Biotrak prostaglandin 

Enzyme immunoassay system. Three independent experiments were performed having triplicate 

samples. Error bars indicate mean S.D, *p<0.001 verses Core, # p<0.01 verses Csi27.  
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5.19 Combined effect of COX-2 and HCV-3a Core siRNAs on the proliferation of Huh-7 

cells.  

The Core-induced cell proliferation was also reduced to similar levels as mock sample in 

siRNA-treated Huh-7 cells against Core and COX-2 genes. Inhibition of Huh-7 cells 

proliferation was observed in Core transfected cells with and without Core, COX-2 and in 

combination of both siRNAs by using MTT assay. The capability of Core and COX-2 specific 

siRNA to reduce cell proliferation was evaluated in response to HCV-3a Core gene. Both siRNA 

(45% and 45% inhibition by Csi27 and COXsi) were capable of inhibiting cell proliferation, 

whereas their combination showed 55% reduction in proliferation of Core-3a transfected Huh-7 

cells. The Core induced cell proliferation was also reduced to almost similar levels as mock 

sample in Huh-7 cells treated with both siRNA in combination (Csi27 and COXsi) (Figure 

5.20). 

 

Figure 5.20: Huh-7 cells were transfected with HCV-3a Core expression vector (C) or mock-

treated (M) along with or without siRNAs (COXsi and Csi27) alone or in combination 

(COXsi+Csi27) for 48 hrs.  Inhibition of Huh-7 cells proliferation was observed in Core 

transfected cells with and without Core, COX-2 and in combination of both siRNAs by using 

MTT assay. Three independent experiments were performed having triplicate samples. Error 

bars indicate mean S.D, *p<0.01 verses Core  
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5.20 Infection of HCV 3a sera up regulate expression levels of genes involved in  HCV-

induced oxidative stress more than HCV 1a sera in Huh-7 cells:  

Several reports have documented that human hepatocytes cultures can be infected with 

HCV serum (Molina et al., 2008). Buck, 2008 has shown that HCV infection of primary 

hepatocytes culture system mimics the naturally occurring HCV virions biology and kinetics of 

HCV infection in humans. Initially, we investigated the effect of high titer HCV-3a and 1a sera 

infection on the expression levels of COX-2, iNOS, VEGF and Akt genes in Huh-7 cells (Figure 

5.21A). Cells were infected with HCV-3a and 1a sera and total RNA was isolated after 96 hrs of 

infection and quantified by Real-Time PCR analysis. HCV-3a sera stimulated the expression of 

COX-2 (3 fold), iNOS (2.8 fold), VEGF (3.2 fold) and Akt (3 fold) genes while HCV-1a sera 

induced COX-2 (1.6 fold), iNOS (1.2 fold),) Akt (1.5 fold) and VEGF (2.5 fold) genes as 

compare to normal sera (Figure 5.21B). 

 

 

 

  

 

 

 

 

 

Figure 5.21: HCV 3a sera up regulate expression levels of COX-2, iNOS, VEGF and Akt 

genes in Huh-7 cells. A)  Huh-7 cells were infected with high titer sera samples from HCV 

patients, either HCV-3a or HCV-1a genotype for 72 hrs. Cells were harvested and relative RNA 

determinations were carried out using semi-quantitative RT-PCR. B) Cells were harvested and 

RNA expression levels as relative fold induction to normal sera are shown for COX-

2/iNOS/Akt/VEGF genes. Three independent experiments with triplicate determinations were 

performed. Error bars indicate mean S.D, * p<0.01 verses serum 1a. 
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5.21 Infection of HCV 3a sera up regulate expression levels of protein of genes involved 

in HCV-induced oxidative stress in Huh-7 cells more than sera of HCV 1a:  

 

Similar levels of induction of these genes were also observed at protein level. Lysates 

from the Huh-7 cells infected with HCV-1a and 3a serum were examined by western blot 

analysis using Core, COX-2, and VEGF, Akt and p-Akt specific antibodies and GAPDH as 

internal control. These results confirmed the higher effect of HCV-3a serum on cellular genes as 

compare to HCV-1a sera (Figure 5.22). 

 

 

 

Figure 5.22: HCV 3a sera up regulate expression levels of protein of genes COX-

2/VEGF/Akt/p-Akt. The protein expression levels were determined by western blot analysis 

from Huh-7 cell lysates infected with HCV-1a (S1a), 3a (S3a) serum compared to normal and 

effect on COX-2/VEGF/Akt/p-Akt expression using specific antibodies. Protein levels for 

GAPDH gene are shown as internal control.  
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5.22 Suppression of viral load by HCV Core and COX-2 siRNA in Huh-7 cells:   

Tow separate studies described that Core and COX-2 inhibition reduced HCV titre in 

Huh-7 cells so we used siRNA against HCV-3a Core and host COX-2 genes in our study. 

Trujillo-M et al., 2008 inhibited Cox-1/2 activity by ASA treatment in HCV replicon cells also 

down-regulated HCV-RNA expression. Zekri et al., 2009 who observed inhibition of HCV 

replication by siRNA against 5`UTR and Core in HCV serum-infected Huh-7 cells. To determine 

whether siRNA against HCV-3a Core and host COX-2 genes can reduce viral load in HCV-

infected cells, Huh-7 infected cells were treated with the high titer HCV-3a Core and COX-2 

siRNAs for 48 hrs and their RNA and viral loads were quantified by real time PCR. Results 

showed an approximate 60% decrease in viral load incubated with HCV-3a Core-siRNA 

whereas, a 70% decrease was observed in HCV RNA levels incubated with COX-2 siRNA. A 

remarkable suppression of HCV RNA (80%) was observed with the addition of both siRNAs 

(Figure 5.23). 

 

Figure 5.23: viral load by HCV Core and COX-2 siRNA in Huh-7 cells After 24 hrs post 

plating, Huh-7 cells were transfected with siRNAs (COXsi and Csi27) either alone or in 

combinations (COXsi+Csi27) and incubated for 6 hrs before adding HCV-3a sera (Ser 3a). Data 

are expressed as mean percent viral load of non-siRNA treated samples. Three independent 

experiments with triplicate determinations were performed. Error bars indicate, mean S.D 
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*p<0.001 verses Ser3a. # p<0.01 verses Csi27. 
 

5.23 Increased expression of COX-2, Akt, iNOS and VEGF genes with sera infection is 

suppressed by siRNA against HCV 3a Core and host COX-2 genes: 

Next, to evaluate the efficacy of siRNA against HCV-3a Core and COX-2 gene in serum 

infected cells, Huh-7 cells were transfected with siRNA against HCV-3a Core and COX-2 genes 

alone or in combination for 6 hrs. Cells were then infected with HCV 3a sera. Both siRNA alone 

or in combination inhibited the RNA expression levels of COX-2, iNOS and VEGF to similar 

levels as was achieved using HCV 3a Core over expression studies. The results indicated that the 

siRNA against HCV 3a Core and host COX-2 genes decreased the mRNA expression levels of 

COX-2 (2 fold), Akt (1.5 fold), iNOS (1.5 fold) and VEGF (2 fold) genes. The control scramble 

siRNA did not show any effect on expression levels of these genes (Figure 5.24). 

 

Figure 5.24: Effect of siRNA against HCV-3a Core and COX-2 gene on Cellular genes in 

serum infected Huh-7 cells. Cells were transfected with siRNAs (COXsi and Csi27) either 

alone or in combinations (COXsi+Csi27) and then infected with HCV-3a sera (Ser 3a). Data are 

expressed as relative fold induction to (Nser) sample for COX-2, iNOS, VEGF and Akt genes. 

GAPDH was used as internal control for normalization. Three independent experiments with 

triplicate determinations were performed. Error bars indicate mean S.D, * p<0.01 verses NSer 
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5.24 Combined effect of COX-2 and HCV-3a Core siRNAs on the COX-2, Akt, iNOS and 

VEGF genes at protein level 

Additionally, we analyzed the effect of Core and COX-2 siRNA alone and in 

combination on the protein expression levels of COX-2, VEGF, Akt, p-Akt genes.  Western blot 

was performed from 48 hrs siRNA-transfected cells extracts in Huh-7 cells infected with HCV-

3a serum. There was dramatic reduction at the protein level of COX-2, VEGF and p-Akt in cells 

treated with Core and COX-2 siRNA, where as the expression levels of total Akt protein 

remained same in mock and siRNA transfected cells (Figure 5.25). 

 

 

Figure 5.25: Combined effect of COX-2 and HCV-3a Core siRNAs on the COX-2, Akt, 

iNOS and VEGF genes at protein level Cells were transfected with siRNAs (COXsi and Csi27) 

either alone or in combinations (COXsi+Csi27) and then infected with HCV-3a sera (Ser 3a). 

The effect of siRNA on protein expression levels of COX-2/VEGF/Akt/p-Akt were determined 

after 72 hrs post infection with HCV-3a serum by western blot analysis from Huh-7 cell lysates 

using specific antibodies with GAPDH as internal control.   
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RESULTS 

 Next, in this study, we evaluated the effect of HCV genotype 1a and 3a on cellular genes 

which are involved in fatty acid synthesis and its oxidation pathway and regulation of these 

genes play a vital role in the pathogenesis of steatosis. Adipo R2 and PPAR-α genes are crucial 

for lipid oxidation and down regulation of these genes may cause steatosis (Leone et al., 1999; 

Kersten et al., 1999). Whereas, ACC, PEPCK 2, SREBP, HMGR and FAS are involved in fatty 

acid/cholesterol synthesis as well as in gluconeogenesis pathway and up regulation of these 

genes leads to steatosis. To unfold the effect of HCV, firstly, we observed the level of expression 

of these genes in the HCV structural genes transfected in Huh-7 cells as compared to control. 

The role of HCV Core in activation of these genes was confirmed by down regulation of HCV 

Core by using specific siRNA against it in Huh-7 cell line and expression of cellular genes 

involved in steatosis was evaluated by RT and Real-Time PCR. The expression of GAPDH has 

been used as a negative control. We also studied the level of expression of these genes in blood 

of HCV patients of genotype 1a and 3a as compare to normal then we analyzed the expression of 

these genes in the Huh-7 cells infected with HCV serum of genotype 1a and 3a.  
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5.2.1 Effect of structural genes of HCV genotype 3a on the expression of cellular genes 

involved in the steatosis:   

  To analyze the effect of structural genes, we compared the mRNA expression levels of 

SREBP, HMGR, ACC, FAS genes in Huh-7 cells transiently transfected with or without 0.4µg 

HCV structural proteins Core, E1, E2, p7 and pCR3.1 plasmid alone as mock (M) samples for 48 

hrs. Total cellular RNA was isolated from Huh-7 cells and quantified by real time PCR as 

described in materials and methods. Up regulation of genes were SREBP (3.7 fold), HMGR 

(4.29 fold), ACC (3.12 fold) and FAS (3.73 fold) by Core 3a while E2 3a induced SREBP (2.8 

fold), HMGR (3.09 fold), ACC (2.46 fold) and FAS (2.25 fold) as compared to control Results 

indicated that HCV-3a Core and E 2 gene induced the expression of SREBP, HMGR, ACC and 

FAS genes at significantly higher levels as compared to the HCV structural protein E1, p7. So 

we selected HCV Core and E 2 genes for further study (Figure 5.27). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.27: Effect of structural genes on the expression of cellular genes involved in the 

steatosis. Relative Gene expression of SREBP, HMGR, ACC, FAS in Huh-7 cells transfected 

with HCV structural genes Core, E1, E2, p7 and pCR3.1 plasmid alone as mock (M) samples 

(0.4µg DNA/well) of each plasmid by Real-Time PCR. All experiments were performed in 3 
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independent experiments having triplicate samples in each. Error bars indicate, mean S.D, 

*p<0.01 verses mock.  

