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SUMMARY  
 
Hepatitis C is a global health problem caused by infection with hepatitis C virus (HCV). Most 

patients fail to clear the virus and develop persistent infection that frequently leads to cirrhosis 

and hepato-cellular carcinoma (HCC). The only available antiviral therapy is interferon (IFN) in 

combination with Ribavirin (RBV). High genomic variability that results in quasi-species and 

immune escape variants is supposed to lead to viral persistence. However, the exact mechanism 

underlying viral persistence is still not clear. This incited us to investigate the virus and host 

related factors in order to further unravel the mechanism of viral persistence. 

 

HCV genotype 3 is prevalent in Pakistan as shown by RFLP analysis of 5’ UTR, but some 

isolates remain unresolved. Sequencing and phylogenetic analysis showed that the presence of 

additional restriction sites of HaeIII and RsaI (that cause failure of RFLP) resulted in clustering 

of unresolved samples in a separate branch of un-rooted Neighbor-Joining (NJ) tree (bootstrap 

value of 71%). Another, cluster I (having additional stretches of nucleotides) was found at a 

bootstrap value of 81%. Secondary structure analysis showed a major distortion in the stem loop 

III d of 5’- UTR region. This study showed the presence of unique sequence variability in the 5’-

UTR of HCV type 3 isolates from Pakistan. Mutations found in these sequences lead to 

conformational changes in stem loop III that may alter the translation initiation of the virus.  

 

The translation initiation of HCV, regulated by internal ribosomal entry site (IRES), includes 

whole 5’-UTR and a portion of core region. HCV genotype 3, the most prevalent genotype in 

Pakistan, is reported as the best responding genotype to combination therapy of IFN and/or RBV. 

Despite this, a high proportion (30%) of patients infected with genotype 3 remains as non-

responders (NR) when treated with IFN plus RBV.  

The HCV IRES translation efficiency (TE) was observed both in SR (sustained responders) and 

NR patients. Low TE was observed for IRES derived from SR patients, whereas IRES of NR 

patients showed significantly greater TE. TE of different IRES constructs were further analysed 

in a cell culture system in the presence or absence of IFN and/ RBV.  

 

A dose dependent inhibition of relative TE by INF-α and RBV was observed. A greater 

inhibitory effect was observed after INF-α addition, on relative TE of IRES constructs isolated 
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from SR patients as compared to IRES of the NR group, however, no difference between the SR 

and the NR group was found when cells were exposed to RBV. IFN and RBV when given in 

combination, also had a negative effect on translation, but this effect was not synergistic. These 

results are suggestive of a positive correlation between the effect of antiviral agents in cells and 

clinical response of the patients. Secondary structure analysis of HCV RNA (IRES) showed that 

in case of NR the nucleotide substitutions and insertions were only few as compared to SR 

sequences relative to a reference genotype 3a strain. In the SR samples, substitutions, deletions 

and insertions were mainly clustered in stem loop I, II and III of the 5’-UTR. A possibility of 

differential binding of host cellular factors to the IRES regions of different sequences, resulting 

in varied TE of the viral polyprotein also seems to be an obvious affect. 

 

Host genetic factors also account for the variability in the rate of disease progression seen in 

patients with chronic hepatitis C. The capacity for cytokine production in individuals has a major 

genetic component. It has been suggested that polymorphism in pro-inflammatory cytokine 

genes may have a role in determining the progression of viral persistence in chronic HCV.IFN-γ 

polymorphism i.e. G to T transition at –179 position has been focused in the present study. It was 

found that in our population G allele is present and in addition to this a new polymorphic site 

was also found at -35 position. Both G allele and new polymorphic sites are equally distributed 

in controls and HCV infected patients. Moreover, these polymorphic sites were not associated 

with the viral clearance or persistence. 

 

Host cellular immune defense, including CD4+ and CD8+ T-cell response is activated in patients 

with HCV infection. The intensity of intra-hepatic CD8+ T-cell response during the early stages 

of infection may be a critical determinant of disease resolution and control of viral replication. 

Present study showed that in intra-hepatic CD8+ T cell assay HCV epitopes of core and NS3 

regions were more reactive in patients with viral clearance as compared to those having 

persistent infection at pre-treatment level. Since CTL escape variants seem to occur in persistent 

chronic HCV infection, a multi-specific CTL response must be induced to avoid selecting for 

escape variants. 

 



iii 
 

The findings suggested that high translation efficiency and generation of immune escape variants 

leads to viral persistence. In contrast, viral clearance is associated with effective and strong 

immune system as well as low translation efficiency of the virus.  

These findings would be beneficial as pre-diagnostic marker as well as helpful to predetermine 

the treatment strategies for the NR; furthermore adjuvant therapy could also be suggested. The 

findings would be valuable for consideration of more aggressive therapy towards those patients 

having an increased risk of developing persistent chronic HCV.  
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CHAPTER 1 

HEPATITIS C VIRUS: AN OVERVIEW 
 

 

1.0 INTRODUCTION  

Hepatitis C infection is an important public health issue globally. Its threat as a serious 

public health problem and disease burden has become recognized only in the past few 

years. HCV infection is frequently persistent, and sets in train an inexorable course of 

slowly progressive liver disease. It is estimated that HCV has infected more than 170 

million people globally, nearly five times more than human immunodeficiency virus 

(HIV) (Armstrong, Gangam et al. 1997;  Ruzibakiev, Kato et al. 2001). Hepatitis C virus 

is a distinct member of the family Flaviviridae, comprising a group of enveloped viruses 

to which the flaviviruses like Yellow fever virus and the pestiviruses Border disease virus, 

Classical swine fever virus (CSFV), and Bovine viral diarrhea virus (BVDV) belong 

(Murphy, Fauquet et al. 1995). First identified in 1989 by molecular cloning (Choo, Kuo 

et al. 1989), HCV has recently been placed into a separate genus, Hepacivirus, within the 

family Flaviviridae (Murphy, Fauquet et al. 1995) . 

 

HCV has become a focus of intensive research for several reasons (Lavanchy, Purcell et 

al. 1999). First, most infections persist, leading in about 50% of all cases to chronic 

hepatitis, which can progress from chronic active hepatitis to liver cirrhosis and 

hepatocellular carcinoma. Second, HCV infection is a major health problem throughout 

the world. Third, currently the only available therapy is combination treatment with 

interferon-α (IFN-α) and the nucleoside analogue ribavirin (RBV). However, overall only 

40% of all patients benefits from this treatment and settle with a sustained response, 

demonstrating the urgent need for more effective antiviral therapies. 

 

1.1 GENOMIC ORGANIZATION  

The HCV, positive-sense, single-stranded RNA genome is approximately of 9.6 kb long. 

The sequence contains a 5’- untranslated region (5’- UTR) of 341 bases, a single open 

reading frame (ORF) coding for a polyprotein of 3,011 amino acids, and a 3’- 
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untranslated region (3’- UTR) of about 27 bases. A single polypeptide protein is cleaved 

into 10 mature structural and non-structural regulatory proteins (Fig 1.1). Structural 

components include the core (C) and two envelope (E1 and E2) proteins. Six non-

structural (NS) proteins are NS2, NS3, NS4A NS4B, NS5A and NS5B) (Reed and Rice 

2000), and their respective function(s) are listed in Table (1.1). 

 

Consistent with the known functions of most flavivirus proteins, the three N-terminal 

HCV proteins are reported to be structural (C, E1, and E2/NS2) and the four C-terminal 

proteins (NS2, NS3, NS4, and NS5) are believed to function in viral replication. The 3′-

UTR (230 nucleotides) comprises a tripartite structure that consists of a variable region 

immediately after the stop codon of the ORF, a poly (U/UC) tract that varies in length 

between 30 and 150 residues and a highly conserved ‘X-tail’ or 3′X sequence. The 3′X 

region is crucial for efficient RNA replication (Friebe and Bartenschlager 2002).The 

open reading frame length of each genotype is characteristically different. Whereas the 

open reading frame in type 1 isolates is approximately 9,400 ribonucleotides, that of type  

2 isolates is typically 9,099 nucleotides and that of type 3 isolates is typically 9,063 

nucleotides (Bukh, Miller et al. 1995). These differences may potentially account for 

some of the phenotypic differences among genotypes discussed below. 

 

1.2 GEOGRAPHICAL DISTRIBUTION OF HCV GENOTYPES 

Based on phylogenetic analysis, HCV is classified into six main genotypes, which 

diverge by ~30% at the nucleotide sequence level, and there are more than 30 subtypes 

throughout the world (Robertson, Myers et al. 1998) 

 

Substantial regional differences appear to exist in the distribution of HCV genotypes 

(Fig.1.2). In certain geographical regions, a single HCV type occurs but this is 

represented by numerous subtypes, a pattern suggestive of a long period of endemic 

infection (Mellor, Holmes et al. 1995; Simmonds, Mellor et al. 1996; Tokita, Okamoto et 

al. 1996). 
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HCV GENOME 

 

 

 

Fig 1.1 Schematic representation of the HCV genome and encoded viral 
proteins. HCV a single-stranded RNA virus of 9.5kb, consists of a single  open 
reading frame and two stem-loop structures represent 5’ and 3’-untranslated 
regions (UTR). It encodes a polyprotein of approximately 3000 amino acids, 
which is cleaved into single proteins by a host signal peptidase in structural 
region and the HCV-encoded proteases in the nonstructural (NS) region (Lauer 
and Bruce 2001). 

 

3’-UTR 5’-UTR 
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Table 1.1 HCV genome and their functions 
 

Region Function(s) Reference 
5’UTR contains IRES, regulate translation initiation via 

cap-independent mechanism 
(Wang, Sarnow et 
al. 1993) 

Core few amino acids are part of IRES 
 Interacts with viral RNA and form Nucleocapsid 

(Santolini, 
Migliaccio et al. 
1994) 

E1 ????  
E2 might have a role in subcellular localization of 

virion components and assembly of virus particles 
(Carrere-Kremer, 
Montpellier-Pala et 
al. 2002) 

NS2 ???  
NS3  release serine protease that catalyses cleavage of 

NS polyprotein 
 Posses NTPase and RNA Helicase activities 

(Hijikata, 
Mizushima et al. 
1993) 

NS4A form stable complex with NS3 to facilitate 
membrane localization of NS3-NS4A complex in 
ER 

Cited in (Clarke 
1997) 

 Anchorage of replication complex  
 Acts as a cofactor of NS3 protease activity  
NS4B ??? Might have a role in modulation of   

NS5A hyperphosphorylation 
(Asabe, Tanji et al. 
1997) 

NS5A possess nuclear localization signal  
Regulate viral replication through its interaction 
with NS5B contains ISDR, therefore critical in 
determining the susceptibility of virus to treatment 
with IFN 

(Enomoto, Sakuma 
et al. 1996) 

NS5B  release RNA dependent RNA polymerase that 
catalyses the replication of HCV RNA 
 

(Behrens, Tomei et 
al. 1996) 

3’-UTR critical regulation in virus replication (Kolykhalov, 
Feinstone et al. 
1996) 
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Although HCV genotypes 1, 2, and 3 appear to have a worldwide distribution, their 

relative prevalence varies from one geographic area to another (Fig. 1.2). Potentially 

endemic regions are the Guinea coast of West Africa for type 1, Western and Central 

Africa for type 2, the Northern Indian subcontinent for type 3, Central Africa for type 4, 

and South- East Asia for type 6. An endemic area for type 5 remains to be discovered.  

However, in Southern Africa type 5a is common. In contrast, in other parts of the world, 

more than one virus type is present, but each type is represented by only a few different 

subtypes (Saeed, Al Admavi et al. 1991; (Simmonds 1995).   

 

1.3 EPIDEMIOLOGY  

The prevalence of HCV varies tremendously in different parts of the world, with the 

highest incidence in the Eastern hemisphere of the globe compared with the Western 

parts. 

 

The highest number of infections is reported in Egypt. The use of parenteral 

antischistosomal therapy in Egypt is thought to have contributed to a prevalence of 

antibodies against HCV in various regions ranging from 6 to 28 percent (mean, 22%) 

(Choo, Kuo et al. 1989). In United States, 1.8% of the population is positive for HCV 

antibodies, an estimated 2.7 million people in the United States have active HCV 

infection. However, in northern Europe, HCV prevalence is about 0.3%, whereas in 

southern Europe and North America it is about 1.5%. The overall prevalence of HCV in 

Sub-Saharan Africa is 3.0%. The central African region has the highest estimated 

prevalence of 6%, West Africa has an estimated prevalence of 2.4%, and southern and 

East Africa with the lowest estimated prevalence of 1.6% (Madhava, Burgess et al. 

2002).  In Cameroon prevalence of HCV has been reported over 10% (Ndumbe and 

Skalsky 1993). In Pakistan, about 6% of the general population is infected with HCV 

(Hamid, Umar et al. 2004). However there may be pockets of much higher prevalence in 

various parts For example, in Lahore the occurrence of anti-HCV-positive serology was 

15.9% whereas in Gujranwala it was even higher at 23.8%.  

  



Chapter 1  Hepatitis C Virus: An Overview 

6 
 

 

 

 

 

 

 

 

 

GEOGRAPHICAL DISTRIBUTION OF HCV GENOTYPES 

 

 
 

Fig1.2 Worldwide geographic distribution of HCV genotypes 
and subtypes.Others indicate unclassified sequences. (Zein, 
2000) 
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1.4 ROUTE OF TRANSMISSION 

In earlier times, routes of virus transmission may have included variolation as protection 

against smallpox or have been associated with other culture-specific parenteral 

exchanges. Hepatitis was also observed between 1910 and 1940 as a consequence of the 

use of unsterilized needles and syringes after injection with arsphenamine in the 

treatment of syphilis, or other injections (Mortimer 1995). Better understanding of routes 

of transmission has helped to combat the spread of disease. 

 

Blood transfusion was the principal transmission route of HCV in children before 1990. 

However since 1990, screening of the blood products for HCV antibodies has markedly 

reduced transfusion-related HCV infection in many Asian countries. However, the risk of 

post-transfusion HCV in USA and Western Europe is still estimated at one per 100 000 

and per 400 000, respectively, and is attributed to the seronegative ‘window’ period of 

HCV infection. 

 

Certain groups of individuals such as intravenous drug users are at increased risk of 

acquiring this disease irrespective of the geographical location. Although the main route 

of transmission is via contaminated blood, curiously enough in up to 50% of the cases no 

recognizable transmission factor/route could be identified (Memon and Memon 2002). 

Although other less common and inefficient routes such as vertical or sexual transmission 

are reported, certainly less efficient than is the case for HIV-1 (Rehermann 2000). 

However, coinfection with HIV-1 appears to increase the risk of both sexual and 

maternal–fetal transmission of HCV (Willems, Metselaar et al. 2002; (Di Bisceglie, 

McHutchinson et al. 2002).  

 

Even though the prevalence of HCV infection is not higher among health care workers 

than in the rest of the population (Friebe and Bartenschlager 2002), needle-stick injuries 

in the health care setting continue to be regarded as the major source of nosocomial 

transmission of the virus. The rate of transmission after a needle-stick injury ranged of 0 

to 10 percent in various studies (Reed and Rice 2000; Carrere-Kremer, Montpellier-Pala 
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et al. 2002), but is generally estimated to be approx 3% (Hamid, Farooqi et al. 1999). A 

rough estimate of the comparative risks of transmission through a needle stick is provided 

by the rule of threes: HBV is transmitted in 30 percent of exposures, HCV in 3 percent, 

and HIV-1 in 0.3 percent. These numbers are most likely influenced by the size of the 

inoculum, the size of the needle, and the depth of inoculation.  

 

The other sources of infection with HCV remain obscure, and in most instances infection 

appears to be associated with high-risk lifestyles or particular demographic groups rather 

than a specific route of transmission. For example, in Egypt HCV may have been spread 

via contaminated needles used to administer antimony as treatment for schistosomiasis, 

which is prevalent in that area (Arthur, Hassan et al. 1997). HCV infection remains a 

major problem in haemodialysis units despite the risk decrease provided by anti-HCV 

screening of blood (Kumar, Naqvi et al. 1994; Ansaldi, Bruzzone et al. 2003). Similarly, 

a cluster of HCV infections among gynecological patients who underwent surgical 

intervention in the same setting has been reported (Massari, Petrosillo et al. 2001). 

Possible transmission of hepatitis C virus by tattooing has not gain any significance 

(Abildgaard and Peterslund 1991; Thompson, Hernberger et al. 1996). Clinically 

apparent HCV infection developed in a prison inmate after two tattooing episodes. 

Likewise a few epidemiological studies have implicated tattooing as a risk factor for 

HCV infection (Ko, Ho et al. 1992; Holsen, Harthug et al. 1993). In order to prevent a 

worldwide epidemic of this disease, urgent measures are required to develop a strategy to 

inform and educate the public regarding this disease.  

 

1.5 VIRUS REPLICATION 

HCV infects only humans and chimpanzees, primarily targeting hepatocytes (Blight and 

Gowans 1995). Apart from hepatocytes, there is strong evidence that HCV can also 

replicate in peripheral blood mononuclear cells (PBMCs) both in vivo and ex vivo or in 

experimentally infected B- and T-cell lines (Bouffard, Hayashi et al. 1992; Lerat, Berby 

et al. 1996). Viral replication is extremely robust, and it is estimated that more than 10 

trillion virion particles are produced per day, even in the chronic phase of infection 

(Bartenschlager and Lohmann 2000). 
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1.5.1 HCV Binding with Host Cell Receptor 

On the basis of analogies to the closely related flavi and pestiviruses, a model for HCV 

life cycle has been proposed (Bartenschlager and Lohmann 2000)  (Fig 1.3). HCV 

infection begins with attachment, while the nature of the HCV receptor is not known 

currently, the major envelope glycoprotein E2 is thought to be responsible for initiating 

virus attachment to the host cell because E2-specific antisera can block binding to cells 

(Rosa, Campagnoli et al. 1996; Farci, Shimoda et al. 1996). CD81 was identified as a 

putative HCV receptor based on its strong interaction with E2 as well as with virus 

particles in vitro (Pileri, Uematsu et al. 1998). HCV as well as other members of the 

Flaviviridae family may enter the cell by binding to low-density lipoprotein (LDL) 

receptors. Based on the observation that HCV particles are associated with beta-

lipoproteins (Thomssen, Bonk et al. 1992). Agnello, Abel et al. (1999) analyzed whether 

endocytosis of HCV is mediated by LDL receptors, using in situ hybridization to 

determine HCV-RNA-positive cells. A direct correlation between the level of cell 

surface-expressed LDL receptor and the number of positive cells was found. 

 

1.5.2 Viral RNA Translation 

After engulfment of virus via receptor-mediated endocytosis, positive-strand HCV 

genome is then delivered to the cytoplasm, where the RNA is translated by a cap-

dependent mechanism. During translation ribosomes appear to bind in close proximity to 

the polyprotein initiator AUG with little or no scanning  (Reynolds, Kaminski et al. 1996;  

Rijnbrand, Abbink et al. 1996). Polyprotein is translated at the rough endoplasmic 

reticulum (ER). The replicase is assembled at the ER membrane, where it directs the 

synthesis of intermediate negative-strand RNA, which is subsequently used as a template 

for the generation of positive-strand RNAs.  

 

1.5.3 Viral Polyprotein Processing 

Polyprotein translated at the rough endoplasmic reticulum (ER) is cleaved co- and post-

translationally by host cell signalases and two viral proteinases. Core-NS2 region is 



Chapter 1  Hepatitis C Virus: An Overview 

10 
 

processed by host signal peptidases cleaving at the C-E1, E1-E2, E2-p7, p7-NS2 

junctions (Fig. 1.3) (Mizushima, Hijikata et al. 1994).  

 

 

 

 

REPLICATION CYCLE OF HCV 

 

 

 

 

Fig1.3. Proposed replication cycle of HCV. The life cycle of the 
HCV has several specific steps. (a) attachment, (b) endocytosis, (c) 
virion-membrane fusion, (d) uncoating, (e) translation and 
polyprotein processing, (f) replicase assembly, (g) RNA 
replication, (h) viral assembly and ER budding, (I) vesicle 
transport and glycoprotein maturation and (j) vesicle fusion and 
virion release; ER, endoplasmic reticulum; LDLR, low density 
lipoprotein receptor; NS, non-structural proteins adapted from 
(Tan, Pause et al. 2002). 

h 
I 

j 
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The production of processing intermediates, most notably an E2-p7-NS2 protein, 

indicates that not all cleavages within the structural region are co-translational. 

Furthermore, a second post-translational cleavage close to the carboxy terminus of the 

core protein takes place, removing the E1 signal sequence by an as yet unidentified 

cellular enzyme (Hussy, Langen et al. 1996). Processing between NS2 and NS3 is a rapid 

reaction, accomplished by the NS2-3 proteinase (Hijikata, Mizushima et al. 1993; 

Santolini, Pacini et al. 1995). Processing of the NS3-5B region is mediated by the NS3 

proteinase with the following preferred but not obligatory order of cleavages: NS3-

4A/NS5A-B/NS4A-B/ NS4B/5A (Bartenschlager, Ahlborn-Laake et al. 1994; Failla, 

Tomei et al. 1995).  

 

1.5.4 Packaging and Release 

The positive-strand RNA is encapsidated with the structural proteins and is presumably 

enveloped by budding into the lumen of the ER. The packaging of the HCV RNA 

genome into newly synthesized virions is probably mediated by specific interactions 

between sequences within the 5′-UTR of the HCV genome and the core protein. Such  

binding may not only accomplish a selective packaging of the plus-stranded genome but 

also appears to repress translation, suggesting a potential mechanism to switch from 

translation-replication to assembly (Shimoike, Mimori et al. 1999).  

 

Finally, infectious virions are thought to be released by transport through the Golgi 

compartment and exported via the constitutive secretary pathway.  

 

1.5.5 Cellular Factors Involved in Viral Replication 

In addition to viral proteins, cellular components are probably involved in RNA 

synthesis, too. One candidate is PTB, found to specifically interact with sequences at the 

3´-UTR (Chung and Kaplan 1999;  Tsuchihara, Tanaka et al. 1997). Another candidate 

is glyceraldehyde-3-phosphate dehydrogenase, binding to the poly(U)-sequence in the 3´-

UTR (Petrik, Parker et al. 1999). Finally, cellular proteins provisionally called p87 and 
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p130 but the nature of these proteins remains to be determined (Inoue, Miyazaki et al. 

1998). 

 

1.6  CLINICAL SPECTRUM OF HCV INFECTION; NATURAL COURSE OF 

HCV 

The disease caused by HCV, is characterized by silent onset in most infected individuals, 

a high rate of viral persistence, and the potential for development of ever-worsening 

chronic liver disease, ranging from chronic hepatitis to cirrhosis and occasionally to 

hepatocellular carcinoma (Fig 1.4).  

 

1.6.1 Acute and chronic infection 

It has been reported that acute HCV infection, in general, is relatively mild with only 20-

30% of infected persons developing symptoms or clinically evident acute hepatitis C; 

clinical manifestations can occur, usually within 7 to 8 weeks (range, 2 to 26) after 

exposure to HCV, but the majority of persons have either no symptoms or only mild 

symptoms. However, 70-80% of acute HCV infections does not resolve and result in a 

persistent viral infection. The last sequelae of chronic infection result in cirrhosis and 

hepatocellular carcinoma (HCC). Cirrhosis occurs in approximately 20% of the patients 

with hepatitis C, usually becoming detectable in the second and third decade after 

infection (Vaquer, Canet et al. 1994). HCC is one of the most serious squeal of chronic 

hepatitis C. HCV accounts for approx. 15% of the cases of HCC. However, in Japan and 

Italy, over 50% of HCC are associated with chronic HCV infection (Daniel 1999). 

An undetermined proportion of chronic infections are asymptomatic, with normal liver 

enzymes and relatively normal liver histology  (Barrera, Bruguera et al. 1995; 

Hoofnagle 1997). 