5.2.2 Effect of structural genes of HCV genotype 1a on the expression of cellular genes 

involved in the steatosis  

   To analyze the effect of structural genes, we compared the mRNA expression levels of 

SREBP, HMGR, ACC, FAS genes in Huh-7 cells transiently transfected with or without 0.4µg 

HCV structural proteins Core, E1, E2, p7 and pCR3.1 plasmid alone as mock (M) samples for 48 

hrs. Total cellular RNA was isolated from Huh-7 cells and quantified by real time PCR as 

described in materials and methods. Up regulation of genes were SREBP (1.7 fold), HMGR (2. 

fold), ACC (1.4 fold) and FAS (1.3 fold) by Core 1a while E2 1a induced SREBP (2.4 fold), 

HMGR (2 fold), ACC (2.26 fold) and FAS (1 fold) as compared to control Results indicated that 

HCV-3a Core and E 2 gene induced the expression of SREBP, HMGR, ACC and FAS genes at 

significantly higher levels as compared to the HCV structural protein E1, p7. So we selected 

HCV Core and E 2 genes for further study (Figure 5.27A). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.27A: Effect of structural genes on the expression of cellular genes involved in the 

steatosis. Relative Gene expression of SREBP, HMGR, ACC, FAS in Huh-7 cells transfected 

with HCV structural genes Core, E1, E2, p7 and pCR3.1 plasmid alone as mock (M) samples 

(0.4µg DNA/well) of each plasmid by Real-Time PCR. All experiments were performed in 3 

independent experiments having triplicate samples in each. Error bars indicate, mean S.D, 

*p<0.01 verses mock. 
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5.2.3 Effect of Core gene of HCV genotype 1a and 3a on cellular genes involved in 

steatosis. 

However, several reports have documented an involvement of HCV Core protein in 

pathogenesis of steatosis by modulating the cellular genes which are involved in fatty acid 

synthesis and oxidation. In this comparative study, we observed the mRNA expression levels of 

Adipo R2, PPAR-α (involved in lipid oxidation) and PEPCK 2, SREBP, ACC, HMGR, FAS 

(involved in lipid/cholesterol synthesis) in Huh-7 cells transfected with either HCV-3a or 1a 

Core expression plasmids.  

5.2.4 Expression of Adipo R2 and PAPR-α genes in Huh-7 cells transfected with HCV 

Core-3a as compare to Core 1a: 

 Semi-quantitative RT PCR results showed the reduction in the expression of Adipo R2 

and PAPR-α in HCV 3a Core transfected cells as compared to mock (Figure 5.28B). The 

reduced expression levels of 53% and 43% were observed for Adipo R2 and PAPR-α 

respectively in genotype 3a as compare to 1a. Adipo R2 and PPAR-α expression was reduced in 

Core 3a transfected cells (47% and 57%) while it increased in Core 1a transfected cells (78.4% 

and 80%) respectively (Figure 5.28B).    

  

 

 

 

 Figure 5.28: Effect of HCV Core-3a on gene expression of Adipo R2 and PAPR-α in Huh-

7Cells. A) Huh-7 cells transiently transfected with HCV Core 1a (C1a), 3a (C3a) and 

pCR3.1plasmid alone as mock (M) samples (0.4µg DNA/well of each plasmid). Cells were 

harvested and relative RNA determinations were carried out using semi-quantitative RT-PCR.  

B) Relative Gene expression of Adipo R2 and PPARα in Huh-7 cells Transfected with HCV 

Core vectors 1a (C1a), 3a (C3a) and mock (M) samples. All experiments were performed in 3 

independent experiments having triplicate samples in each. Error bars indicate, mean S.D, 

*p<0.01 verses normal.   
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5.2.5 Expression of PEPCK, SREBP, HMGR, ACC and FAS genes in Huh-7 cells 

transfected with HCV Core 3a as compare to Core 1a: 

Expression of SREBP, HMGR, ACC, and FAS genes was quantified by both semi-

quantitative and Real-Time PCR. Huh-7 cells transfected with HCV 3a Core significantly 

enhanced the expression of SREBP, HMGR, ACC and FAS genes compared to Huh-7 cells 

transfected with HCV Core of genotype 1a and mock (Figure 5.29B). Up regulation of genes 

were SREBP (3.7 fold), HMGR (5.29 fold), ACC (3.5 fold) and FAS (4.13 fold) by Core 3a 

while Core 1a induced SREBP (2.3 fold), HMGR (2.09 fold), ACC (2.46 fold) and FAS (1.2 

fold) as compared to control (Figure 5.29B).   

 

 

 

 

 

 

 

 

 

Figure 5.29: Effect HCV Core protien on gene expression of PEPCK, SREBP, HMGR, 

ACC and FAS in Huh-7 cells. A) Huh-7 cells transiently transfected with HCV Core 1a (C1a), 

3a (C3a) and pCR3.1plasmid alone as mock (M) samples (0.4µg DNA/well of each plasmid). 

Cells were harvested and relative RNA determinations were carried out using semi-quantitative 

RT-PCR B) Relative Gene expression of SREBP, HMGR, ACC, FAS in Huh-7 cells transfected 

with HCV Core vectors 1a (C1a), 3a (C3a) and pCR3.1 plasmid alone in mock (M) samples by 

Real-Time PCR. All experiments were performed in 3 independent experiments having triplicate 

samples in each. Error bars indicate, mean S.D, *p<0.01 verses normal. 
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5.2.6 Western blot analysis of FAS and HMGR in Huh-7 Cells transfected with HCV 

Core:   

FAS and HMGR are the Core genes which are basically involved in lipid and cholesterol 

synthesis respectively. The protein expression levels of HMGR and FAS were determined by 

western blot analysis from Huh-7 cell lysates transfected with HCV Core vectors 1a (C1a), 3a 

(C3a) and pCR3.1 plasmid alone in mock (M) samples. Huh-7 transfected with HCV-3a Core 

enhanced the expression of HMGR and FAS genes compared to Huh-7 transfected with HCV 

Core of genotype 1a and mock (Figure 5.30). 

 

                                            

 

Figure 5.30: HCV 3a Core gene increases protein expression of HMGR and FAS genes. 

HCV Core protein Effects on expression of HMGR, FAS at protein level in Huh-7 cells were 

transfected with HCV Core vectors 1a (C1a), 3a (C3a) and pCR3.1 plasmid alone in mock (M). 

Protein expression levels were determined by western blot analysis after 48 hrs transfection in 

Huh-7 cells with GAPDH as internal control. 

   

 

 

 

 

 

 

 



 

 109

5.2.7 Effect of Core siRNA on expression of SREBP, HMGR, ACC, FAS genes: 

The role of HCV Core gene of genotype 3a in regulation of cellular genes was confirmed 

by semi-quantitative RT-PCR by down regulation of Core, using Core specific siRNA in Huh-7 

cell line. The expression of SREBP, HMGR, ACC, FAS genes was decreased in Huh-7 cells 

transfected with Core specific siRNA (Figure 5.31A). The role of HCV Core gene in activation 

of SREBP, HMGR, ACC, FAS was confirmed by down regulation of Core gene using Core 

specific siRNA in Huh-7 cell line. There was 2 to 4 fold increase in expression of SREBP, 

HMGR, ACC, FAS in Core-transfected Huh-7 cells as compared to that of control and there was 

3.2, 1.5, 3 and old decrease in expression of SREBP, HMGR, ACC, FAS respectively in Huh-7 

cells cotransfected with Csi27 siRNA inhibitory effect of Core specific Csi27 siRNA was 

observed in Core transfected cells as compared to mock (Figure 5.31B). 

                                 

 

Figure 5.31: HCV 3a Core-specific siRNA inhibit expression of genes SREBP, HMGR, 

ACC, FAS genes. A) Indirect effect of Core siRNA on expression of SREBP, HMGR, ACC, 

FAS in mock (M), Core (C), scramble (SC), Core siRNA (Csi 27), respectively. Cells were 

harvested and relative RNA determinations were carried out using semi-quantitative RT-PCR. B) 

Total cellular RNA extracted, after 248 hrs post transfection, was quantified by Real-Time PCR 

using gene specific primers in comparison to mock. All experiments were performed in 3 

independent experiments having triplicate samples in each. Error bars indicate, mean S.D, 

*p<0.01 verses mock (M). 
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5.2.8 Expression of cellular genes Adipo R2 and PAPRα in HCV E2 of genotype 1a and 

3a transfected Huh-7 cells:  

The effect of HCV structural genes E2 of genotype 1a and 3a on expression of cellular 

genes was detected by semi-quantitative RT-PCR. Reduction in the expression of Adipo R2 and 

PAPRα was observed in E2 transfected cells as compared to mock (Figure 5.32A). Real-Time 

PCR  results showed 63% and 55% reduction in the expression of Adipo R2 and PAPRα 

respectively, was observed in genotype 3a as compare to 1a (Figure 5.32B). 

 

 

 

 

 

 

 

 

 

 

Figure 5.32: HCV E2 protein down regulate gene expression of Adipo R2 and PAPRα in 

Huh-7 cells. A) Gene expression of Adipo R2 and PAPRα in Huh-7 transfected with HCV E2 of 

genotype 3a (E2 3a) and HCV E2 of genotype 1a (E2 1a) as compare to mock. Cells were 

harvested and relative RNA determinations were carried out using semi-quantitative RT-PCR. B) 

Relative gene expression of Adipo R2 and PAPRα in Huh-7 transfected with HCV E2 of 

genotype 3a as compare to HCV E2 of genotype 1a and mock by Real-Time PCR.  Error bars 

indicate, mean S.D, *p<0.01 verses normal.  
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5.2.9 Expression of cellular SREBP, HMGR, ACC, and FAS genes in HCV E2 of 

genotype 1a and 3a transfected Huh-7 cells 

 Expression levels of SREBP, HMGR, ACC, and FAS genes were quantified by both 

semi-quantitative and Real-Time PCR. Huh-7 cells transfected with HCV 3a E2 significantly 

enhanced the expression of SREBP, HMGR, ACC and FAS genes compared to Huh-7 cells 

transfected with HCV E2 of genotype 1a and mock. Up regulation of genes were SREBP (3.7 

fold), HMGR (3.29 fold), ACC (3.5 fold) and FAS (4.3 fold) by E2 3a while E2 1a induce 

SREBP (2.3 fold), HMGR (2.09 fold), ACC (2.46 fold) and FAS (1.2 fold) as compared to 

control (Figure 5.33).   