 

Factors that accelerate clinical progression include alcohol intake, which has a 

pronounced effect on the course of the disease; coinfection with HIV-1 or HBV; male 

gender and an older age at infection (Poynard, Bedossa et al. 1997; Sanchez-Quijano, 

Andreu et al. 1995; Zarski, Bohn et al. 1998). Various viral related factors appear to 

predetermine the disease progression and to some extent the clinical outcome, these 
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include virus genotype, viral titer and liver biopsy histology (Kobayashi, Tanaka et al. 

1996; Izopet, Payen et al. 1998). 

 

 

 

 

 

 

 

 

PROGRESSION OF DISEASE 

 
Figure 1.4. The Natural History of HCV Infection and Its Variability 
from Person to Person; (Lauer and Bruce 2001) 
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In Pakistan, HCV infection is the main cause of chronic liver disease followed by either 

HBV or a combination of these viruses, resulting in most hospital admissions due to 

chronic liver disease (Hamid, Tabbasum et al. 1999). It has been reported that about 50% 

of HCC patients are infected with HCV genotype 3, which is the most prevalent genotype 

in Pakistan (Bukhtiari, Hussain et al. 2003; Khokhar and Niazi 2003; Shah, Jafri et al. 

1997). 

 

1.6.2 Viral Persistence 

The mechanism by which HCV leads to persistent infection is not fully understood. The 

lack of efficient in vitro or in vivo systems for HCV replication, except in chimpanzee, 

renders such studies difficult. Accumulated data either from infected patients, 

experimental infection of chimpanzees, transgenic mice for HCV protein(s) and from 

cells transiently or stably expressing one or several HCV proteins suggests that viral 

persistency is a multifactorial mechanism; and that HCV has developed several strategies 

to evade the immune system and persist.  

Clearance of viral infection requires the interaction of several arms of the immune system 

to limit viral replication and prevent its persistence. These arms of the immune system 

include humoral and cellular immunity to neutralize HCV.  The studies showed that 

neutralization was achieved with plasma obtained 2 years after the initial exposure but 

not with plasma obtained 11 years later (Farci, Alter et al. 1994). Analysis of viral 

isolates for the same patient showed significant genetic divergence of HCV over time. 

This experiment also emphasized the possible role of genetic heterogeneity of HCV in 

escaping the immune system. 

Cellular immune responses, particularly those mediated by cytotoxic T lymphocytes 

(CTLs), are important components for providing protective immunity against many viral 

infections, including hepatitis B. In HCV infection, the role of CTLs in providing 

protection against viral persistence is unknown. HCV heterogeneity may also be 

important in escaping CTL-induced immunity. Although direct evidence for the presence 

of CTL escape mutants in human HCV infection is lacking, it has been shown that single-
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amino-acid changes in CTL epitopes could result in failure of recognition by HCV-

specific CTLs (Koda, Yonaha et al. 1996). 

 

There is a potential role of HCV proteins (especially core, NS3 and NS5A) interaction 

with host cellular signaling transduction pathways (regulating cell growth and viability) 

that results in the strategies developed by the virus to persist in the host and escape to 

antiviral therapy (Giannini and Brechot 2003). The challenge for the future is to 

determine if there is a hierarchical importance to these interactions, to delineate how 

these virus-cell interactions affect the patient infected with HCV, and to determine 

whether any of these interactions represents a target for therapeutic intervention. 

 

1.7 DIAGNOSIS OF HCV 

Various diagnostics test can be used to diagnose past or present HCV infection, to assist 

the clinician in making better decision regarding medical management of a patient, and to 

prevent infection through screening of donor blood. Diagnostic tests for HCV infection 

can be divided into serological assays for antibodies and molecular test for viral particles. 

 

1.7.1 Serological Assays 

Screening assays based on antibody detection are useful for diagnosing exposure to virus. 

There are several very sensitive enzyme linked immunoassays available for the detection 

of anti-HCV based on the use of recombinant viral proteins in a microtiter plate or bead 

format (Silva, Hoesein et al. 1994). These assays make use of viral proteins in 

combination that have been shown to have strong epitopes, including a portion of the 

core protein (c22), NS2 (c33c), NS3/4 (c200) and NS5 peptide. Despite several 

modifications to enhance sensitivity these do not provide evidence of active viremia or 

identification of infected individuals in the antibody-negative phase. 

In the last decades new assays based on the molecular detection of HCV RNA have been 

introduced. These tests can be categorized as qualitative and quantitative. Since viral 

RNA is unstable, the appropriate processing of samples is critical to minimize the risk of 

false negative results.  
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1.7.2 Molecular Diagnostics 

Qualitative HCV RNA tests are based on the PCR technique and have a lower limit of 

detection of fewer than 100 copies of HCV RNA per milliliter (Beld, Habibuw et al. 

2000). These are the tests of choice for the confirmation of viremia and the assessment of 

treatment response. A qualitative PCR assay is also being used in patients with negative 

results on enzyme immunoassay in whom acute infection is suspected, in patients who 

have hepatitis with no identifiable cause, and in those with known reasons for false 

negative results on antibody testing.  

 

Three commercial tests are currently available to quantitate the degree of viremia: a 

branched-chain DNA assays (Quantiplex HCV RNA, version 2.0) and two assays 

involving reverse-transcription PCR (Cobas Amplicor HCV monitor, version 2.0, and 

HCV Superquant). All systems deliver reliable, yet not easily comparable, results 

(Martinot-Peignoux, Boyer et al. 2000) since no standardized system of expressing the 

viral load has been established. Other quantitative methods are listed in Table1.2. They 

also have different dynamic ranges: the PCR-based assays are more sensitive, and the 

branched-chain DNA assay has a higher range and does not require dilution for the 

quantification of high viral loads. It is therefore advisable to use a single test system for 

each patient for longitudinal monitoring of the viral load. 

 

Viral genotyping helps in predicting the outcome of therapy and influences the choice of 

the therapeutic regimen. Different methods are available for the genotyping of HCV 

(Davidson 1995; Pawlotsky 1999) most of which are based on amplification with the 

PCR assay and RFLP analysis. Currently, the only clinically relevant distinction in our 

patients is between genotype 1 and genotypes 2 and 3 and the various systems have 

concordant results with respect to this distinction.  

 

1.7.3 Liver Histology 

Histologic evaluation of a liver-biopsy specimen remains the gold standard for 

determining the activity of HCV-related liver disease, and histologic staging remains the 
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only reliable predictor of prognosis and the likelihood of disease progression (Yano, 

Kumada et al. 1996). A biopsy may also help to rule out other, concurrent causes of liver 

disease. Therefore, biopsy is generally recommended for the initial assessment of persons 

with chronic HCV infection.  

 
1.8  TREATMENT STRATEGIES 

In the absence of an effective antiviral or vaccination strategy against HCV, the single 

drug that is used to treat chronic HCV infection is IFN-α, a naturally occurring 

glycoprotein that has antiviral and immunomodulatory properties. Sustained Virological 

Response (SVR) is achieved in only 15% of patients, in particular those infected with the 

most prevalent HCV genotype 1 virus who are carrying high virus loads (Zein 2000). 

 

1.8.1 Interferon-alpha (IFN-α) alone 

In 1989, the first  few cases of successful treatment of documented HCV infection with  

IFN-α were reported (Di Bisceglie, Martin et al. 1989; Davis, Balart et al. 1989) but the 

very high rates of relapse frequently necessitated re-treatment, which was almost 

invariably unsuccessful. A number of different interferons have been used, but all appear 

to have similar efficacy. This is especially true in persons infected with HCV genotype 1a 

or 1b, the most prevalent genotypes in the United States and Western Europe.  

 

1.8.2 IFN-α in combination with ribavirin (RBV) 

Two large, prospective trials (Poynard, Marcellin et al. 1998; McHutchison, Gordon et 

al. 1998) demonstrated that the combination of  IFN-α and RBV significantly increases 

the percentage of previously untreated patients who have a SVR, from 16% to 40%. The 

antiviral activity of RBV might also be related to its ability to inhibit the HCV NS5B 

polymerase directly, suppress the humoral and cellular immune responses and/or promote 

lethal mutagenesis of the viral genome (Lau, Tam et al. 2002). However, despite the 

improved efficacy of the combination therapy of IFN-α and RBV, most patients still fail 

to achieve an SVR to the treatment (Zein 2000). For patients who relapse after 

combination therapy, there are no recommended treatments. 

 



Chapter 1  Hepatitis C Virus: An Overview 

18 
 

 

 
 
 
 
 
 
 
Table 1.2. New technologies for HCV RNA quantification 
 
Assay                          Use Sensitivity Upper Range 
Qunatiplex bDNA 
v3.0 

Quantitative E4800copies per ml 48 000 000eq/ml  
(8 000 000 IU/ml) 

TMA Quantitative 10 copies per ml Not applied 
Taqman Real time 
PCR 

Quantitative Adaptable down to 
10 copies per ml 

109 copies per ml 

LightCycler Real 
time PCR 

Quantitative 1000 copies per ml 107 copies per ml 

NASBA Quantitative 3000 copies per ml  
 
The above technologies have been described recently for detection of HCV RNA. Studies 
with these tests have demonstrated increased limits of sensitivity and also, for real time 
PCR assays, wider linear ranges of RNA quantification. The Quantiplex bDNA v3.0 has 
significantly improved in sensitivity compared to bDNA 2.0 and results can be reported 
in copies per ml or IU/ml. Adapted from (Majid and Gretch 2002). 
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1.8.3 Pegylated IFN-α 

Treatment with PEG IFN-α results in a higher rate of response than does conventional 

monotherapy with IFN-α  (Bassett, Guerra et al. 2001; Bukh, Forns et al. 2001), extends 

the half-life and duration of therapeutic activity of IFN-α. PEGylated IFN- α with lower 

doses of RBV reportedly improve the response rate to more than 50% (~40% in patients 

infected with HCV genotype 1 and ~80% in patients carrying genotypes 2 or 3), with 

fewer serious adverse events. It is also the therapy of choice for the 20% of patients who 

receive combination therapy and who have to discontinue such treatment as a result of 

RBV-induced anemia. 

 

1.8.4 IFN-α Adjuvants 

A different modified IFN, in the form of a fusion of Albumin and IFN-α2b (Albuferon-

α), is now in Phase I studies in patients for whom conventional IFN treatment for 

hepatitis C has failed.  

 

1.8.5 IFN-α in combination with other agents 

Some clinical benefits were observed in pilot studies with ofloxacin  (Tsutsumi, Takada 

et al. 1996; Komatsu, Ishii et al. 1997), although these results require confirmation in 

larger studies. Furthermore, encouraging results have been seen with the 

immunomodulatory peptide α 1-thymosin (Moscarella, Buzzelli et al. 1998) when used in 

combination with IFN- α. In recent small studies, a triple combination of IFN- α, 

ribavirin and amantadine was found to improve the SVR (Brillanti, Levantesi et al. 2000; 

Zilly, Lingenauber et al. 2002).  

 

1.8.6 Other strategies 

 

1.8.6.1 RNA interference 

A novel strategy i.e. targeting the viral enzyme activities to develop antiviral agents have 

been adopted. These have been aimed primarily at specific processes that are essential to 
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viral replication (Table 1.4). Formation of HCV replicase seems to involve specific 

determinants for membrane association, which might represent novel targets for antiviral 

interventions. 

 

RNA interference (RNAi)-induced inhibition of HCV NS5B gene was recently shown in 

adult mice (McCaffrey, Meuse et al. 2002). A major limitation of the use of RNAi as 

antiviral therapeutics is that the effects are transient in mammals. The development of an 

efficient delivery system is still a challenge. However, the rapid progress of RNAi 

technology has opened up new avenues for novel anti-HCV therapies. 

 

1.8.6.2 Proinflammatory Cytokine 

In a small study, interleukin-10 had beneficial effects on liver abnormalities; it down-

regulates the pro-inflammatory response and modulates hepatic fibrosis thus improving 

liver histology in HCV infection (Nelson, Lauwers et al. 2000). 

 

Better agents are also needed to prevent the recurrence of hepatitis C after liver-transplant 

surgery, which is a significant unmet medical need (Willems, Metselaar et al. 2002). 

Furthermore, IFN-α has limited efficacy in immunocompromised patients, and treatment 

of HCV/HIV co-infection presents yet another challenge (Maier and Wu 2002). 

 

The clinical pipeline for HCV is showing promise for safer and more effective therapies 

(see Table 1.2, 1.3). With better understanding of HCV replication mechanism, it should 

be possible to develop virus-specific inhibitors that might work more specifically. 

Potential targets include the HCV proteases helicase and polymerase as well as the IRES 

or putative cell surface receptor CD81. Inhibitors in Phase II clinical trials include those 

that target the HCV IRES, NS3 protease and NS5B polymerase. Modification of IFN and 

RBV is also main focus to improve its efficacy as an antiviral agent. 

 
1.9 CURRENT STRATEGIES IN VACCINE DEVELOPMENT  
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Given the global disease burden and public health impact of hepatitis C, the development 

of an effective vaccine is of paramount importance. However, there are many obstacles to 

develop a successful vaccine.  

 

One of the major barriers to vaccine development is the fact that HCV is a highly variable 

virus, difficult to isolate from patients, hard to grow in laboratory cell cultures and is not 

easy to test in animals. Chimpanzees are the only animals that can be infected with HCV, 

but the disease develops differently in chimps than in humans. HCV can also be studied 

in mice or other small animals with transplanted human liver cells, but again this is not an 

ideal model.  

 

Several HCV vaccine strategies have been described, including DNA vaccines and use of 

novel adjuvant and recombinant proteins. The goal of some of these vaccines is 

therapeutic, that is, to manage persons with chronic hepatitis C. In one study, a vaccine 

candidate (envelope protein E1) generated HCV-specific immune responses, decline in 

liver enzyme levels, and improvement in liver inflammatory scores (Nevens, Roskams et 

al. 2003). However, HCV RNA levels were not reduced, and the apparent benefits were 

noted in only one third of individuals.  

 

In animal models, vaccination with envelope glycoprotein subunits gpE1 and gpE2 may 

prevent chronic infection following challenge with homologous strains of HCV. 

Preliminary results of a phase II placebo controlled human study of an E1 therapeutic 

vaccine (Innogenetics,Gent, Belgium) administered to patients with hepatitis C suggest 

that E1 antibody levels and specific T-cell responses can be readily induced. The effects 

of E1 vaccination on HCV RNA concentrations, serum aminotransferase levels, and liver 

disease severity are unknown. The passive transfer of anti-HCV immunoglobulin 

decreases HCV RNA levels in primates with acute and chronic HCV infection. Dose 

ranging phase I/II studies are planned using hepatitis C immune globulin (Civacir; NABI 

Inc, Rockville, MD) in a randomized controlled trial to evaluate whether this therapy 

prevents graft reinfection or injury following orthotopic liver transplantation in HCV-

infected patients. 
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Studies in humans and in chimpanzees indicate thus far that an ideal vaccine should 

induce broad humoral, T helper, and cytotoxic T-cell responses. Much vaccine research is 

directed at finding out which HCV epitopes, or proteins, are most likely to trigger a 

vigorous antibody or T-cell response. The knowledge of immunogenic epitopes and their 

relevance to viral clearance and the existence of conserved cross-reacting epitopes are 

still unclear. 

 

The ultimate goal is a universally effective vaccine to prevent new cases, especially in 

underdeveloped countries, where HCV infection is more prevalent and treatment is 

financially out of reach for most patients. The development of vaccine has been 

hampered, at least partly, by the great heterogeneity of the HCV genome. Nonetheless, 

there have been a series of findings that restore hope in developing a protective vaccine. 
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Table 1.3. Selected IFN-based therapies for the treatment of HCV infection 
 

Drug name Clinical phase 
Monotherapy 
Intron A (IFN-α2b, recombinant)    

 
FDA approval, 1995 

PEG-INTRON (PEGylated IFN- α 2b) FDA approval, 2001 
Roferon A (IFN- α 2a, recombinant) FDA approval, 1996 
Pegasys (PEGylated IFN- α 2a) FDA approval, 2001 
Infergen A (IFN alfacon-1) 
Wellferon (lymphoblastoid IFN- α n1) 

FDA approval, 1997 
FDA approval, 1999 

Omniferon (natural IFN- α) 
Omega IFN (IFN- α) 

Phase II 
Phase II 

  
Combination therapies  
Rebetron (Intron A and ribavirin) FDA approval, 1998 
PEG-INTRON and ribavirin    FDA approval, 2001 
Pegasys and ribavirin    FDA application 

submitted 
Intron A and Zadaxin (α 1-thymosin) 
  

Phase III 

Pegasys and Ceplene   Phase III 
IFN- α and EMZ701   Preclinical 

    
* FDA approval for the treatment of relapsing forms of multiple sclerosis. HCV, 
hepatitis C virus; IFN, interferon; PEG, polyethylene glycol. Adapted from (Tan, 
Pause et al. 2002) 
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Table 1.4. Currently available drug pipeline for hepatitis C and related treatments 

 
Target Drug name Mechanism Clinical 

phase 
IRES ISIS 14803 Antisense   Phase II 
 Heptazyme Ribozyme Phase II* 
NS3 BILN-2061 Serine-protease 

inhibitor 
Phase II 

 VX-950/LY-570310 Serine-protease 
inhibitor 

Preclinical 

NS5B JTK-003 RdRp inhibitor Phase I/II 
    
E1 Not known; a recombinant 

E1 
Therapeutic vaccine Phase IIa 

E2 XTL-002   Monoclonal antibody Phase Ib 
IMPDH VX-497 IMPDH inhibitor Phase II 
 Levovirin  IMPDH inhibitor Phase I 
 Viramidine IMPDH inhibitor Phase I 
Liver fibrosis Actimmune (IFN-γ) Antifibrotic Phase II 
 IP-501   Antifibrotic Phase III 
Liver apoptosis IDN-6556 Caspase inhibitor Phase II 
HCC T67 -tubulin inhibitor Phase III 
HCV re-
infection 

Civacir HCV IgG Phase I/II 

 CellCept Immunosuppressant, 
(mycophenolate 
mofetil) 

Preclinical 

Target unknown Ceplene (histamine 
dihydrochloride) 

Immune modulator Phase II 

 Zadazin  (thymosin α-1) Immune modulator Phase III 
 Symmetrel (amantadine 

hydrochloride) 
Broad antiviral Phase IV 

 
* Suspended pending toxicology investigation. HCC, hepatocellular carcinoma; HCV, hepatitis C 
virus; IFN, interferon; IgG, immunoglobulin G; IMPDH, inosine monophosphate dehydrogenase; 
IRES, internal ribosome-entry site; NS, non-structural protein; RdRp, RNA-dependent RNA 
polymerase (Tan, Pause  et al. 2002). 
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CHAPTER 2 

 

PHYLOGENETIC ANALYSIS OF HCV ISOLATES IN 

PAKISTAN 

 

2.0 INTRODUCTION 

Hepatitis C virus (HCV) has a high genomic variability. However, the origin of this 

variation is uncertain. It has been documented that variants might have emerged recently 

as a result of their epidemic spread by new routes of transmission in expanding human 

population in addition to the error-prone replication of RNA-dependent RNA 

polymerase. 

 

Rate of nucleotide sequence change in viruses, particularly those with RNA genome e.g. 

HCV, HGV/GBV-C are invariably much greater than those of their hosts, and this 

presents a number of problems in evolutionary reconstruction. To persist within an 

infected individual or a host population, most RNA viruses must replicate continuously 

with high mutant frequency. Viruses may be subjected to intense selection pressures to 

evade the host’s immune response and antiviral agents. This introduces considerable 

genome diversity in HCV which necessitates the classification of different strains into 

major genotypes and their subtypes. 

 

2.1 HCV GENOTYPES 

Full length HCV genome sequence was first reported by the Chiron research group 

(Choo, Kuo et al. 1989), after that numerous complete or partial nucleotide sequences of 

HCV isolates have been reported worldwide. Comparison of these sequences revealed 

marked genetic heterogeneity existed within the HCV genome. HCV taxonomy is based 

upon phylogenetic analyses of nucleotide sequence data. Different HCV isolates cluster 

into a two-tiered classification, in that the major genetic groups, referred to as clades, are 
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further divided into several subtypes (Quarleri, Robertson et al. 1998). According to 

these criteria, six clades are now recognized, which correspond to the former genotypes 

1-6; genotypes 7-9 and 11 (Tokita, Okamoto et al. 1995) have been reassigned to clade 6, 

and genotype 10 (Tokita, Okamoto et al. 1996) has been reassigned to clade 3 (Mizokami, 

Gojobori et al. 1996; Simmonds, Mellor et al. 1996; de Lamballerie, Charrel et al. 1997) 

(see Fig 2.1 and 2.2)  

 

2.1.1 Significance of Genotyping 

The precise subtype identification of HCV isolates has not only taxonomic consequences, 

but may have therapeutic implications particularly where a decision is to be made in 

selecting appropriate antiviral treatment (Poynard, Marcellin et al. 1998).  

 

It is clear that HCV genotypes are important epidemiological marker. However, 

differences among various genotypes in regard to pathogenecity are not entirely clear. 

Other markers, such as quantitative evaluation of HCV RNA, may be beneficial in the 

management of chronic hepatitis C infection. Further significance of genotyping is 

described below. 

 

2.1.1.1 Therapy Outcome 

It is now well documented that therapeutic outcome of antiviral treatment is influenced 

by the virus genotype. A prior knowledge of the genotype before therapy has become an 

important aspect of therapeutic strategy, because of its predictive value in terms of the 

response to antiviral therapy (Dammacco, Sansonno et al. 2000; Farci and Purcell 2000). 

Better responses have found to be associated with genotypes 2 and 3 than with genotype 1 

when antiviral therapy based on interferon and/ ribavirin treatment was used. Certain 

strains of HCV may have enhanced virulence, although the specific molecular 

determinants that may confer this phenotype have not yet been identified (Hoofnagle, 

Mullen et al. 1986). Variability within a region of the gene for nonstructural protein 5A 

(NS5A) appears to have particular clinical significance in determining the sensitivity to 

interferon, as shown in isolates of Japanese subtype 1b (Scott and Perry 2002). However, 

European and American isolates of HCV 1b do not share this property to the same degree  
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PARSIMONY ANALYSIS OF HCV SEQUENCES 

 

 
Fig. 2.1.1. Parsimony analysis of representative HCV sequences. 
Inversely weighted parsimony was performed using PAUP 3.1.1 as 
previously described (Hillis, Huelsenbeck  et al. 1994; Korber, Smith 
et al. 1994). Bootstrap analysis was subsequently performed 
(DNABOOT) and values of 70% or more are indicated at the 
appropriate nodes. 
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(Bekkering, Brouwer et al. 2001; Lau, Tam et al. 2002). This difference was also present 

for sustained response and was independent of liver histological features or the 

pretreatment HCV RNA levels. Thus, determination of HCV genotype has become an 

important test for assisting clinicians. 

 

2.1.1.1.1 Role In Persistence 

The role of HCV genotypes in persistence of HCV infection following an acute exposure 

has been investigated (Amoroso, Rapicetta et al. 1998). The rate of evolution to 

chronicity after acute exposure to HCV was 92% in patients exposed to HCV genotype 

1b infection, compared with 33% to 50% in patients exposed to other genotypes. These 

data provided evidence that viral factors, including the HCV genotype, may potentially 

play an important role in the development of chronic infection following acute exposure 

to HCV. 

 

2.1.1.1.2  Progression of Liver Disease 

The role of HCV genotypes in the progression of liver disease is one of the most 

controversial areas of HCV research. In patients with chronic HCV, infection with 

genotype 1b is reportedly associated with a more severe liver disease and a more 

aggressive course than is infection with other HCV genotypes (Pozzato, Moretti et al. 