 

 

 

 

 

 

 

 

 

Figure 5.33: HCV E2 protein up regulate gene expression of SREBP, HMGR, ACC and 

FAS in Huh-7 cells. Relative gene expression analysis of SREBP, HMGR, ACC, FAS in Huh-7 

transfected with HCV E2 of genotype 3a (E2 3a) to and HCV E2 of genotype 1a (E2 1a) as 

compare mock by Real-Time PCR. All experiments were performed in 3 independent 

experiments having triplicate samples in each. Error bars indicate, mean S.D, *p<0.01 verses 

mock. 
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5.2.10 Low levels of gene expression for Adipo R2 and PPAR-α, involved in lipid oxidation 

in HCV patients of genotype 3a and 1a: 

 In this study we compared the expression of HCV induce Adipo R2 and PPAR-α gene in 

HCV-1a and 3a infected patient’s PBMCs. Total cellular RNA was isolated from normal and 

HCV infected blood samples and 1µg of the RNA was reverse transcribed. The expression 

analysis of Adipo R2 and PPAR-α gene was carried out by relative RT-PCR by using gene 

specific primers. The RT-PCR results indicate that expression of Adipo R2 and PPAR-α was low 

in blood of HCV patients with genotype 1a and 3a as compared to that of normal (Figure 

5.34A). Real-Time PCR results revealed that Adipo R2 and PPAR-α expression was higher in 

HCV genotype 1a (73.4% and 66%) than genotype 3a (53.6% and 38%) (Figure 5.34B).   

  

               

      

 

Figure 5.34: Comparison of expression of Adipo R2 and PPAR-α gene in HCV-1a and 3a 

infected patient’s blood samples verses normal. A) RNA was extracted from HCV-1a and 3a 

infected patient’s blood samples verses normal. Relative RNA determinations were carried out 

using semi-quantitative RT-PCR. B) Comparison of expression of Adipo R2 and PPAR-α gene 

expressed as relative fold induction in HCV-1a and 3a infected patient’s blood samples verses 

normal. All experiments were performed in 3 independent experiments having triplicate samples 

in each. Error bars indicate, mean S.D, *p<0.01 verses normal. 

 

 

 

A 

 B 



 

 113

5.2.11 Expression of cellular genes PEPCK, SREBP, HMGR, ACC and FAS genes 

involved in lipid synthesis in HCV patients of genotype 3a and 1a: 

Total cellular RNA was isolated from normal, HCV infected blood samples and 1µg of 

the RNA was reverse transcribed. Semi-quantitative RT-PCR showed that expression of PEPCK, 

HMGR, SREBP, PPAR ACC and FAS was high in blood of HCV patients with genotype 1a and 

3a as compared to that of normal (Figure 5.35A). Real-Time PCR data showed higher 

expression of the PEPCK (3.64 fold), SREBP (4.7 fold), HMGR (6.12 fold), ACC (3.5 fold) and 

FAS (2.3fold) in HCV-3a infected blood while in HCV-1a infected patients blood, PEPCK 

expression was (1.5 fold), SREBP (2.3 fold), HMGR (2.0 fold), ACC (2.4 fold) and FAS 

expression was (1.2 fold) compared to normal (Figure 5.35B).  

 

 

 

 

   

 

 

 

 

 

 

 

 

 

Figure 5.35: Comparison of expression of PEPCK, HMGR, SREBP, PPAR ACC and FAS 

genes in HCV-1a and 3a infected patient’s blood samples verses normal. A) RNA was 

extracted from HCV-1a and 3a infected patient’s blood samples verses normal. Relative RNA 

determinations were carried out using semi-quantitative RT-PCR. B) Comparison of expression 

of PEPCK, HMGR, SREBP, PPAR ACC and FAS genes expressed as relative fold induction in 

HCV-1a and 3a infected patient’s blood samples verses normal. All experiments were performed 

in 3 independent experiments having triplicate samples in each. Error bars indicate, mean S.D, 

*p<0.01 verses normal. 
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5.2.12 Expression analysis of Adipo R2 and PPAR-α gene in liver biopsy samples of HCV 

3a infected patients and normal individual. 

In this study we compared the expression of HCV induce Adipo R2 and PPAR-α gene in 

HCV 1a and 3a infected patient’s biopsy. Total cellular RNA was isolated from normal and 

HCV-infected biopsy samples and 1µg of the RNA was reverse transcribed. The expression 

analysis of Adipo R2 and PPAR-α gene was carried out by RT-PCR by using gene specific 

primers. The RT-PCR results indicated low levels of expression for Adipo R2 and PPAR-α in 

biopsy of HCV patients with genotype 3a as compared to normal (Figure 5.36A). Real-Time 

PCR results revealed that Adipo R2 and PPAR-α expression was higher in HCV genotype 1a 

(73.4% and 66%) than genotype 3a (53.6% and 38%) respectively (Figure 5.36B). 

                                       

 

 

 

 

 

 

 

 

 

 

 

Figure 5.36: Comparison of expression of Adipo R2 and PPAR-α genes in HCV 3a infected 

patient’s biopsy samples verses normal. A) RNA was extracted from HCV 3a infected 

patient’s biopsy samples verses normal. Relative RNA determinations were carried out using 

semi-quantitative RT-PCR. B) Comparison of expression of Adipo R2 and PPAR-α gene 

expressed as relative fold induction in HCV 3a infected patient’s biopsy samples verses normal. 

Real-Time PCR analysis was performed in 3 independent experiments having duplicate samples 

from 2 biopsy samples. Error bars indicate, mean S.D, *p<0.01 verses normal. 
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5.2.13 Expression analysis of PEPCK/SREBP/HMGR/ACC/FAS genes in liver biopsy 

samples of HCV 3a Infected patients and normal individual 

Total cellular RNA was isolated from normal, HCV infected biopsy samples and 1µg of 

the RNA was reverse transcribed. The expression of PEPCK, HMGR, SREBP, PPAR ACC and 

FAS was higher in the biopsy of HCV patients with genotype 3a as compared to normal samples 

(Figure 5.37A). Real-Time PCR data showed that higher levels of expression for PEPCK (2.64 

fold), SREBP (3.7 fold), HMGR (5.12 fold), ACC (4.5 fold) and FAS (4.3fold) in HCV-3a 

infected blood as compared to normal (Figure 5.37B).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.37: Comparison of expression of PEPCK, HMGR, SREBP, PPAR ACC and FAS 

genes in HCV 3a infected patient’s biopsy samples verses normal samples. A) RNA was 

extracted from HCV 3a infected patient’s biopsy samples verses normal. Relative RNA 

determinations were carried out using semi-quantitative RT-PCR. B) Comparison of expression 

of PEPCK, HMGR, SREBP, PPAR ACC and FAS genes expressed as relative fold induction in 

HCV 3a infected patient’s biopsy samples verses normal. All experiments were performed in 3 

independent experiments having duplicate samples in each. Error bars indicate, mean S.D, 

*p<0.01 verses normal. 
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5.2.14 Up-regulation of (PEPCK/SREBP/HMGR/ACC/FAS) in Huh-7 infected with serum 

1a and 3a  

To further confirm the above results, whether HCV infected serum induces gene 

expression of PEPCK, SREBP, HMGR, ACC, FAS and down regulates Adipo R2, Huh-7 cells 

were infected with HCV infected serum verses negative HCV serum. Huh-7 infected with HCV 

3a serum stimulated the expression of PEPCK, SREBP, HMGR, ACC, FAS genes compared to 

Huh-7 infected with HCV serum of genotype 1a and normal serum (Figure 5.38A). The levels of 

activation of these genes were found to be high in HCV genotype 3a as compared to 1a. In this 

study, we also compare the expression of HCV induce SREBP, HMGR, ACC, and FAS mRNA 

expression in HCV 1a and 3a serum infected Huh-7 cells. Real-Time PCR results indicate that up 

regulation of the gene in HCV-3a infected serum was SREBP (2.7 fold), HMGR (3.49 fold), 

ACC (2.6 fold) and FAS (2.3fold) while in HCV-1a infected patients serum SREBP expression 

was (1.3 fold), HMGR (1.5 fold), ACC (2.4 fold) and FAS expression was (1.2 fold) compared 

to normal (Figure 5.38B). 
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Figure 5.38: Up regulation of SREBP, HMGR, ACC and FAS genes expression in HCV 3a 

serum infected Huh-7 cells. A) Gene expression of SREBP, HMGR, ACC, FAS in Huh-7 

infected with HCV serum of genotype 3a (S3a) and HCV serum of genotype 1a (S1a) as 

compare to normal serum (NSer).  Cells were harvested and relative RNA determinations were 

carried out using semi-quantitative RT-PCR. B) Relative Gene expression of SREBP, HMGR, 

ACC, FAS in Huh-7 infected with HCV serum of genotype 3a (S3a) and HCV serum of 

genotype 1a (S1a) as compare to normal serum (N) by Real-Time PCR. All experiments were 

performed in 3 independent experiments having triplicate samples in each. Error bars indicate, 

mean S.D, *p<0.01 verses normal. 
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RESULTS 

 Caspase-3, 6, 8, 9, 10, (proteases involved in apoptosis signaling cascade) Cyto and p53 

interaction is important in apoptosis. Caspase-3, 9, p53 is the main down stream effecter 

activated by caspase-6, 8, 10 essential factors of the extrinsic cell death pathway. To unfold the 

effect of HCV, we studied the level of Caspase-3, 6, 8, 9, 10, p53 expression of the in blood of 

HCV patients of genotype1a and 3a compared with normal subjects. We also studied expression 

levels of the Caspase-3, 6, 8, 9, 10, p53 in the pCR3.1 FLAG TAG/Core, E1, E2 and p7 of HCV 

genotype 1a and 3a-transfected Huh-7 cells and compared to the controls.  

 

5.3.1 Expression analysis of Caspase-3, 6, 8, 9, 10, Cyto and p53 in blood of normal and 

HCV patients of genotype 1a and 3a  

 Total RNA was extracted from the blood of normal individual and HCV patients 

(genotype 1a, 3a). The expression of Caspase-3, 6, 8, 9, 10, Cyto and p53 was higher in the 

blood of HCV patients with genotype 1a and 3a as compared to normal samples. The levels of 

expression were 3.5,4.5, 3.8, 4.2, 2.1, 2.3 fold for Caspase-3, 6, 8, 9, 10, Cyto C and p53, 

respectively in PBMC of HCV patient of Genotype 3a whereas 2, 2.3, 1.2, 1.7, 2.8, 1.9, 2.4 fold 

expression levels were observed for Caspase-3, 6, 8, 9, 10, Cyto C and p53 genes respectively, in 

PBMC of HCV patient of Genotype 1a  as compare to normal (Figure 5.40).  
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Figure 5.39: Comparison of expression of Caspase-3, 6, 8, 9, 10, Cyto and p53 genes in 

HCV-1a and 3a infected patient’s blood samples verses normal. A) RNA was extracted from 

HCV-1a and 3a infected patient’s blood samples verses normal. Relative RNA determinations 

were carried out using semi-quantitative RT-PCR. B) Comparison of expression of Caspase-3, 6, 

8, 9, 10, Cyto and p53 genes expressed as relative fold induction in HCV-1a and 3a infected 

patient’s blood samples verses normal. All experiments were performed in 3 independent 

experiments having triplicate samples in each. Error bars indicate, mean S.D, *p<0.01 verses 

normal 
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5.3.2 Expression analysis of Caspase-3, 6, 8, 9, 10, Cyto and p53 in normal and HCV 

patients of genotype 1a and 3a  

 Total RNA was extracted from the blood of normal individual, HCV patients 

(genotype1a, 3a). The expression of Caspase-3, 6, 8, 9, 10, Cyto and p53 was found to be 

increased in blood of HCV patients with genotype 1a and 3a as compared to the normal. The 

expression levels for Caspase-3, 6, 8, 9, 10, Cyto C and p53 genes were 3.5,4.5, 3.8, 4.2, 2.1, 2.3 

fold respectively, in biopsy samples of HCV patient of Genotype 3a whereas, 2, 2.3, 1.2, 1.7, 2.8, 