1991). Similar to others (Pistello,  Maggi et al. 1994; Pozzato, Moretti et al. 1995; Silini, 

Bono et al. 1995; Zein,  Rakela et al. 1996; Zein 2000) it was found that HCV genotype 

1b was significantly more prevalent among patients with liver cirrhosis and those with 

decompensated liver disease requiring liver transplantation than among those with 

chronic active hepatitis C. Although this is indirect evidence, it suggests an association 

between HCV genotype 1b and the development of these complications. Furthermore, a 

possible link to hepatocellular carcinoma has been proposed for HCV genotype 1b. There 

is compelling evidence that hepatocellular carcinoma occurs more frequently or emerges 

earlier among HCV-infected Japanese patients (Yano, Yatsuhashi et al. 1993) than among 

HCV carriers in western countries (Hopf, Moller et al. 1990; Di Bisceglie, Goodman et 

al. 1991).  Some reports refute the associations mentioned above (Yamada, Kakumu et al. 

1994; Simmonds, Mellor et al. 1996; Benvegnu, Pontisso et al. 1997; Brechot 1997). A 



Chapter 2  Phylogenetic Analysis of HCV 

29 
 

possible and simple explanation may reconcile these reported discrepancies. It was found 

that patients infected with HCV genotype 1b were older than those infected with other 

genotypes and that genotype 1b may have been present before the other genotypes. Thus, 

patients infected with genotype 1b may have been infected for a longer time (Zein,  

Rakela et al. 1996). HCV genotype 1b is a marker for more severe HCV-associated liver 

disease, because it reflects a longer time of infection rather than a more aggressive form 

of hepatitis C. 

 

2.1.1.1.3  Route of transmission 

Although Zein, Rakela et al. (1996) found no association between HCV genotypes and 

the mode of HCV acquisition in their population, others have been able to get reasonably 

supporting evidence in favor of such an association (Pawlotsky, Taskiris et al. 1995; 

Watson, Brind et al. 1996; Berg, Hopf et al. 1997). This has provided the basis for 

linking  genotypes 3a and 1a closely with intravenous drug use and that genotype 1b is 

more often with patients who acquired HCV through blood transfusion (Elghouzzi, 

Bouchardeau et al. 2000). This information may be useful in tracing sources of HCV 

epidemics. 

 

 

2.1.1.1.4  Tracing the source of Outbreak 

Because of geographic clustering of distinct HCV genotypes, genotyping may be a useful 

tool for tracing the source of an HCV outbreak in a given population. Examples include 

tracing the source of HCV infection in a group of Irish women who received 

contaminated anti-D immunoglobulin (Power,  Lawlor et al. 1995). All of these women 

were infected with HCV genotype 1b, a genotype identical to the isolate obtained from 

the implicated batch of anti-D immunoglobulin. Hohne et al. used genotyping to trace the 

sources of outbreaks in Germany (Hohne, Schreier et al. 1994).  

 

2.1.1.1.5  Geographical relevance 

Genotypes have been of considerable epidemiological interest and their prevalence varies 

considerably in different parts of the world (see section 1.2) However, while some 
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genotypes are ubiquitous, others are confined to particular geographical regions where 

extreme diversity of subtypes of a particular virus type occurs. This geographical 

distribution as well as antigenic and biological differences between HCV types is 

consistent with long periods of endemic infection during which no measurable exchange 

with types from other geographical regions occurred.  

 

2.1.1.2  Genotyping Techniques 

2.1.1.2.1  Molecular Techniques 

 

2.1.1.2.1.1 Sequencing 

The confirmatory gold standard and most definitive method for HCV genotyping is 

sequencing of a specific PCR-amplified portion of the HCV genome obtained from the 

patient, followed by phylogenetic analysis (Bukh, Miller et al. 1995; Simmonds 1995). 

Investigators of HCV genotyping have used sequence analysis of HCV NS5, core, E1, 

and 5’-UTRs. However, direct sequencing is impractical on a large scale because of the 

complexity of the procedure. Even with the introduction of automated sequencing 

methods that do not require radioactive isotopes, only a few laboratories perform these 

procedures on a regular basis and on a large scale or routine clinical applications. 

Furthermore, sequencing of amplified DNA does not usually identify mixed infections 

with two different HCV genotypes. Several alternative methods for HCV genotype 

determination have been described. 

 

2.1.1.2.1.2 Type-Specific Oligonucleotide  

Genotyping HCV by PCR has proven somewhat useful for types and subtypes using 

type-specific oligonucleotide primers for core, NS5 and E1. However, the technique is 

prone to technical issues related to conventional qualitative PCR; contamination, 

optimization for sensitivity, specificity and finally standardization (Okamoto, Sugiyama 

et al. 1992; Xavier and  Bukh 1998). 
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2.1.1.2.1.3 RFLP 

Restriction fragment length polymorphism (RFLP) analysis on the PCR products of 

5'UTR and NS5 has also been employed to genotype HCV (Nakao, Enomoto et al. 1991). 

Specific restriction endonucleases are used to cleave amplicons containing conserved 

mutations in these regions relative to other HCV genotypes. Therefore, only certain 

genotypes will be cleaved by specific restriction enzymes, and unique RFLP patterns will 

be observed on ethidium bromide-stained gels. Although useful in the high-throughput 

setting, limitations of the technique include PCR dependency and potential partial 

digestions of amplicons (and therefore, unclear RFLP patterns) or mutations at the 

restriction sites. 

 

2.1.1.2.1.4 INNO-LiPA 

The INNO-LiPA HCV II (Innogenetics) is a DNA hybridization test which utilizes the 

binding of biotinylated PCR amplicons with type-specific DNA probes immobilized on 

nitrocellulose strips. Positive reactions are identified using a streptavidin-colorimetric 

reaction. The assay has improved in sensitivity compared to version 1 and is capable of 

discriminating between all six HCV genotypes and most subtypes. Clinical studies 

assessing reproducibility and specificity are ongoing. 

 

Although the initial version of InnoLipa had lower sensitivity, the newer version is 

capable of discriminating among HCV subtypes 1a, 1b, 2a to 2c, 3a to 3c, 4a to 4h, 5a, 

and 6a (Maertens and Stuyver 1997). It has been shown that genotyping methods using 

5’-UTR, including InnoLipa, may not distinguish subtype 1a from 1b in 5 to 10% of 

cases and also may not distinguish between subtypes 2a and 2c (Smith,  Mellor et al. 

1995). 

 

Generally, these techniques can be performed with simple equipment. These assays allow 

the correct identification of the HCV genotype (and in some cases the subtype) in more 

than 90% of cases. However, these approaches do not yield sequence information but 



Chapter 2  Phylogenetic Analysis of HCV 

32 
 

rather group the viral isolates into categories based on the presence or absence of 

restriction sites.  

 

2.1.1.2.2 Serologic Genotyping 

More recently, investigators identified genotype-specific antibodies that could be used as 

indirect markers for the HCV genotype (serotyping or serologic genotyping) (Machida, 

Ohnuma et al. 1992; Tsukiyama-Kohara, Yamaguchi et al. 1993; Mondelli, Cerino et al. 

1994). Serologic genotyping has several advantages that make it suitable for large 

epidemiologic studies. These advantages include the low risk for contamination and the 

simplicity of the assay. However, serologic typing seems to lack specificity and 

sensitivity, which limits its usefulness. Two commercially available serologic genotyping 

assays have been introduced over the past 3 to 4 years.  

 

2.1.1.2.2.1 RIBA SIA 

The RIBA SIA was introduced by Chiron Corp. and contained five different serotype-

specific peptide sequences taken from the NS4 region and two serotype-specific peptide 

sequences taken from the core region of the HCV genomes for genotypes 1, 2, and 3 

(Dixit, Quan et al. 1995).  

 

2.1.1.2.2.2 Murex HCV serotyping 

The second serologic genotyping assay is the Murex HCV serotyping enzyme immune 

assay (Murex Diagnostics Ltd.), which is based on the detection of genotype-specific 

antibodies directed to epitopes encoded by the NS4 region of the genomes for genotypes 

1 through 6. These two assays have been compared and showed a concordance rate of 

more than 96% for genotypes 1, 2, and 3 (Gish, Qian et al. 1997). 

 

A recent study by (Beld,  Penning et al. 1998) showed high reliability of HCV serotyping 

by the RIBA SIA (Chiron Corp., Emeryville, Calif.) in immuno-competent individuals 

infected with genotype 1a. However, the assay had low sensitivity in samples containing 

genotype 3a or in samples from patients co-infected with HIV. These findings suggest 

that the use of this assay may be limited at this time, particularly in geographic regions 
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where genotype 1a is not prevalent. Similarly, (Songsivilai,  Kanistanon et al. 1998) 

showed that serotyping had poor sensitivity for samples from patients infected with HCV 

genotype 6. 

 

2.1.2 PHYLOGENETIC ANALYSIS 

Phylogenetic methods are essential tools for the study of molecular epidemiology. Many 

of the hypotheses associated with molecular epidemiology are historical in nature and 

therefore answered most straightforwardly by phylogenetic analysis. Phylogenetic 

analysis is helpful in determining the degree of genetic diversity in the genome of any 

organism (Sakai, Kaneko et al. 1999).  

 

Genetic classification can be broadly approached from two perspectives generally 

identified as either distance-based or character-based (Li 1991). A distance-based 

approach relies upon numerical values describing the similarity, irrespective of the 

evolutionary relatedness, with the values usually expressed as measures of distance. 

These numerical values can be graphically depicted as a frequency distribution or as a 

tree-like structure; the generation of a “tree” from these data does not necessarily imply 

an evolutionary correspondence, especially when relatively short sequences are under 

investigation. Unweighted pair group method analysis (UPGMA) and neighbor-joining 

(NJ) are commonly used distance-based methods used to generate a tree; both methods 

generate a single tree, which can be a starting point for evolutionary analysis. 

 

The other general approach is character-based and evaluates the phylogenetic relatedness 

of sequences based upon a subset of positions called “informative sites”. Parsimony 

methods (weighted and unweighted) and maximum likelihood are two frequently used 

approaches. Typically multiple trees (cladograms) are generated and evaluated for 

accuracy, and these methods are computationally more demanding. 

 

Bootstrapping is a test that can be applied to trees generated by either character-based 
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or distance-based methods in order to estimate the frequency with which a particular 

branch (node) occurs (Hillis and Bull 1993) 

 

HCV isolates show four levels of genetic variability: types, subtypes, isolates, and 

quasispecies. HCV circulates as a heterogeneous population of genetically different but 

closely related genomes known as the quasispecies (Pawlotsky 1998) (see Table 2.1.1). 

 

Phylogenetic analysis of HCV sequences has resulted in a nomenclature that recognizes 

distinct virus types and subtypes. Six distinct virus types have been described that differ 

from each other by more than 30% on pair wise comparison of complete virus genome 

and leading to ca. 30% amino acid sequence divergence between the encoded 

polyproteins. These virus types are each comprised of several more closely related 

subtypes that vary by more than 20%, while within each subtype variation is less than 

10% (Simmonds 1995). 

 

The degree of sequence divergence between subtypes of different genotypes is 

surprisingly uniform. This leads to a phylogenetic appearance in which each major 

branch (genotype) divides into multiple new branches (subtypes) at a similar time in 

evolutionary history (Simmonds, Mellor et al. 1996). This divergence might be due to 

underlying demographic changes in host population, or structural constraints on genome 

divergence. 

 

Although the classification of new HCV sequences should preferably be based on 

complete genome sequences, tentative clade/subtype assignments can be based on 

phylogenetic analysis of nucleotide sequences of at least two coding regions (Quarleri, 

Robertson et al. 1998). 

 

Three coding regions, core, E1, and NS5B were identified initially as being useful for 

identifying genotypes by distance-based methods (Simmonds, Holmes et al. 1993; Ohba, 

Mizokami, et al. 1995). 
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Different regions of the HCV genome show varying levels of sequence diversity and 

variable relative rate of nucleotide substitutions. The ends of the genome 3’- and 5’-

UTRs show little variation (Bukh, Purcell et al. 1992;  Kolykhalov, Feinstone et al. 

1996), these regions also have the slowest rate of substitution, same is the case with 

initial coding region (the core gene).   

 

Nucleotide substitution across all genes apart from E2 occurs preferentially at 

synonymous sites suggesting neutral evolution (Rispeter, Lu et al. 2000; Smith, 

Pathirana et al. 1997). Opinion regarding E2 is split some authors report a ratio of the 

rate of nonsynonymous to synonymous substitution (dN/dS) of greater than 1, providing 

evidence of positive selection (Ray, Mao et al. 2000), while others favor a neutral process 

(Allain, Dong et al. 2000).  The ratio of transitions to transversions for the whole genome 

has been estimated to be 2:1 when comparing different genotypes (Salemi and 

Vandamme 2002) but increases to 5:1 when comparing sequences within a subtype 

(Tanaka, Kato et al. 1992). 

 

2.1.2.1 IMPLICATIONS 

Phylogeny is used to predict future outcomes of infectious outbreaks (Bush, Bender et al. 

1999). Most exciting work in molecular epidemiology is now embracing population 

biology and approaches concerning infectious diseases and the design and evaluation of 

interventions for their treatment and prevention.  

 

2.1.2.1.1 Transmission Network 

Phylogenetic reconstruction is a powerful tool for analyzing transmission networks. It has 

been usefully applied to investigate transmission networks within IDU communities 

(Peters, Davies et al. 1998; Morice, Roulot et al. 2001) and to clarify the role of sexual 

transmission in hyperendemic areas (Kao, Liu et al. 2000). More recently, genotyping 

and molecular characterization of HCV isolates provided evidence for a patient-to-patient 

transmission of HCV during colonoscopy (Jean-Pierre, Venard et al. 1997). The index 

case as well as the two other infected patients had HCV genotype 1b. Nucleotide 
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sequencing of the NS3 region showed that the three patients had the same isolate (100% 

homology), strongly suggesting a common source of infection. 

 

Another study showed that hypervariable region of E2 can be useful for assessing recent 

transmission events, such as mother to child transmission (Weiner, Thaler et al. 1993), or 

recent outbreaks (Grethe, Gemsa et al. 2000).   

 

2.1.2.1.2 Identification of Clade/Subtype of New Isolate 

Phylogenetic analysis reveals whether the isolated sequences are clustered into previously 

reported clades or can be classified as a separate genetic lineage from major genotype or 

subtype. Reliability of these analyses depends on resampling by bootstrap analysis with 

approximately 1000 replicates. 

 

2.1.2.1.3 Origin and Evolution 

Phylogenetics is becoming increasingly more important in the analysis of HIV sequence 

data. Such analyses have been used to classify the diversity of HIV sequences into major 

groups and subtypes within these groups. Phylogenetics has been used to track 

epidemiological change over time and to detect epidemiological linkage among patients 

(Crandall, Vasco et al. 1999). In the specific case of HIV it has been proved that 

phylogenetic analysis of HIV sequences has led scientists to better understand the origin 

and evolution of the virus and therefore estimate its impact on human health. 

 

 

 

 

 



Chapter 2  Phylogenetic Analysis of HCV 

37 
 

 

 

 

 

 

 

 

 

Table 2.1.1 Terminology commonly used in studies related to HCV genomic 
heterogeneity 

 

Terminology Definition % Nucleotide 

similaritya 

Genotype Genetic heterogeneity among 

different HCV isolates 

65.7–68.9 

 

Subtype Closely related isolates within 

each of the major genotypes 

76.9–80.1 

Quasispecies Complex of genetic variants within 

individual isolates 

90.8–99 

 
a % Nucleotide similarity refers to the nucleotide sequence identities of the full-
length sequences of the HCV genome. 
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UNROOTED NEIGHBOR JOINING TREE OF HCV SEQUENCES 

 

 

 
Fig. 2.1.2. Sequence relationships of complete genomic sequences of HCV. The 
nomenclature of the HCV genotypes follows the consensus proposal for 
classification of HCV (Simmonds, Alberti et al. 1994) i.e. the prototype 
sequence cloned by Chiron is assigned type 1a, HCV-J and -BK are 1b, HC-J6 
is type 2a and HC-J8 is 2b, although note the anomalous genotype assignations 
of types 7b, 8b, 9a and 11a which cluster with types 6a and 6b, and type 10a, 
which clusters within genotype 3 sequences. The unrooted tree was generated 
using the MEGA package (Kumar, Brown et al. 1993). 
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2.2 HYPOTHESIS 

 

· Sequence variability exists in the 5’-UTR of HCV genome.  

· The changes in sequences of 5’-UTR may alter the secondary structure of 

this region that might influence the function(s) regulated by 5’-UTR. 

 

2.3 AIMS 

· To screen HCV genotype prevalence by conventional RFLP method. 

· To sequence DNA of yet unresolved samples for more accurate identification 

of genotype and construct the phylogenetic tree to analyze the diversity 

between different isolates. 

· To compare sequences of untypeable and typeable HCV samples as well as 

the reference sequences retrieved from GenBank data.  

· To analyze the subsequent effect of alterations on the secondary structure of 

the viral genome. 
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2.4 MATERIALS AND METHODS 
 
 

2.4.1 Patients 

Patients with chronic HCV infection attending The Aga Khan University Hospital 

(AKUH) clinics (between 1998 and 2001) in Karachi and being considered for treatment 

(ALT twice above normal limits, confirmed serum HCV RNA by RT-PCR and active 

liver biopsy) were included in this study. Patients with chronic liver diseases other than 

HCV, those who have or had been receiving antiviral therapy, those having deranged 

liver functions and individuals who have any autoimmune disease were not included in 

this study. Hepatitis B surface antigen and antibody to HBV were determined by 3rd 

generation ELISA (Abbott laboratories, North Chicago). 

 

Patients were treated with a combination of IFN-a (3 million units three times a week) 

plus RBV (800- 1200 mg daily; Virazole, ICN Farmacentica, SA, DECV)) for six months 

and followed up to one year after the end of the treatment. Response to treatment was 

determined by testing for serum HCV RNA using Cobas Amplicor Version 2.0 (Roche 

Diagnostics) and measurement of ALT levels, at three monthly intervals during the 

treatment and follow up period. ALT levels were measured by diazotisation method 

(analyzer 911, Boehringer, Germany). Result was considered abnormal if greater than the 

upper reference limit i.e. 40 IU/L in males and 30 IU/L in females.   

 

Patients were classified as sustained responders (SR) if they were HCV RNA negative in 

serum and had normal ALT levels at the end of treatment and at the end of follow up, and 

as non-responders (NR) if they were positive for HCV RNA at the end of treatment or at 

any time during follow up, and had ALT levels above normal limits. 

 

Approval from Ethical Review Committee (ERC) of AKU was obtained to conduct this 

study. Written informed consent was obtained from all patients or from their parents. 
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2.4.2 CLINICAL MATERIAL 

 

2.4.2.1  Blood 

Venous blood was collected from patients infected with HCV.  Sera samples were 

separated from whole blood under optimal conditions for RNA extraction. For this 

purpose, 10-15 ml of blood was collected in a sterilized Falcon tube and allowed to clot 

before  centrifugation  at 2,000 rpm for 10 minutes (–4oC).   The serum samples were 

carefully handled and aliquoted to avoid cross contamination and stored at -80°C to 

minimize degradation of viral nucleic acid.   

 

All chemicals were purchased by Sigma chemical Co. (St Louis, Missouri, USA), 

otherwise mentioned. 

 

2.4.3 Genotype Identification by RFLP  

For genotype identification, HCV RNA was amplified by RT-PCR method by using 

genotyping primers, as described by (Chan, McOmish et al. 1992). Amplified product 

was further analyzed by RFLP as described earlier (Davidson, Simmonds et al. 1995). 

 

2.4.3.1  Amplification of HCV 5’-UTR  

Total RNA was extracted from 200µl of serum using Tri Reagent (Sigma Chemical Co. 

St Louis, Missouri, USA), following manufacturer’s instructions. Briefly, proteins were 

precipitated and RNA was carefully separated from the organic phase, which was then 

allowed to precipitate in the presence of isopropanolol; transfer RNA (tRNA, 2mg/ml) 

was also added at this step as a carrier molecule. RNA pellet was then washed twice with 

70% ethanol. Ethanol was evaporated and RNA pellet was reconstituted in 10ul of 

DEPC-treated water containing RNAse inhibitor. RNA was stored at –70oC till further 

amplification. 

 

HCV RNA was amplified by RT-PCR and nested PCR from highly conserved region of 

the viral genome, i.e. 5’-untranslated region (5’-UTR). Primers were synthesized on an 

automated DNA synthesizer (ABI, Model 392, applied Biosystems, USA).  
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HCV RNA was reverse transcribed by RT-PCR method, using genotyping primers, as 

described by (Chan, McOmish et al. 1992). Following primers were used: 

Antisense primer (RT1; 5’-ATACTCGAGGTGCACGGTCTACGAGACCT-3’) was 

used for reverse transcription. Sense primer of 5’-UTR (5’-UTR1; 5’-CTGTGAGGA-

ACTACTGTCTT-3’) was used to amplify cDNA Forward primer (5’-UTR2; 5-TTCA-

CGCAGAAAGCGTCTAG-3’) and reverse primer (5’-UTR3; 5’-CACTCTCGAGCA-

CCCTATCAGGCAGT-3’) were used for nested PCR amplification 

 

For first strand complementary DNA (cDNA) synthesis, 5µl of extracted RNA was 

supplemented in a total reaction volume of 20µl with 1X PCR buffer-11 (10mM Tris 

HCl, pH8.3, 50mM KCl), 1.5mM MgCl2, 200µM of all 4 dNTPs, 1200nM of anti sense 

primer, 0.1M dithiothrietol (DTT) and 5 units of MuLV reverse transcriptase (MuLV-

RT). 

 

The mixture was incubated at 42oC for 60 minutes and then MuLV-RT enzyme was 

inactivated by heating at 94oC for 5 minutes. Immediately after inactivation, samples 

were snap freezed in liquid nitrogen and then stored at –70oC till further assay. 

 

For amplification of cDNA, RT mixture was supplemented with PCR mixture of 20µl. 

The composition of PCR mixture was 1X PCR buffer-11 (10mM Tris HCl, pH 8.3, 

50mM KCl), 1.5mM MgCl2, triton X100 (0.1%) 200mM of each dNTPs, 200nM of sense 

primer and 1 unit of Pfu-Taq polymerase (Promega, Madison, WI, USA). Target 

sequence amplification was done by 30 cycles with denaturation at 95oC for 25s, primer 

annealing at 50oC for 35s and extension at 68oC for 12min and 30sec. Final extension 

was carried out at 68oC for 9min and 30s. Amplified product was used as template for 

further amplification or stored at -20oC. 

 

Inner PCR was performed under the same conditions as outer PCR. 2ml of outer PCR 

product was used as template with 200nM of nested primers (5’-UTR2 and 5’-UTR3). 

Amplified products (250bp) were analyzed by electrophoresis on 2% agarose gel. 
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2.4.3.2  RFLP analysis  

To determine the genotype of HCV, RFLP analysis was done as described by earlier 

(Davidson, Simmonds et al. 1995). 

 

Briefly, amplified products were digested by 2 sets of restriction endonucleases, RsaI 

+Hae III and HinfI+ MvaI (all restriction endonucleases were purchased from New 

England Biolabs, Beverly, MA, USA). Digested products were electrophoresed on 16% 

polyacrylamide gel. Genotype was determined by the pattern of bands. 

 

2.4.3.3  Sequencing 

For sequencing reaction, amplified fragment of 5’-UTR (250bp) was purified and directly 

sequenced using standard protocols for the ABI 377 automated sequencer (Applied 

Biosystems, USA). Primers used for sequencing were the same as used in nested PCR 

(5’-UTR2 and 5’-UTR3).  

 

2.4.4 NUCLEOTIDE SEQUENCE VARIABILITY IN THE HCV 5’-UTR  
Nucleotide sequence variability was determined in the 5’-UTR of HCV genome isolated 

from different patients. Phylogenetic analysis of 5’-UTR sequences was carried out to 

identify the clade and subtype distribution of different HCV isolates, especially those, 

which were not resolved by RFLP method. 

 

2.4.4.1  BLAST analysis 

HCV sample sequences were submitted to BLAST programme (available online) to 

identify the similarity of sample sequences with the reported databases. Sample 

sequences were submitted as query to BLAST programme, available at website 

(http://www.ncbi.nlm.nih.gov/BLAST/). 
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2.4.4.2  Reference Sequences retrieval 

Reference phylogenetic trees were constructed using reported reference sequences of 

coding and noncoding regions of HCV genome, recommended for the identification of 

clade or subtype of unknown sample. Following website and accession numbers were 

used to retrieve reference sequences. 