1.9, 2.4 fold expression was observed for Caspase-3, 6, 8, 9, 10, Cyto C and p53 genes 

respectively, in biopsy samples of HCV patient of Genotype 1a  as compare to normal samples 

(Figure 5.41).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.40: Comparison of expression of Caspase-3, 6, 8, 9, 10, Cyto and P53 genes in 

HCV 3a infected patient’s biopsy samples verses normal. Expression of Caspase-3, 6, 8, 9, 

10, Cyto and P53 genes expressed as relative fold induction in HCV 3a infected patient’s biopsy 

samples verses normal. Real-Time PCR analysis was performed in 3 independent experiments 

having duplicate samples from 2 biopsy samples. All experiments were performed in 3 

independent experiments having triplicate samples in each. Error bars indicate, mean S.D, 

*p<0.01 verses normal. 
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5.3.3 HCV 3a E2 gene increases expression of cellular genes (Caspase-3, 6, 8, 9, 10, Cyto 

and p53) involved in HCV-induced apoptosis at mRNA level more than HCV 1a 

genotype:  

  

 The mRNA expression of Caspase-3, 6, 8, 9, 10, Cyto C and p53 genes  in  E2 gene 

(genotype 1a and 3a) transfected Huh-7 cells was observed and found increased expression of 

Caspase-3, 6, 8, 9, 10, Cyto C and p53 genes in transfected cells as compared to the control 

(Figure 5.42A). It was also observed that expression of selected genes is higher in 3a as 

compared to 1a Core transfected Huh-7 cells. The effect of HCV Core gene of genotype 1a and 

3a on expression of cellular genes Caspase-3, 6, 8, 9, 10, Cyto C and p53 genes was detected by 

Real-Time PCR using gene specific-primers and SYBR Green mix (Fermentas). Increase in the 

expression of Caspase-3, 6, 8, 9, 10, Cyto C and p53 genes was  2, 1.5, 1.8, 2, 2.8, 1.8 fold in 

HCV 3a Core transfected cells and 1.1, 1.3, 1.2, 1.7, 1.1, 1.6 fold increase in HCV Core 1a 

transfected Huh-7 was observed, respectively (Figure 5.42B).     
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Figure 5.41: HCV E2 protein up regulate gene expression of Caspase-3, 6, 8, 9, 10, Cyto C 

and p53 in Huh-7 cells. A) Gene expression of Caspase-3, 6, 8, 9, 10, Cyto C and p53 in Huh-7 

transfected with HCV E2 of genotype 3a (E2 3a) and HCV E2 of genotype 1a (E2 1a) as 

compare to mock. Cells were harvested and relative RNA determinations were carried out using 

semi-quantitative RT-PCR. B) Relative gene expression of Adipo R2 and PAPRα in Huh-7 

transfected with HCV E2 of genotype 3a as compare to HCV E2 of genotype 1a and mock by 

Real-Time PCR.  Error bars indicate, mean S.D, *p<0.01 verses normal. 
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5.3.3.1 HCV 3a E2 gene increases expression of Caspase 3:   

 

Since Caspase 3 is the effector of apoptosis, we determined the protein expression levels 

of Caspase 3 gene for both genotypes. Cell lysates from Huh-7 cells, transfected with HCV 3a 

Core plasmid were examined by western blot analysis using E2, Caspase 3 and GAPDH specific 

antibodies.  There was significant increase in the expression levels of Caspase 3 protein in E2 of 

HCV 3a genotype transfected cells as compared toE2 of HCV 1a and mock. Protein levels for 

GAPDH gene are shown as internal control (Figure 5.43). Increased expression of Caspase 3 in 

E2 3a transfected Huh-7 cells shows the greater involvement of HCV E2 gene of genotype 3a.   

 

 

 

 

 

 

 

 

Figure 5.42: HCV 3a E2 gene increases Caspase 3 expression. The protein expression levels 

were determined by western blot analysis from Huh-7 cell lysates transfected with HCV 1a gene 

(E2 1a), 3a (E2 3a) compared to normal using specific antibody. Protein levels for GAPDH gene 

are shown as internal control. 
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5.3.4 HCV 3a E2-specific siRNA inhibit expression of genes Caspase 3 and Caspase 8 

genes:   

We determined the effect of HCV 3a E2 siRNAs on mRNA expression levels of Caspase 

3 and Caspase 8 genes in Huh-7 cells. After 48 hr transient transfection, mRNA expression 

levels were determined by Real-Time quantitative PCR. Both EG and EH siRNAs decreased the 

expression levels of Caspase 3 to 2 and 3 folds, respectively and Caspase 8 to 1 fold for both 

siRNA. There was no significant effect of the control scrambled siRNA on the expression levels 

of these genes (Figure 5.44B). 

 

 

 

 

 

 

 

 

 

 

Figure 5.43: HCV 3a E2-specific siRNA inhibit expression of genes Caspase 3 and 8. A) 

Expression of Caspase 3 and 8 in Huh-7 cells transfected with HCV E2 expression vector or 

mock along with or without E2 siRNAs for 48 hrs. For mock-transfected (M), HCV-3a E2 

expression plasmid (E23a), scramble siRNA (SC) Silencing effect of HCV-3a E2 gene on the 

RNA expression levels of  Caspase 3 and 8  was quantified by Real-Time PCR using gene 

specific primers in comparison to mock. Three independent experiments were performed having 

triplicate samples. Error bars indicate, mean S.D, *p< 0.001 verses Core.  

 

 

 

 

 

 

  A   B 



 

 126

 

5.3.5 Silencing of HCV-3a E2 gene and its effect on Caspase 3 show reduction at protein 

expression levels 

To further analyze the effect of HCV 3a E2 siRNA on the protein expression levels, 

western blot was performed from 48hrs siRNA-transfected cells extracts. Complementary to 

reduced mRNA levels, HCV 3a E2 protein expression levels also showed dramatic reduction 

with both siRNAs. The EG and EH siRNAs showed 80% and 76% inhibition of E2 gene and 

45% and 70% of Caspase 3, respectively. The control scramble siRNA showed no effect on the 

protein expression levels. GAPDH was used as internal control (Figure 5.45).     

 

 

 

 

 

 

 

 

 

Figure 5.44: Silencing of HCV-3a E2 gene and its effect on Caspase 3. Huh-7 cells were 

transfected with HCV E2 expression vector or mock along with or without E2 siRNAs for 48 

hrs. For HCV-3a E2 expression plasmid (E23a), scramble siRNA (SC). EG and EH are E2 

siRNA.  Using specific antibodies, protein expression levels were determined by western blot 

analysis after 48 hrs transfection in Huh-7 cells with GAPDH as internal control. 

 

 

 

 

 

 

 



 

 127

5.3.6 Expression of Caspase-3, 8, 9, 10, Cyto and p53 genes in Huh-7 transfected  with   

HCV Core gene of genotype 1a and 3a  

 The mRNA expression of Caspase-3, 8, 9, 10, Cyto C and p53 genes  in Core (genotype 

1a and 3a) transfected Huh-7 cells was observed and found reduced levels of expression for these 

genes in Core 3a transfected cells as compared to the control and 1a Core transfected cells 

(Figure 5.47A). However, these effects were more profound in results obtained from Real-Time 

PCR. The effect of HCV Core gene of genotype 1a and 3a on expression of cellular genes 

Caspase-3, 6, 8, 9, 10, Cyto C and p53 genes was detected by Real-Time PCR using gene 

specific-primers and SYBR Green mix (Fermentas). Each Real-Time PCR assay was performed 

in triplicate. Reduced expression of Caspase-3, 8, 9, 10, Cyto C and p53 genes was observed in 

Core-transfected cells for genotype 3a as compared to genotype 1a. Reduction in the expression 

of Caspase-3, 8, 9, 10, Cyto C and p53 genes  was observed 60%, 40%, 60%, 35%, 60%, 30% 

respectively as compare to mock (Figure 5.47B). 
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Figure 5.45: Effect on the gene Expression of Caspase-3, 8, 9, 10, Cyto and p53 genes in 

Huh-7. A) Huh-7 cells transiently transfected with HCV Core 1a (C1a), 3a (C3a) and 

pCR3.1plasmid alone as mock (M) samples (0.4µg DNA/well of each plasmid). Cells were 

harvested and relative RNA determinations were carried out using semi-quantitative RT-PCR. B) 

Comparison of gene expression Caspase-3, 8, 9, 10, Cyto C and p53 genes of in Huh-7 cells 

transiently transfected with HCV Core 1a (C1a), 3a (C3a) and pCR3.1 plasmid alone as mock 

(M) samples (0.4µg DNA/well of each plasmid). All experiments were performed in 3 

independent experiments having triplicate samples in each. Error bars indicate, mean S.D, 

*p<0.01 verses mock. 
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5.3.6.1 HCV 3a Core gene decreases expression of Caspase 3 at protein level and increases 

cell proliferation:   

 

 Additionally, we determined the protein expression levels of Caspase 3 gene for 

both genotypes. Cell lysates from Huh-7 cells, transfected with HCV 3a Core plasmid were 

examined by western blot analysis using Core, Caspase 3 and GAPDH specific antibodies.  

There was significant reduction in the expression levels of Caspase 3  protein in Huh-7 cells 

HCV 3a genotype as compared to HCV 1a (Figure 5.48A). We also determined the effect of 

Core on cell proliferation through MTT cell proliferation assay. Results indicated significant 

enhanced cell proliferation with HCV 3a genotype when compared with HCV 1a genotype 

(Figure 5.48B).   

 

                                                 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.46: HCV 3a Core gene decreases expression of Caspase 3 at protein level and 

increases cell proliferation. A) Protein expression levels were determined by western blot 

analysis from Huh-7 cell lysates transfected with HCV-1a Core gene (C1a), 3a (C3a) using 

specific antibody. Protein levels for GAPDH gene are shown as internal control. B) MTT assay 

showed the proliferation of Huh-7 cells to mock HCV-3a and Core 1a, observed at 570nm 

wavelength. All experiments were performed in 3 independent experiments having triplicate 

samples in each. Error bars indicate, mean S.D, *p<0.01 verses mock. 
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5.3.7 Silencing of HCV receptors at mRNA level by their specific siRNA in a dose 

dependant manner:  

   In-vitro transcribed siRNAs were designed against HCV receptor CD-81, LDL, SR 

and CLD gene (Table 1). Huh-7 cells were infected with HCV-3a serum (S3a) treated along with 

or without 25nM, 50nM and 100nM of siRNAs against HCV receptors for 48 hrs. Transient 

transfection of HCV receptor CD-81, LDL, SR and CLD siRNAs in Huh-7 cells after 48 hr 

showed reduced RNA expression levels of their receptors in a dose-dependent manner. 