Websites: http://www.ncbi.nlm.nih.gov/ 

Accession numbers of reference sequences 

At least 10 sequences of each genotype were retrieved to construct a reference tree. 

Whereas, database showed that there are few sequences of genotype 4, 5 and 6, therefore, 

all available sequences were included in the analysis. 

i-  Reference sequences of HCV 5’-NCR 

 M62321-1a, AF009606-1a, AF011751-1a, D29816-1a, D31601-1a, Y10150-1a, 

D50480-1b, AB049087-1b, AB016785-1b, AF054247-1b, AJ132996-1b, D00831-1b, 

D14853-1c, AB047645-2a, AB047642-2a, AB047641-2a, AB047640-2a, AB047639-2a, 

AF177037-2a, D10988-2b, AB030907-2b, D31606-2b, D50409-2c, D17763-3a, 

AF046866-3a, D29819-3a, AJ006318-3a, AJ006323-3a, D28917-3a, Y11604-4a, 

Y13184G-5a, AF064490G-5a, D63822-6a, Y12083-6a. 

ii-  Reference sequences of HCV core region: 

AF009606-1a, AF011751-1a, AF271632-1a, M62321-1a, AJ278830-1a, L38318-1b, 

AB008441-1b, AJ132996-1b, U45476-1b, D50480-1b, AF333324-1b, D89872-1b, 

D14853-1c, D16191-1c, L38350-1f, AF169002-2a, AB047639-2a, AF177036-2a, 

AF238481-2a, AB030907-2b, D10988-2b, AB031663-2k, D50409-2c, D14311-3a, 

D17763-3a, AF046866-3a, D14309-3a, D28917-3a, D49374-3b, L29587G-4, Y11604-

4a, AF064490-5a, L29577-5a, Y13184-5a, D63821-6a, D63822-6a, Y12083-6a.  

Iii-  Reference sequences of HCV Envelope region: 

AF011751-1a, AF009606-1a, AF271632-1a, M62321-1a, D85516-1b, U45476-1b, 

AF333324-1b, AJ132996-1b, AJ278830-1a, AF054247-1b, AB049087-1b, D14853-1c, 
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D161911c, D13406G-2, AF169002-2a, AF177036-2a, AB047639-2a, D10988-2b, 

AB030907-2b, D50409-2c, AF046866-3a, AB031663-3k, D14309-3a, D14311-3a, 

D17763-3a, D28917-3a, D49374-3b, AF064490-5a, Y13184-5a, D63822-6a, D63821-6a. 

iv-  Reference sequences of HCV NS5 region 

AF009606-1a, AF011751-1a, AJ278830-1a, AF271632-1a, M62321-1a, D85516-1b, 

U45476-1b, AF139594-1b, D89872-1b, D50480-1b, AJ132996-1b, AF054247-1b, 

AB049087-1b, D14853-1c, AF169002-2a, AF177036-2a, AF238481-2a, AB047639-2a, 

AB030907-2b, D10988-2b, D50409-2c, AB031663-2k AF046866-3a, D17763-3a, 

D28917-3a, D49374-3b, Y11604-4a, AF064490-5a, Y13184-5a, D63821-6a, D63822-6a, 

Y12083-6a. 

2.4.4.3  Manual multiple sequence alignment 

i- Reference sequences of non-coding (5’-UTR) and coding (envelope, core and 

NS5A) of all genotypes were aligned to construct reference tree of each region 

(results attached in index) 

ii- Sample and reference sequences of HCV 5’-UTR were manually aligned by 

using SE-AL software (http://evolve.zoo.ox.ac.uk/software). Secondary struc-

ture information regarding 5’-UTR was also considered during manual align-

ment. 

 

2.4.4.5  Phylogentic analysis  

 

2.4.4.5.1  Phylogenetic tree construction 

 

Maximum parsimony and neighbour-joining  tree construction 

Unrooted maximum parsimony (MP) and neighbour-joining (NJ) trees were constructed 

by using PAUP* software (Sinauer Associates, Inc). Data was subjected to ModelTest 

(www.modeltest.com) for DNA substitution model required for construction of 

phylogenetic tree. Data was evaluated by Modeltest which showed F84 as the best DNA 

substitution models for further analysis. The DNA substitution model F84 (Felenstein and 
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Churchill 1996) was used to construct neighbor-joining (NJ) tree. Reliability of the NJ 

and MP trees were statistically evaluated by bootstrap analysis with 1000 replicates.  

 

2.4.4.5.2  Genetic Distance matrix calculations 

DNADIST software was used to calculate the distance matrix of sample and reference 

sequences. Genetic distances were calculated between all possible pairs. By using 

distance matrix data, following average distances were calculated, 

i. Average distances within reference sequences  

ii. Average distance between reference sequences and samples present in cluster 1. 

iii. Average distances between reference and samples resolved by RFLP analysis 

iv. Average distances between reference sequences and unresolved samples 

 

2.4.4.5.3  Pair Wise Comparison of HCV Isolates 

HCV samples which were not resolved by conventional RFLP method were also 

sequenced and subjected to pair-wise comparison. Gene Jockey software 

(http://www.eskimo.com/~pristine/biology.html#genejockey) was used for pair-wise 

comparison of HCV sequences. Each HCV sample sequence of particular genotype (2 or 

3) was aligned with the reference sequence of the same genotype (2 or 3).  

 

2.4.4.5.4  Secondary Structure of 5’-UTR 

HCV isolates showing unique sequences were studied in further detail. RNA secondary 

structure of these isolates was deduced using RNAviz software (http://rrna.uia.ac.be/rna 

viz/). 

 

2.4.5.  Statistical Analysis 

All data are expressed as means + standard deviation (S.D.). The degree of significance 

between various parameters of HCV infected patients was tested by Students t-test. 
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2.5 RESULTS  

 

2.5.1 Demographic Features of Patients 

All samples (n=200) were collected from patients coming to AKU clinics and intended to 

start antiviral therapy. The mean age of all patients was 45 years; 58% patients were male 

while 42% were females. Mean ALT levels of all patients was higher than the upper 

limit. Treatment response showed that after combination therapy (IFN-α and ribavirin), 

70% of patients showed sustained virological response whereas 30% remain 

nonresponders (see Table 2.5.1). 

 

2.5.2  Genotype Assignment by Conventional RFLP 

Sera samples (200) were screened for the presence of HCV RNA by RT PCR method. 

Results showed amplification of 5’-UTR region (250bp; Fig 2.5.1). Out of 200 samples, 

190 samples (95%) were positive for the presence of HCV RNA. The genotype of HCV 

positive samples was determined by widely used RFLP-based classification (Davidson 

and Simmonds, 1998) and assigned genotype while considering restriction maps of HCV 

isolates (Davidson, Simmonds et al. 1995). Genotype was assigned after digestion of 

amplified product by using two different sets of restriction endonucleases (Fig 2.5.2a and 

2.5.2b). RFLP results showed that HCV genotype 3 was the most prevalent type (72%), 

followed by genotype 2 (23%). Only two patients were infected with type 1 (1%). 

However, 4.5 % samples remain unresolved by RFLP analysis. 

 
2.5.3 Nucleotide Sequence Variability in 5’-UTR Region  
 

2.5.3.1  Blast Analysis 

In this study 33 samples of HCV were sequenced for 250bp fragment of 5’-UTR. All the 

sequences were subjected to Blast analysis for verification of RFLP analysis and to 

identify untypeable samples as well. Blast analysis confirmed that both unresolved and 

randomly selected resolved samples had high similarity scores with the reported 

sequences of HCV genotype 3 from 5’-UTR 
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2.5.3.2  Phylogenetic tree construction 

All sample sequences and reference sequences (clade 1-6) reported in Gen Bank/EMBL 

were aligned manually while considering the secondary structures present in the 5’-UTR. 

Aligned sequences were subjected to construct trees followed by bootstrapping analysis.  

Unrooted neighbor-joining (NJ) tree as depicted in Fig 2.5.3 showed the presence of 

clades 1-6 as separate genetic lineages. All samples of this study were present in clade 3, 

however, separated in different clusters as described below. Robustness of unrooted NJ 

tree was confirmed by maximum parsimony (MP) tree and both trees showed identical 

results (Fig 2.5.3 and Fig 2.5.4).    

 

2.5.3.2.1  Unique sequences of genotype 3a 

It was found that 3 samples (40R, 46R and 47R) were present in a separate cluster 

(Cluster 1; Fig 2.5.3). This cluster was branched out within the major clade of type 3. The 

reliability of cluster1 was supported by a bootstrap value of 81% (Fig 2.5.3). Further 

analysis showed that there is a significant (p<0.01) genetic distance between cluster 1 and 

reference sequences (Table 2.5.2). However, these samples were resolved by 

conventional RFLP analysis as genotype 3. 

 

2.5.3.2.2  Genotype 3b sequences 

Five samples (48R, 04R, 41R, 121R and 11R) were clustered in a branch as genotype 3b; 

subtype was not resolved at the level of RFLP analysis (Fig 2.5.3). 

 

2.5.3.2.3  Unresolved samples by RFLP analysis 

Unresolved samples that were not genotyped by conventional RFLP analysis (n=4) were 

present in the cluster of resolved samples. However, 4 unresolved samples were present 

in a distinct cluster, supported by a bootstrap value of 71% (Fig 2.5.3).  Average genetic 

distances calculated showed that these unresolved samples are present at a significant 

(p<0.01) distance from reference sequences and those that were typed by RFLP method 

(Table 2.5.2). 
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Table 2.5.1: Demographic features of HCV infected patients  

Parameters   

Age (y) 45 + 11.7  

ALT levels 122.9 + 72  

Gender   Male 58% 

 Female 42% 

Ethnicity Karachi 57% 

 Punjab 22% 

 North area 13% 

 Sindh 4% 

Treatment response Sustained response 70% 

 Non responders 30% 

 
Values are mean + S.D. y; years 
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Amplified 5’-UTR of HCV RNA  

 

Fig 2.5.1 Screening of sera samples for the 
presence of HCV RNA.  
Fragment of 250bp represents HCV positive 
samples, which encodes 5’-untranslated region of 
HCV genome. HCV RT-PCR product was 
amplified by nested PCR, using genotyping 
primers. Lanes 1-8 represent HCV positive 
samples. 

 
 

 
 

                                
 

 
Fig 2.5.2 RFLP analysis of amplified 5’-UTR of HCV. 
(a)Amplicons were digested with  RsaI and HaeIII. Lanes 1, 3 and 
4 representing the presence of HCV genotype 2, whereas, lanes 2 
and 5 are HCV genotype3. (b) Amplicons were digested with 
MvaI and HinfI. Lanes 1-6 representing the presence of HCV 
genotype 3. 

 
 
 
 
 

1     2     3      4     5 1    2    3   4     5    6 a) b) 
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2.5.3.3  Pair wise comparison of HCV isolates 
Pair-wise comparison of HCV sequences showed that in unresolved samples additional 

restriction endonuclease sites (HaeIII and RsaI) were present (Table 2.5.3). Additional 

nucleotides were also present in unresolved samples which were clustered in a separate 

branch. 

 

Samples present in cluster 1 did not show any additional restriction endonucleases, 

however, additional nucleotide stretches were present in these samples. 