Maximum inhibition was observed at 100 nM concentration for each receptor. Cells transfected 

with scramble siRNA showed no change in expression levels of CD-81, LDL, SR and CLD 

genes (Figure 5.48). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.47: Silencing of HCV receptors at mRNA level by their specific siRNA in a dose 

dependant manner. Huh-7 cells were infected with HCV-3a serum (S3a) treated along with or 

without 25nM, 50nM and 100nM of siRNAs against HCV receptors for 48 hrs. A) CD-81siRNA 

reduced gene expression of CD-81at 100 nM B) LDL siRNA reduced gene expression of LDL at 

100 nM C) CLD siRNA reduced gene expression of CLD at 50 and100 nM D) SR-B siRNA 

reduced gene expression of SR-B at 100 nM measured through semi-quantitative PCR. 
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5.3.8 Effect of Silencing of HCV receptors by their specific siRNA on viral titre in Huh-7 

cells:  

  To determine whether siRNA against HCV receptors can reduce viral load in HCV-

infected cells, Huh-7 cells were infected with HCV serum with or without siRNAs against HCV 

receptors for 48hrs and their RNA and viral loads were quantified by Real-Time PCR. Results 

showed 65%, 56%, 40%, and 22% decrease in viral load incubated with HCV Receptor CD-81, 

LDL, SR and CLD siRNAs, respectively (Figure 5.49A) Suppression of HCV RNA (80%) was 

observed with the combination of both siRNAs (CD-81, LDL siRNAs) (Figure 5.49B). 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

Figure 5.48: Effect of Silencing of HCV receptors by their specific siRNA on viral titre in 

Huh-7 cells. A) Viral titre in Huh-7 cells treated with scrambler siRNAs (Sc) and si (siRNA of 
CD-81, LDL, SR and CLD) and incubated for 6 hrs before adding HCV-3a sera (Ser 3a). B) 

Viral titre in Huh-7 cells treated with scrambler siRNAs (Sc) and (siCD81 and siLDL) either 

alone or in combinations (siCD81+ siLDL). HCV RNA levels were quantified by Real-Time 

PCR. Data are expressed as mean percent viral load of non-siRNA treated samples. Three 

independent experiments with triplicate determinations were performed. Error bars indicate, 

mean S.D *p<0.01 verses Ser3a.   
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5.3.9 Effect of combined inhibition of HCV E2 gene and HCV receptors by their specific 

siRNA on viral titre in Huh-7 cells:  

  To evaluate the role of HCV E2 gene on HCV receptors in HCV infection and HCV 

pathogenesis, Huh-7 cells were infected with HCV serum with or without siRNAs against HCV 

receptors and HCV E2 gene for 48hrs and viral loads were quantified by Real-Time PCR. 

Results showed a decrease of 60%, 45%, with HCV receptor siRNA CD-81, LDL, 60%, and 

72% with HCV E2 siRNA EG and EH, respectively in viral load. A significant suppression of 

HCV RNA (84% and 78%) was observed with the combination of both more effective siRNAs 

against HCV E2 gene, E2 siRNA (EH) and (CD-81, LDL siRNAs) (Figure 5.50). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.49: Effect of combined inhibition of HCV E2 gene and HCV receptors on viral 

load: Viral titre in Huh-7 cells treated with scrambled siRNAs (Sc) and si (siRNA) CD-81, LDL 

siRNAs E2 siRNA EG and EH either alone or in combinations and incubated for 6 hrs before 

adding HCV-3a sera (Ser 3a). HCV RNA levels were quantified by Real-Time PCR. Three 

independent experiments with triplicate determinations were performed. Error bars indicate, 

mean S.D *p<0.01 verses Ser3a. 
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5.3.10 Effect of combined inhibition of HCV E2 gene and HCV receptors by their specific 

siRNA on cellular genes involved oxidative stress and steatosis   

As our Previous experiments have shown the induction of cellular genes involved in 

steatosis and oxidative stress in HCV serum 3a infected Huh-7. Furthermore we have observed 

the reduction of viral titre in serum infected Huh-7 cells by using siRNA. In this experiment we 

analyzed the effect of reduced titre on the cellular genes involved in steatosis and oxidative stress 

Huh-7 cells were transfected with siRNA against HCV 3a E2 and HCV receptors alone or in 

combination for 6 hrs. Cells were then infected with HCV 3a sera and total cellular RNA was 

quantified by Real-Time PCR after third day of infection. Both siRNA alone or in combination 

inhibited the RNA expression levels of COX-2, iNOS and VEGF involved in oxidative stress 

and ACC, HMGR and FAS involved in HCV induced steatosis. The results indicated that the 

siRNA against HCV 3a E2 and HCV receptors decreased the activated mRNA expression levels 

of COX-2 (upto 60%), iNOS (50%) and VEGF (45%) and reduction of expression of ACC (upto 

50%), HMGR (75%) and FAS (45%) with most effective siRNA combination of HCV 3a E2 and 

HCV receptors (EH and LDL). The control scramble siRNA did not show any effect on 

expression levels of these genes (Figure 5.51).   
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5.3.10.1 Effect of combined inhibition of HCV E2 gene and HCV receptors by their 

specific siRNA on cellular genes involved oxidative stress and steatosis   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.50: Effect of combined inhibition of HCV E2 gene and HCV receptors by their 

specific siRNA on cellular genes involved oxidative stress and steatosis.  Cells were 

transfected with siRNAs Scrambled siRNAs (Sc) and si (siRNA) CD-81, LDL siRNAs E2 

siRNA EG and EH either alone or in combinations and incubated for 6 hrs before adding HCV-

3a sera (Ser 3a). A) Data are expressed as relative fold induction for COX-2, iNOS and VEGF 

genes. B) Relative fold induction for COX-2, iNOS and VEGF genes. All experiments were 

performed in 3 independent experiments having triplicate samples in each. Error bars indicate, 

mean S.D, *p<0.01 verses mock. 
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DISCUSSION 

 Approximately 10% of the Pakistani population (10-15 million individuals) is chronically 

infected with this viral pathogen (Raja et al., 2007) and 40–60% of HCV infected individuals 

leads to chronic liver disease (Khan et al., 2000). There are now increasing evidences about high 

rate of prevalence of HCV associated HCC in the Asian region especially in Pakistan (Idrees et 

al., 2009; Raza et al., 2007) and it has been reported that HCV genotype 3a is mostly prevalent 

in the Pakistan (Idrees and Riazuddin, 2007). The significant involvement of HCV-3a genotype 

compared to other genotypes in HCV induced pathogenesis like liver injury, insulin resistance, 

steatosis and HCC has been reported (Idrees et al., 2009; Pazienza et al., 2008; Rubbia-Brandt et 

al., 2000). The pathogenesis of HCV is a complex process which requires both host cellular and 

viral factors. Viral structural proteins are involved in a whole array of host cell functions 

including signal transduction and transcriptional regulation of genes in the liver (Moriya et al., 

1998). HCV structural proteins have been implicated in various pathways including oxidative 

stress, steatosis and apoptosis which cooperate with each other factors to promote HCV 

pathogenesis. 

HCV infection produces oxidative stress through multiple mechanisms including chronic 

inflammation, iron overload, and liver injury (Tardif et al., 2005). It is reported that HCV Core 

protein regulates gene expression and alter cell signaling pathways (Penin et al., 2004) leading to 

oxidative stress, liver steatosis and eventually HCC (Moriya et al., 1998). HCV proteins also up 

regulate COX-2 expression in hepatocytes and causes oxidative stress leading to HCC (Nunez et 

al., 2004; Okuda et al., 2005).  NO and COX-2 have carcinogenic effects achieved either directly 

or by producing mediators that regulate cellular growth (Chiarugi et al., 1998; Rahman et al., 

2001). COX-2 induces angiogenesis through VEGF and prostaglandin production, and can also 
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inhibit apoptosis by activating antiapoptotic signaling through AKT/PKB (Rahman et al., 2002). 

We selected Huh-7 cells as cell culture model system for the transient transfection and viral load 

analysis as it is permissive to HCV infection and replication. The Huh-7 cells have been used as 

model cell culture systems to study mechanisms of HCV associated hepatocarcinogensis by 

several investigators using either transient transfection or generating stably transfected cell lines 

(Suzuki,et al.,2007; Zekri et al. 2009; Wenjun et al., 2009, Sun et al., 2004). 

Although several studies have documented some of the interaction of these cellular genes 

in HCV pathogenesis, however, a detailed genome-specific comparative study for the effect of 

HCV on gene expression involved in HCV pathogenesis is still lacking. Current study was aimed 

towards evaluating the role of structural genes of HCV 3a and 1a genotypes on genes involved in 

oxidative stress, steatosis and apoptosis that lead to HCC. In this study, a higher induction of 

COX-2, iNOS, Akt and VEGF was observed in HCV Core-transfected Huh-7 cells as compared 

to other HCV structural genes, E1, E2 and p7 of HCV genotype 3a (Figure 5.1) and genotype 1a 

(Figure 5.2) suggesting a greater involvement of HCV 3a Core gene in the oxidative stress 

pathway. Since HCV Core gene showed higher induction of above genes, therefore, HCV Core 

gene was selected for the remaining studies for oxidative pathway. We observed higher 

expression of HCV Core at 48 hr posttransfection (Figure 5.3) with 0.4µg /well in 24-well plate 

(Figure 5.4) in a dose response and time course analysis of HCV Core overexpression, therefore, 

this dose and time was selected for the remaining experiments. Additionally, Core protein of 

HCV genotype 3a was found to enhance the expression of cellular genes COX-2, iNOS, Akt and 

VEGF at mRNA level (Figure 5.5) and also at protein level. Phosphrylated Akt was found to be 

high in HCV 3a Core transfected cells while total Akt protein level was same (Figure 5.6). Our 

results are consistent to the previous reports which show significant involvement of HCV 
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genotype 3a compared to other genotypes in different HCV induced pathogenesis in liver cells 

like liver injury, insulin resistance, lipid transport, metabolism, cell cycle, immune response and 

steatosis (Rubbia-Brandt et al., 2000; Pazienza et al., 2008). 

Although HCV Core protein is highly conserved between different genotypes, we 

observed mutations in the HCV Core region of 1a and 3a (Figure5.7). Many studies have 

reported that substitutions in the region of Core protein sequence result in enhanced insulin 

resistance, steatosis and oxidative stress (Tachi). Vidali et al., (2008) found a relationship 

between oxidative and hepatic steatosis in the progression of chronic hepatitis C. Amino acid 

substitution at the sequence YATG (1b) and FATG (3a) of HCV Core gene was found to be 

important for FAS activation in genome specific manner (Cram et al, 2008). Previously, 

Hourious et al., (2007) showed a greater involvement of these HCV 3a amino acid sequences in 

lipid accumulation and steatosis in cell culture system. Furthermore, Jhaveri et al (2008) reported 

that amino acid substitution of HCV 3a Core (LLSCLIH) at 182 and 186 positions are associated 

with HCV induced steatosis. We have also observed these same amino acid variations among 

other substitutions, in HCV Core 3a sequence in comparison with 1a (Figure 5.7)  and therefore, 

speculate that these may play a role in differentially regulating genes involved in oxidative stress 

leading to HCC. Since, there is no previous report linking amino acid variations to oxidative 

stress in a genome-specific manner, additional studies are needed to identify the contribution of 

these substitutions to the HCV induced pathogenesis. 

 The level of COX-2, INOS, p-AKT, VEGF and prostaglandin production expression is 

positively correlated in cultured cells and in human liver cancer tissues suggesting their 

involvement in chronic liver diseases (Rahman et al., 2001; Rahman et al., 2002; Testa et al., 

2001). Our results show significantly higher expression of COX-2/iNOS/Akt/VEGF genes not 
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only in HCV-3a patient’s blood as compare to HCV-1a patient’s blood (Figure 5.8) but also in 

HCV-3a patient’s biopsy samples (Figure 5.9). Over expression of COX-2 leads to increased 

levels of proinflammatory molecule PGE2 which in return activates VEGF (Zhao et al., 2007) 

and Akt that promote the growth of human HCC cells (Leng et al., 2003). We observed the 

increased production of PGE2 in HCV-3a Core transfected cells as compare to 1a (Figure 5.10). 

Furthermore the cell proliferation was found to be enhanced in Core-3a transfected cells as a 

result of Core induced COX-2 leading to PGE2 release (Figure 5.11). Our results supported that 

the previous finding that enhanced synthesis of PGE2 as a consequence of up-regulated Core 

induced COX-2 stimulate the release of proangiogenic factor VEGF which in turn enhance cell 

proliferation (Cheng et al., 2004) and Core induced COX-2 and PGE2 signaling may promote 

hepatocarcinogenesis (Leng et al., 2003). These findings of these studies showed greater 

involvement of HCV Core 3a in COX-2/iNOS/Akt/VEGF genes activation which is mainly 

involved in the oxidative stress leading to HCC. 

 siRNA has been used to verify the role of genes as a functional essay. RNAi activity 

directed against multiple target sequences of the HCV genome has been found to block 

effectively the synthesis of replicon RNA by various researchers (reviewed by Khaliq et al., 

2009). To further augment the role of HCV Core gene, Core-specific siRNA was found to reduce 

the expression of COX-2, Akt, iNOS and VEGF against transiently expressing Core gene both at 

mRNA and protein levels (Figure 5.12, 5.13) thereby, confirming its role in oxidative. 

 As it has been demonstrated that inhibitors of COX -2 and INOS inhibit carcinogenesis 

and inhibitors of COX-2 such as siRNAs inhibit cell proliferation and carcinogenesis (Chen et 

al., 2004: Kern et al., 2002 Cheng J et al., 2002). It has been shown that COX-2 inhibitors 

induce growth arrest and apoptosis in several HCC-derived cell lines (Fodera et al., 2004; Kern 
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et al., 2002). A significant inhibition of COX-2 by siRNA was observed at mRNA level in dose 

dependant manner (Figure 5.14). Protein expression analysis revealed suppression of COX-2 

levels 70% in Core transfected cells by COX-2 specific siRNA (Figure 5.15). COX-2 specific-

siRNA also decreased the expression of AKT, INOS and VEGF suggesting a role of COX-2 in 

the activation of these genes (Figure 5.16). The significant inhibition of COX-2 mRNA in 

siRNA transfected cells was accompanied by reduced cell growth and proliferation. These 

findings confirm the role of COX-2 in PGE2 production and cell growth; this is consistent with 

previous observations in which COX-2 siRNA reduced the production of PGE2 and VEGF level 

in treated Huh-7 cells (Zhao et al., 2007). Moreover, we speculate that COX-2/PGE2/VEGF 

pathway possibly contributes to tumor angiogenesis in HCC. Zhao et al., (2007) demonstrated 

that COX-2 specific inhibitor SC-58635 and siRNA suppressed HCC-associated angiogenesis in 

vitro and in vivo.  

 Furthermore, a significant reduction was observed for these genes when treated with 

Csi27 and COXsi in combination both at mRNA (Figure 5.17) and protein levels (Figure 5.18). 

The significant inhibition of Core and COX-2 mRNA in siRNA-transfected cells either alone or 

in combination resulted in reduced PGE2 production 50%, 65% and 85% respectively (Figure 

5.19) and cell proliferation to 30%, 55% and 58% respectively (Figure 5.19). These finding 

shows that Core is not only involved in the upregulation of iNOS/Akt/VEGF and PGE2 

production via Cox-2 signaling but it may also be directly or indirectly responsible for the 

activation of these genes. 

 Recently several groups have studied the validity of HCV replication in serum-infected 

hepatic cell lines and monitored both genomic and replicative viral RNA strands and viral 

proteins (Lazaro et al., 2007; Molina et al., 2008; Buck, 2008). Buck, 2008 reported the validity 
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of human liver cells culture system infected with serum for the study of different HCV 

genotypes. In this study, higher levels of expression for COX-2, Akt, iNOS and VEGF genes 

were obtained both at mRNA and protein levels, in Huh-7 cells infected with HCV-3a in 

comparison to HCV-1a serum (Figure 5.21, 5.22). Interestingly, HCV replication in the Huh-7 

cells showed 55% reduction with Csi27, 60% with COXsi and 75% inhibition when both 

siRNAs were used (Figure 5.23). Our results show that Cox-2 inhibition suppress HCV and 

supports to the present findings of Trujillo-Murillo and his colleagues(2009)in  which suggest 

that COX-2 gene expression may be involved in the ASA-mediated down-regulation of HCV 

expression. At the 3rd day of post infection a decline of viral titer was observed using Core and 

COX-2 siRNA that also reduced the expression of COX-2/Akt/iNOS and VEGF (Figure 5.24, 

25). These results are in accordance with Zekri et al., 2009 who observed inhibition of HCV 

replication by siRNA against 5`UTR both at RNA and protein level in HCV serum-infected Huh-

7 cells (Zekri et al., 2009). 

 Different studies has demonstrated the feasibility of targeting host cellular and viral 

factors involved in HCV infection, as potential targets for siRNA therapy alone or in 

combinations of both like Lamin A/C, Caspase-8, Hsp90 and HCV genes (Randall et al., 2003; 

Song et al., 2003; Korf  et al., 2005; Nakagawa et al., 2007). Taken together these results 

indicate that siRNA against Core and COX-2 might be effective targets in treatment of HCV 

induced of pathogenesis.  

  In conclusion for the oxidative stress pathway, we demonstrate for the first time that 

HCV-3a genotype  is more involved in oxidative stress and angiogenesis induction via elevating 

iNOS and COX-2 and it’s down stream pathway (PGE2/p-Akt/VEGF) as compared to 

genotype1a infected patients both in blood and biopsy samples. Similar trend was observed in 
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Core transfected and serum-infected Huh-7 cells. Core, COX-2 and combination of these 

siRNAs effectively suppressed HCV induced pathogenesis both in Core vector derived and 

serum-infected Huh-7 cells. Downstream effect of siRNA against both viral and cellular gene 

show significant reduction in Akt, iNOS, PGE2 and VEGF expression. In this context, these 

findings provide an evidence for inhibition of HCV replication by dual strategy of RNAi against 

both the viral and host genes that support virus infection to be a potent approach in the treatment 

of chronic hepatitis C. The significance of Core and COX-2 might become a new therapeutic 

target for preventing progression of cirrhosis and   HCC. 

  Since HCV induced oxidative stress and steatosis is correlated to each other and plays a 

pivotal role in the development of liver injury or HCC in chronic HCV infection (Emerit et al., 

2000; DeMaria et al., 1996; Farinati et al., 1995 and Moriya et al., 2001), next, the effects of 

HCV structural genes were explored in HCV induced steatosis. It has been reported that HCV 

Core and NS proteins may accumulate ROS and these cause oxidative stress and steatosis in live 

cell (Lerat et al., 2002). ROS is responsible production of cytokines: TNFα, IL6 and IL8 (Sheikh 

et al., 2008). TNFα down regulate the adiponectine thus, inducing IR and steatosis. The Core 

protein was found to have a variety of actions, including the induction of oxidative stress and 

accumulation of lipids, in cultured cells and transgenic mice (Moriya et al., 2001: Okuda, et al., 

2002). An increased ROS production and increased levels of intrahepatic peroxide lipids was 

observed in the Core gene transgenic mice as compare to control mice (Day and James .1998: 

Weltman et al., 1998). In human HCV genotype 3, which is most common in Pakistan, is more 

commonly associated with steatosis (Abid et al., 2005; Rubbia-Brandt et al., 2000), contributing 

to the development of HCC (Moriya et al., 1998; Hope et al., 2002; Lerat et al., 2002).  
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 Lipid metabolism and signaling can be modulated by HCV at two levels: firstly, by 

impaired fatty acids oxidation which reduce fatty acid degradation and secondly, by increase in 

fatty acid synthesis/ lipogenesis. Adiponectin R2 and PPAR-α gene play a vital role in fatty acid 

oxidation. Adiponectin protects hepatocytes from triglycerides accumulation by increasing β-

oxidation of free fatty acid and/or decreasing free fatty acid production in hepatocytes (You et 

al., 2005). Adiponectin reported to exert its effect by specific receptor Adipo R2 but its role in 

human liver diseases is unclear (Jonsson et al., 2005). Whereas, PPAR-α is a nuclear 

transcription factor and major function of PPAR-α is to control fatty acid oxidation and 

activation and its deficiency results in defective fatty acid oxidation (Leone et al.,1999;Kersten 

et al.,1999) these both pathways are responsible for accumulation of triglycerides in the liver cell  

and induce steatosis. There is no detail study yet to analyze the effect of HCV structural genes of 

different genotypes on the cellular genes which are involved in both signaling pathways fatty 

acid oxidation and synthesis, so in this project we analyzed first time the effect of all structural 

genes of HCV genotype 1a and 3a on cellular genes which are mainly involved in both signaling 

pathways fatty acid oxidation and synthesis.  

 In this study HCV Core and E2 protein of genotype 3a (local isolate in Pakistan) and 

genotype 1a was found to enhance the expression of gene of ACC, FAS, HMGR and SREBP 

involved in fatty acid synthesis in Huh-7 cells as compare to other structural genes (Figure 

5.27,5.27A). Further investigation showed that an increase of ACC, FAS, HMGR and SREBP 

expression was observed in Huh-7 cells transfected with HCV Core and E2 gene of genotype 3a 

as compared to Core and E2 genotype 1a (Figure 5.29). In contrast, significant reduction in the 

expression of Adipo R2 and PPAR-α was observed at mRNA level in Huh-7 cells transfected 

with HCV Core of genotype 3a as compared to Core of genotype 1a (Figure 5.28). These 
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findings suggest a greater involvement of HCV Core of genotype 3a in steatosis progression as 

compared to Core of genotype 1a. These results are consistent to previous reported results in 

which HCV-3a Core is involved in HCV induced steatosis. But our results show first time the 

involvement of HCV 3a E2 in HCV in steatosis as in our study it has up regulated the expression 

of genes ACC, FAS, HMGR and SREBP which are involved in fatty acid synthesis (Figure 

5.33) and down regulated the expression of AdipooR2 and PPAR genes involved in fatty acid 

oxidation (Figure 5.32). Although effect of HCV Core 3a was higher then HCV 3a E2 gene. 

Significant increase in the proteins expression levels of FAS and HMGR in HCV-3a Core 

transiently transfected in Huh-7 cells was observed as compared to Core of HCV-1a which 

supports the hypothesis of the role of HCV-3a Core in stimulation of FAS and HMGR protein 

expression that causes increase lipid and cholesterol synthesis in hepatocytes which leads to 

steatosis (Figure 5.30). 

 To further confirm the role of HCV Core gene in lipogenesis pathway we silenced 

HCV-3a Core gene by using siRNA as has been described above in detail. Since, HCV-3a Core-

specific siRNA (Csi27) was found to more significant in inhibiting the Core expression, so, we 

use Csi27 to evaluate its effect on the expression levels of ACC, FAS, SREBP and HMGR 

genes. It has been observed that Csi27 reduce the expression of   ACC, FAS, SREBP and HMGR 

compared to transiently expressing Core gene at mRNA level, confirming the role of HCV-3a 

Core gene in steatosis by regulating these genes (Figure 5.31). Our results confirming the effect 

of HCV3a Core as described by other researchers with additional role of HCV3a E2 in fatty acid 

synthesis, still more study is needed to confirm its role and how it effects on the fatty acid 

synthesis pathway. While recent studies has described the mutation in HCV 3a Core region due 

to which has profound effect in fatty acid synthesis by regulating cellular genes involved in 
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steatosis. Similar mutation we have observed in our HCV 3a Core region which we used in this 

study. Amino acid substitution at the sequence YATG (1b) and FATG (3a) to be important for 

FAS activation involved in lipid accumulation and steatosis (Jackel-Cram, et al., 2007; Hourioux 

et al., 2007). Jhaveri et al., (2008) reported that amino acid substitution LLSCLIH at 182 and 

186 positions in steatotic patients. We observed same variations in HCV-3a Core sequence 

comparing with HCV-1a; these may be involved in HCV Core induced steatosis (Figure 5.7)      

 Conclusively, these results suggest that greater involvement of HCV-3a Core in 

modulating the expression level of genes which are involved in lipogenesis and oxidation 

pathway may contribute to steatosis progression. Use of siRNA to inhibit Core protein 

expression may be useful therapeutic tool against steatosis progression. In addition, controlling 

the expression level of fatty acid/oxidation genes might be an important therapeutic target for the 

treatment of steatosis. First of all Ohata et al. in 2003 reported steatosis is a risk factor for HCC. 

It was observed that steatosis is significantly associated with HCC and can be  a predictor of 

HCV-related HCC (Pekow et al., 2007) The mechanisms that lead to HCC in  HCV induced 

steatosis are presently undefined. In the transgenic mouse, HCV Core protein enhances the 

production of oxidative stress that cause damage of hepatocytes and leads them to malignant 

transformation. Moreover, HCV proteins cause alterations in cellular gene expression and 

intracellular signaling pathways, including activation of Akt and mitogen-activated protein 

kinase cascade that might lead to HCC (Koike, 2007). Therefore, in the present study to confirm 

our findings we evaluated the expression of these markers in blood of chronic HCV patients as a 

pilot study , specifically in genotype 1a (major genotype in the world) and 3a (local isolate in the 

Pakistan) and found that Adipo R2 and PPAR-α expression was higher in HCV genotype 1a 

(73.4% and 66%) than genotype 3a (53.6% and 38%) respectively, which shows that the 
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expression of Adipo R2 and PPAR-α was more less in HCV genotype 3a as compare 1a to in 

HCV patients blood samples and biopsy samples  (Figure 5.34, 5.36).  Reduced expression of 

Adipo R2 and PPAR-α in HCV infection shows impaired oxidation of fatty acids (Tanaka et al ., 

2008) and it is consistent to reports which shows reduced expression of these genes cause 

impaired fatty acid oxidation and increase FFA and lead to steatosis. As reduced level of PPAR-

α is also involved in impaired oxidation Mitochondrial dysfunction and DNA damage increases 

oxidative stress and leads to HCC, supporting our proposed mechanism that HCV genotype 3a-

induced oxidative stress are correlated with each other and leads to HCV pathogenesis.  

  It has been reported that HCV may modulates lipid metabolism and induce lipid 

accumulation in hepatocytes by activating the genes which are involved in fatty acid synthesis 

pathway thus, induce progression of steatosis. ACC and FAS reaction is positively catalyzed by 

SREBP (Abu-Elheiga et al., 2002) and cholesterol synthesis is controlled by HMGR. 

Furthermore, regulation of HMGR activity controls the level of cholesterol biosynthesis 

(Goldstein and Brown, 1990). By taking into account above information, in this comparative 

study we also investigate the expression of host genes SREBP, ACC, FAS, HMGR and PEPCK2 

which play an essential role in lipid/cholesterol synthesis as well as in gluconeogenesis pathway. 

Our results show enhanced expression of these genes in blood and biopsy samples of HCV 

patients of genotype 3a as compared to 1a (Figure 5.35, 5.36).  These findings reveal that 

steatosis is significantly high in HCV infected patients with genotype 3a as compared to 1a and 

enhanced expression of ACC, FAS, SREBP, PEPCK and HMGR may be a risk factor for 

developing steatosis in HCV patients. These results are sporting the previous reports in which 

elevated expression of some genes was reported in HCV patients but the expression of all these 

important genes was not reported yet. Previously, occurrence of steatosis in chronic hepatitis has 
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mainly been studied but in this study we not only evaluated the expression of fatty acid synthesis 

genes in blood of HCV patients but also in HCV serum infected Huh-7 liver cells and found that 

ACC, FAS, SREBP and HMGR level markedly increases in serum of HCV 3a genotype as 

compared to serum of HCV genotype 1a and normal serum which shows that HCV patients with 

genotype 3a are more prone to steatosis progression than HCV patients with genotype 1a (Figure 

5.38). A better understanding of lipid biosynthesis and its molecular interactions with HCV 

proteins will facilitate in developing pharmaceutical interventions to decrease viral load, IR, and 

steatosis.  

.  There are increasing evidences suggesting that liver cell damage in chronic HCV 

infection is mediated by apoptosis (Bantel et al., 2001). However, the comparative contribution 

of apoptosis or necrosis as well as the functional role of caspase and their association in liver 

damage is largely unknown. HCV induced apoptosis mediated by both external and internal 

pathways. Apoptosis of hepatocytes has been reported in HCV patients (Bantel et al., 2003). 

Enhanced apoptosis of hepatocytes has been described during chronic HCV infection and 

correlates with the degree of liver damage (Bantel et al., 2001). Apoptosis is central for the 

control and elimination of viral infections. In chronic hepatitis C virus (HCV) infection, 

enhanced hepatocyte apoptosis HCV infection persists in the majority of patients. The impact of 

apoptosis in chronic HCV infection is not well understood. It may be harmful by triggering liver 

fibrosis, or essential in interferon (IFN) induced HCV elimination. For virtually all HCV 

proteins, pro- and anti-apoptotic effects have been described, especially for the core and E2 

protein. To date, it is not known which HCV protein affects apoptosis in vivo and whether the 

infectious virions act pro- or anti-apoptotic. With the availability of an infectious tissue culture 

system, this study focuses on the effect of HCV infection and different HCV proteins on 
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apoptosis and of the corresponding signaling cascades. Due to the lack of proofreading function 

of the RNA-dependent RNA-polymerase (NS5B), HCV has a high mutation rate and exists as 

genetically heterogeneous quasispecies in individual patients (Bartenschlager, 2006; Dustinan 

Rice, 2007; Pavio and Lai 2003) The different genotypes differ genetically from one another by 

at least 30%, and the different subtypes within a genotype by more than 20%. This genetic 

heterogeneity makes it difficult to compare apoptotic pathways obtained with different HCV 

genotypes. In general, apoptosis is central to viral clearance. In HCV-infected liver, however, 

despite enhanced hepatocyte apoptosis, viral persistence is observed  

 Caspase-3, 6, 8, 9, 10, (proteases involved in apoptosis signaling cascade) Cyto and p53 

interaction is important in apoptosis. Caspase-3, 9, p53 is the main down stream effecter 

activated by caspase-6, 8, 10 essential factors of the extrinsic cell death pathway. Very few 

studies have been undertaken with respect to the HCV different genotypes and further studies are 

needed in this connection so as to fully expose the ambiguity of different response in different 

genotypes. In mammals, regulation of caspase in cell death is complex, however, caspase-2,  8, 9 

and 10 are  initiator caspase, whereas caspase 3, 6 and 7, serve as effecter caspases (Muzio et al., 

1996; varfolomeev et al., 1998) Caspase-8 as the key initiator of death receptor-mediated 

apoptosis (Fuentes et al., 2004 Degterev et al., 2003). Cyto C is associated with Caspase-9 

(Otsuka et al., 2000) in intrinsic apoptosis pathway and P53 tumor suppressor gene is an 

important marker in apoptosis (Otsuka et al., 2000; Chou et al., 2005). Expression of caspase 

family is higher in HCV infection, and enhanced hepatocyte apoptosis occurs through the 

intrinsic apoptosis pathway via mitochondria (Calabrese et al., 2000, Fischer et al., 2007). 

Studies of caspases were better alternative for investigating apoptosis in HCV infection as 
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caspase activation occurs earlier than DNA cleavage (Muzio et al., 1996; varfolomeev et al., 

1998).   

  To unfold the effect of HCV, we studied the level of Caspase-3, 6, 8, 9, 10, p53 

expression of the in blood of HCV patients of genotype1a and 3a compared with normal 

subjects.  In the present study, we investigated the activation of Caspase, which are the central 

executioners of apoptotic pathways. Our results show that caspases are indeed activated in 

human blood of chronic hepatitis patients. We show that the activation of Caspase (Caspase 3, 6, 

7, 8, 9, 10, Cyto C, P53) is significantly high in blood of patient of HCV with the genotype of 3a 

as compare to 1a (Figure 5.40) and also significantly high in biopsy samples of patient of HCV 

with the genotype of 3a as compare to normal (Figure 5.40) which shows more involvement of 

HCV 3a in apoptosis. This patient’s data is however from small number of patients as these pilot 

studies were done only to compare the expression of important markers of apoptosis in HCV 

chronic patients with HCV genotype 1a and 3a. HCV 3a is responsive to INF therapy and 

induction of apoptosis is related to viral elimination. As we have shown higher level of 

expression of iNOS in HCV patents which increase the expression of ROS. And increased 

apoptosis is may be due to higher ROS overproduction, which is recognized to stimulate 

apoptosis (Fleury et al., 2002). The results presented showed ROS generation induced apoptosis 

by TNF-α in Core protein- expressing Huh7 cells (Kang et al., 2009).  

  Previously, the occurrence of apoptosis in chronic hepatitis has mainly been studied, but 

in the present study, effect of not only HCV infection was investigated but also role of HCV 

structural genes were studied to analyze the effect on (Caspase 3, 6, 7, 8, 9, 10, Cyto C, P53). 

There are a lot of contrary reports regarding role of HCV structural genes in apoptosis HCV E2 

gene induces or inhibits mitochondria-related and caspase-dependent apoptosis in the same 
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hepatoma cell line (Chiou et al., 2006). These controversial data may reflect the use of different 

promoters that over express E2, while at the same time, the HCV genotype or the individual 

sequence of E2 have not been considered. Therefore, it still remains unclear whether HCV E2 

acts anti- or pro-apoptotic.  We found that the activation of Caspase (Caspase 3, 6, 7, 8, 9, 10, 

Cyto C, P53) was higher in Huh7 transfected with HCV E2 gene (Figure 5.42). Supporting the 

previous results in experimental settings, expression of HCV E2 (Chiou et al., 2006) has been 

shown to induce mitochondria-mediated apoptosis in cultured cells. The most important finding 

was that the induction of Caspase 3 and 8 was more in Huh-7 cells transfected with E2 gene of 

HCV genotype 3a as compare to genotype 1a. Caspase-3 and Caspase-8 (proteases involved in 

apoptosis signaling cascade) interaction is important in apoptosis. Active Caspase-8 can activate 

the two signaling pathways, first involves mitochondria while the second direct activation of an 

effecter Caspase-3 (Figure 5.43). There was significant increase in the expression levels of 

Caspase 3 protein in E2 of HCV 3a genotype transfected cells as compared toE2 of HCV 1a 

Since Caspase 3 is the effectors of apoptosis, we determined the protein expression levels of 

Caspase 3 gene for both genotypes. So due to importance of these caspase and to confirm the 

role of HCV 3a E2 gene in apoptosis we inhibited the E2 gene by specific siRNA and we 

observed exciting results that inhibition of E2 gene also reduced the expression at mRNA 

level(Figure 5.44) and protein level (Figure 5.45).  

 Overall, the data regarding the role of different HCV proteins are controversial and 

attribute to a given viral protein pro- and anti-apoptotic effects, depending on the experimental 

system used. Further, HCV is genetically highly variable and exists as quasispecies in a given 

patient. Different pro- and anti-apoptotic effects of the HCV Core protein from an individual 

patient have been described (Pavio et al., 2005) suggesting special properties of different 
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quasispecies proteins. These protein differences may explain in part the different effects of viral 

proteins on apoptosis. Studies of the contribution of genotypes or quasispecies to the effects on 

apoptosis are largely missing. Several molecular interactions between Core protein and cellular 

genes of the apoptotic machinery have been found (Bantel et al., 2003). Other studies showed 

Core-induced apoptosis through mitochondrial cytochrome C release and indirect activation of 

baxTRAIL-induced apoptosis in hepatoma cells seems enhanced by Core-dependent bid-

cleavage (Chou et al., 2005).Taken together, it remains unclear whether HCV Core protein 

inhibits or induces death receptor-mediated apoptosis of hepatocytes. 

  It has pro- and anti-apoptotic effects in death ligand-mediated hepatocyte apoptosis 

(Ray et al., 1998; Ruggieri et al., 1997).  Core-dependent inhibition of TNF-and CD95Ligand- 

induced apoptosis has been described in a hepatoma cell line. Transgenic mice expressing HCV 

Core protein, E1, E2 and NS2, respectively. HCV Core protein inhibits CD95Ligand-mediated 

apoptosis by prevention of cytochrome C release from mitochondria and consecutive activation 

of caspase-9, -3 and -7 (Machida et al., 2001). Our results are consistent to these all experiments 

and show that HCV Core 3a inhibits apoptosis by down regulating the expression of caspase 

(Caspase 3, 7, 8, 9, 10, Cyto C, P53) which are involved in apoptotic pathways (Figure 5.47). 

Our results show that HCV 3a Core down regulates the expression of these genes more than Core 

of HCV genotype 1a. Results were confirmed by observing the reduction of Caspase-3 at protein 

level by HCV 3a Core (Figure 5.48A). As Caspase-3 is the most important down stream effecter 

triggered by Caspase-8, a vital component of the extrinsic cell death pathway. Monitoring of 

Caspase activation might therefore provide a reliable diagnostic tool to detect the degree of 

HCV-mediated inflammatory liver damage and to evaluate the efficacy of HCV therapy HCV 3a 
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core not only reduced the expression of Caspase 3 but also it increase cell proliferation (Figure 

5.48A).  

  These finding are most important as our previous study of oxidative stress leading 

to HCC pathway has shown that HCV 3a Core has upregulted the expression of COX-2, VEGF 

at mRNA and protein level and activation of Akt by its phosphorylation. It also increases PGE-2 

production and cell proliferation as compared to HCV Core 1a. By taking to together these all 

results it is confirmed that HCV Core 3a is mainly involved in the pathways leading to HCC.   

Several studies have suggested that oxidative stress, which is induced either by viral proteins is 

one of key determinants of the HCC development (Farinati et al., 2007). Since HCV infection 

enhances TNF-a production (Gochee et al., 2003; Nelson et al., 1997) which induces oxidative 

stress by stimulating the release of ROS, which may in turn induce liver steatosis, and plays a 

central role in liver injury via apoptosis (Patel et al., 2005, Roberts et al., 1999 Kizaki et al., 

1993, Zhu et al., 1998). In addition, HCV increased ROS production leads to liver steatosis, by 

oxidative mechanisms, and liver carcinogenesis, by DNA oxidative damage in chronic HCV 

infection (Farinati et al., 2007). Now it is well under stood that HCV induced oxidative stress 

and steatosis cross talk is directly involved in HCV pathogenesis. These both pathways are 

important and correlated to each other. It is well documented that over expression of COX-2 and 

the subsequent increase in prostaglandin synthesis can contribute to tumor genesis by affecting 

apoptosis (Ottonello et al., 1998; Tsujii et al., 1995). Virus mediated inhibition of apoptosis can 

be achieved through inhibition of the PI3-kinase–Akt pathway (Cooray, 2004). Modulation of 

this pathway by the viruses provides an alternative to the expression of viral oncogenes or the 

direct inhibition of proapoptotic proteins. It is generally accepted that defective control of 

apoptosis is one of the central mechanisms of tumorigenesis because it allows cells to survive. 
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As our studies confirmed that HCV 3a core is positively involved in oxidative stress and 

steatosis, and reduced the expression of cellular genes involved in apoptosis.  

 Most of the studies are conducted in Huh-7 derived cell lines and with replicons 

supporting HCV RNA transcription and protein synthesis. Recently different groups have studied 

the HCV replication in serum infected liver cell lines for the study of different HCV genotypes 

which mimics the naturally occurring HCV virions biology and kinetics of HCV infection in 

humans (El-awardy et al., 2006; Lazaro et al., 2007; Molina et al., 2008; Buck, 2008). We 

infected Huh-7 cells with native viral particles from HCV genotype 3a positive serum, the most 

prevalent type in Pakistan using the same protocol as established (El-Awardy et al., 2006; Zakri 

et al., 2009). Among HCV structural genes HCV E2 is most significant as it is not only vital for 

HCV infection but it is so important in regulation of apoptosis. HCV entry in cells is by 

interaction of HCV Envelop gene and HCV receptors. Truncated forms of E2 have been shown 

to interact with CD81, scavenger receptor type B class 1 protein (SRB-1) and Low density 

lipoprotein (HDL) binding molecule (Pileri et al., 1998; Hsu et al., 2003)). LDL receptor, which 

was shown to help endocytosis of the virus. Viral entry could be prevented in a number of cell 

types using an anti-LDL monoclonal antibody (Agnello et al., 1999). HCV envelope 

glycoproteins are potential target for the development of antiviral molecules that could block 

HCV entry.  E1 and E2 play essential roles at different steps of the HCV life cycle such as virus 

entry and assembly of infectious particles. Keeping these all in view, we in-vitro transcribed 

siRNA against all HCV receptors CD81, SR-B, LDL, and CLD and we observed significant 

inhibition in dose dependent manner (Figure 5.48). E2 specific siRNA and siRNA against HCV 

receptors were used to download viral titre in HCV 3a Serum infected Huh-7cells. 
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 An exciting finding of this study is decline of HCV viral titer up to 60%, 45%, with 

HCV receptor siRNA CD-81, LDL, 60%, and 72% with HCV E2 siRNA EG and EH, 

respectively in viral load HCV replication in the Huh-7 cells was observed through detection of 

5`UTR of viral copies by Real-Time PCR in cells from 3
rd

 day post infection. A significant 

suppression of HCV RNA (84% and 78%) was observed with the combination of both more 

effective siRNAs against HCV E2 gene, E2 siRNA (EH) and (CD-81, LDL siRNAs) (Figure 

5.50). In summary, the data showed that the CD81and LDL specific siRNAs not only reduced 

their gene expression respectively but also reduced viral titre in siRNA treated cells shows their 

role in HCV infection, combination of these siRNA with E2 effective siRNA showed dramatic 

reduction. As our Previous experiments have shown the induction of cellular genes involved in 

steatosis and oxidative stress in HCV serum 3a infected Huh-7. Furthermore we have observed 

the reduction of viral titre in serum infected Huh-7 cells by using siRNAs against HCV E2 gene, 

E2 siRNA (EH) and (CD-81, LDL siRNAs). In this experiment we analyzed the effect of 

reduced titre on the cellular genes involved in steatosis and oxidative stress. Reduction in these 

cellular genes in response to reduction of viral load which is important and need further 

experiments to explore it fully. These results provide a novel approach to study possible 

associations between CD81 and LDL expression and HCV infection and pathogenesis as well as 

for the development of novel therapeutic agents for HCV infection. 
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APPENDIX 

 
 8.2          Buffers and culture medium    

 

50X TAE (250ml) 

Tris-base    70.5g 

0.5M EDTA    50 ml 

Acetic acid    14.7 ml 

pH      8.5 

dH2O     To make volume 250 ml 

10X Phosphate buffered saline PBS (1 Liter) 

NaCl     80g 

KCl     2g 

Na2HPO4.7H2O   11.5g 

KH2PO4    2g 

dH2O     To make volume one liter.   

    

   10X Tris buffered saline TBS (1 Liter) 

Trizma     24.23g 

NaCl     80.06g 

pH     7.6 (with pure HCL) 

dH2O     To make volume one liter. 
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1X Tris buffered saline tween 20 TBST (1 Liter)  

From stock 10X TBS make one liter 1X TBS 

10X TBS    100 ml 

dH2O     900 ml 

Twin 20    1 ml 

 

30%  Acrylamide 

Acrylamide    29gm 

Bisacrylamide    1g 

dH2O     To make volume 100 ml 

 

10% Ammonium per sulphate solution APS 

APS     0.12 g 

dH2O     1.2 ml 

Store at 4 ºC, but not more than one week. 

 

10% Sodium dodidyl sulphate SDS 

SDS     10g 

dH2O     90 ml 

 

5% Skimmed Milk (Blocking Solution) 

Skimmed Milk   0.5 g 
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TBST     10 ml 

6X Sample Buffer 

100% Glycerol   6 ml   

10% SDS    240 ul 

IM Tris-Cl pH 6.8   3 ml 

Mercaptoethanol   600 ul 

1% Bromophenol   0.5 ml 

Store at -20 ºC 

 

5X Tank buffer 

Tris     15.1g 

Glycine    72g 

10% SDS    175 ml 

pH     8.3 

dH2O     To make volume one liter. 

 

Separating Gel Buffer (Lower Gel Buffer)  

Tris     18.17g     

10% SDS    4 ml 

pH     8.8 

dH2O     100 ml 

 

 



 

 175

 

Stacking Gel Buffer (Upper Gel Buffer) 

Tris     6.06 g    

10% SDS    4 ml 

pH     6.8 

dH2O     100 ml 

 

Transfer Buffer 

Tris     1.8 g 

Glucine    4.32 g 

Ethanol/ Methanol   120 ml 

dH2O     600 ml 
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