 
2.5.3.3  Secondary structure of 5’-UTR 

RNA secondary structure of HCV 5’-UTR (250bp fragment) was deduced by RNAviz 

software. Nucleotide substitutions or deletions found in samples present in cluster 1 were 

analyzed that how they affect the secondary structure of this region, by using RNAviz 

software. Substantial disruption was present in stem loops of this region. It was found 

that mutations were mainly concentrated in stem loop IIId of 5’-UTR region (Fig 2.5.5, 

2.5.6 and 2.5.7). Moreover, in sample # 47R (Fig 2.5.7) separated by highest genetic 

distance showed in addition to loop IIId mutations were also present in IIIb domain and 

also in domain II. Whereas, in samples #40R (Fig 2.5.5) and #46R (Fig 2.5.6) mutations 

were present in stem loop IIId. 
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Fig 2.5.3. Unrooted NJ tree of reference and HCV sample sequences of 5’-
untranslated region. Multiple sequence alignment was performed manually using 
Se-Al software. Tree indicates the presence of some unusual sequences (cluster 
1;bootstrap value is 81%)) appearing inn a separate branch, in addition to 
unresolved samples (with a bootstrap value of 71%). The reference sequences are 
indicated by accession numbers and in parenthesis genotype or subtype is 
indicated. Samples of this study are indicated by R (resolved) and UR 
(unresolved) in the parenthesis. 
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Fig 2.5.4.  Maximum parsimony tree of reference and HCV sample sequences of 5’-
untranslated region. Multiple sequence alignment was performed manually using Se-Al 
software. Tree indicates the presence of some unusual sequences (cluster 1) appearing inn a 
separate branch, in addition to unresolved samples (in a separate branch). Tree indicates 
the presence of some unusual sequences (cluster 1) appearing inn a separate branch, in 
addition to unresolved samples (in a separate branch). The reference sequences are 
indicated by accession numbers and in parenthesis genotype or subtype is indicated. 
Samples of this study are indicated by R (resolved) and UR (unresolved) in the parenthesis. 

  

Cluster 1 

Unresolved 
Samples 
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Table 2.5.2 Average genetic distances by using F84 DNA substitution model 

 
Sequences Genetic distance  

(mean + S.D) 
T-test p-

value 
Reference 0.00816 + 0.000471   
Cluster 1 0.282677 + 0.04858 Reference vs cluster 1 P<0.01 
Unresolved (separate 
branch) 

0.074436 + 0.024124 Reference vs unresolved P<0.01 

Resolved 0.025718 + 0.011115   
Unresolved 0.057964 + 0.013576 Resolved vs Unresolved P<0.27 

 
Genetic distances calculated by PAUP* using F81 DNA substitution model. Reference sequences 
include D1776 3a, AF04686 3a, D29819 3a, AJ006318 3a and AJ006323 3a. In cluster 1 46R, 
47R and 40R were included.Unresolved (separate branch) sequences include HCV226UR, 
C/JUR, Salma UR and Dr.Rashid UR..  
Statistical significance was calculated by Students t-test; p<0.05 was considered significant 
result. 
 
Table 2.5.3  Restriction endonuclease sites present in different sample 

 
Sample ID HaeIII 

restriction site 
(bp) 

RsaI  
Restriction site 
(bp)  

D17763* 216 33,102,225 
   
160-UR 220, 226 99 
159-UR 218 33,104,227 
108-UR 216 97, 225 
Dr.Rashid-UR 44, 224 33, 107, 233 
Salma-UR 44, 219 33,103,175,228 
C/J-UR 218 103, 227 
Amin-UR 67,116,193,218 103,227 
226UR 217 33,102,227 

 
* Accession number of HCV genotype 3 sequence 
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Sample # 40R 

 
 
Figure 2.5.5  Nucleotide sequence and putative secondary structure of HCV RNA (nt 1-351, 
genotype 3a (D17763)). A fragment of 250bp was sequenced (61-310 bp) indicated in black 
letters while the remaining sequence (grey letters) indicated the remaining part of 5’-UTR. 
Principal domains are indicated in roman letters in boxes (I - IV), sub-domains are indicated in 
diamonds. Substitution sites are indicated as bold and enlarged font, mutations by arrows, 
insertions by a plus (+) sign and deletions by minus (-) sign 

+ 

+ 

+ 

+ 
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Sample # 46R 
 

 
 
Figure 2.5.6  Nucleotide sequence and putative secondary structure of HCV RNA (nt 1-351, 
genotype 3a (D17763). A fragment of 250bp was sequenced (61-310 bp) indicated in black letters 
while the remaining sequence (grey letters) indicated the remaining part of 5’-UTR. Principal 
domains are indicated in roman letters in boxes (I - IV), sub-domains are indicated in diamonds. 
Substitution sites are indicated as bold and enlarged font, mutations by arrows, insertions by a 
plus (+) sign and deletions by minus (-) sign 

+ 

+ 

+ 

+ 
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Sample # 47R 

 
 
Figure 2.5.7  Nucleotide sequence and putative secondary structure of HCV RNA (nt 1-351, 
genotype 3a (D17763). A fragment of 250bp was sequenced (61-310 bp) indicated in black letters 
while the remaining sequence (grey letters) indicated the remaining part of 5’-UTR. Principal 
domains are indicated in roman letters in boxes (I - IV), sub-domains are indicated in diamonds. 
Substitution sites are indicated as bold and enlarged font, mutations by arrows, insertions by a 
plus (+) sign and deletions by minus (-) sign 

+ 

+ 

+ 

+ 

+ 

+ 
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 2.6  DISCUSSION 
 
The present study is the first report that describes the sequence variability in the 5’-

untranslated region (5’-UTR) of hepatitis C virus (HCV) isolates from Pakistan. The 

most intriguing finding is the presence of 3 unique sequences of the virus based on 

phylogenetic analysis of 5’-UTR sequences of HCV. Moreover, additional restriction 

sites were also found in a few samples (4.5%) that result in the failure of conventional 

RFLP analysis to identify the genotype accurately in these samples. Subsequent effect of 

nucleotide changes on putative secondary structure of 5’-UTR was also observed. 

Mutations found in unique sequences leads to conformational changes in stem loop III 

that may alter the function regulated by this region e.g. translation initiation of the virus. 

 

In this study, we opted to study genotyping of HCV by conventional RFLP analysis 

because of time and cost effectiveness. Results of the present study confirm that the most 

prevalent type in Pakistan is genotype 3 followed by type 2, whereas other types of HCV 

(genotype 1, 4, 5 and 6) are rarely present. Our findings were in concurrence to previous 

reports (Shah, Jafri et al. 1997).  

 

2.6.1  Unique sequences 

A remarkable variation was observed between sequences of type 3a in our HCV isolates. 

Again, sequences falling into the 3rd clade separated from each other in distinct clusters 

(cluster 1; Fig 2.5.3) (Chan, McOmish et al. 1992). Branch lengths for HCV isolates in 

cluster 1 indicate much faster evolution, than the average of the other major genotypes. 

Average genetic distance of these sequences was also significantly different from the 

reference sequences. Pair wise comparison reveals the presence of substitutions and 

deletions in these sequences.  

 

In the light of above information, the possibility of the presence of a new subtype present 

in this region can not be excluded. It has been recommended that extreme care should be 

taken in assigning new types or subtypes. To assign these unique sequences as a new 

subtype needs further exploration of sequence variability in at least two coding regions as 

well, a criteria described by (Simmonds, Smith et al. 1994). For instance, using the 
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distance-based method of virus classification, new types 6b, 7c, 7d, 9b, 9c and others 

were proposed (Tokita, Okamoto et al. 1995), but when these proposed variants were 

analyzed by phylogenetic and statistical approaches, no justification for this classification 

was obtained (Simmonds, Mellor et al. 1996). Moreover, phylogenetic relatedness on 

other hand provides a more appropriate description of the evolutionary and 

epidemiological history of a virus. Recombination with some other viruses is another 

possibility that may answer to the alterations found in these unique sequences, however, 

further experimentation are needed to confirm this. 

 

2.6.2  Unresolved samples 

Another important implication of the present study is the clade identification by 

phylogenetic analysis of samples that were not typeable by using conventional RFLP 

analysis. These samples were identified as genotype 3a. Furthermore, pair wise 

comparison of sequences reveals the presence of additional restriction sites present in 

these unresolved samples (Table 2.5.3). The existence of genetic variants containing 

additional restriction sites may affect the RFLP results, which is otherwise a simple and 

cost effective method for clade identification of HCV. In clinical practice correct virus 

genotyping has proven to be critical for determining optimal treatment duration 

(Poynard, Marcellin et al. 1998).  Further work is needed to confirm and extend our 

above findings, as well as to clarify the phylogenetic history of this divergence present in 

HCV isolates found in Pakistan 

 

2.6.3  Structural implications of 5’-UTR sequence variation 

The pattern of sequence variability documented in this study also has implications for the 

structure of the HCV 5’-UTR and its function as an internal ribosome entry site (IRES). 

Overall, our findings of covariant sequence changes within the 5’-UTR, coupled with the 

location and measure of other reported sites of polymorphism, provides good evidence in 

support of the secondary structure model for HCV 5’-UTR proposed by (Brown, Zhang et 

al. 1992) and modified here.  

 



Chapter 2  Phylogenetic Analysis of HCV 

60 
 

Nucleotide substitution within the HCV 5’-UTR may influence the viral translation and 

its sensitivity to the antiviral action of interferon. It has been reported that domain II 

induces a conformational change at 40S ribosomal subunit that has been implicated with 

the RNA decoding process, whereas domain III has been shown to interact with 40S 

ribosomal subunit and some trans-acting factors critical for IRES mediated translation 

(Ali and Siddiqui 1997; Kolupaeva, Pestova et al. 2000; Kieft, Zhou et al. 2001).  

Mutations in this domain disrupt IRES-mediated translation initiation (Psaridi, 

Georgopoulou et al. 1999). In the present study it was found that samples present in 

cluster 1 showed mutations mainly present in stem loop  IIId (Fig 2.5.5, 2.5.6, 2.5.7) that 

may cause structural reorganization of the HCV IRES and ultimately reduces its activity 

(Jubin, Vantuno et al. 2000).  

 

In the light of above information, a more rational approach would be to examine the 

effects of these mutations on replication/ translation of the virus. Functional aspects of 

these secondary structure models could be confirmed by experiments studying the IRES 

function of artificial mutants (Wang , Sarnow et al. 1994) or the interference anti-sense 

oligonucleotides (Wakita  and Wands 1994). 

 

Despite the overall sequences divergences, there are remarkably conserved regions or 

residues. These data of conserved or nonconserved sequences in the 5’-UTR regions of 

HCV might provide some information helpful for understanding the mechanism of viral 

replication and the disease process, also for designing vaccines. 

 

In summary, this report describes the presence of unique sequence variability in the 5’-

untranslated region of hepatitis C virus type 3 isolates from Pakistan. Mutations found in 

these unique sequences lead to conformational changes in stem loop III that may alter the 

translation initiation of the virus. Further work is required to assign these sequences to 

new type/ subtype of HCV and determine their clinical impact. Moreover we have 

demonstrated additional restriction sites that result in the failure of conventional RFLP 

analysis to identify the genotype in some cases, resulting in the need to sequence these 

isolates for accurate characterization.  
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CCHHAAPPTTEERR  33  

  

HHCCVV  IIRREESS  TTRRAANNSSLLAATTIIOONN  EEFFFFIICCIIEENNCCYY  

  

33..00    IINNTTRROODDUUCCTTIIOONN  

Hepatitis C viral infection ranges from self-limiting to decompensated cirrhosis and 

primary hepatocellular carcinoma (HCC). The mechanism of viral persistence is still not 

well understood. Nevertheless, it is most likely that various host and virus related factors 

contribute to the progression of disease.  

 

3.1 VIRAL-RELATED FACTORS 

For viruses to survive in nature, they must devise a means to be transmitted between host 

and reside there by clever approach i.e. using the host machinery in its own favor. 

Various viral factors involved in persistence are of major importance in controlling viral 

load. Viral factors such as viremia, genotype and viral heterogeneity (quasispecies) have 

been shown to have an impact on the progression of liver disease and also response to 

interferon (IFN) therapy (Kobayashi, Tanaka et al. 1996). Factors involved in viral 

replication and translation are crucial for the progression of disease, as described below 

in detail. 

 

3.1.1  Translation Regulation of HCV 

The cloverleaf RNA at the 5’-end of Hepatitis C viral genome function as a translation 

regulator to coordinate the use of genomic RNA for translation or replication (Gamarnik 

and Andino 1998). Hepatitis C viral message, like those of some other viruses and certain 

cellular genes, circumvents the requirement of 7-methyl guanosine cap and relies on a 

cap-independent mechanism of translation initiation mediated by an RNA structure 

termed the internal ribosome entry site (IRES), spanning most of the 5’-UTR and a 

portion of core coding region (Jackson, Howell et al. 1990). 
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3.1.2  Domains of IRES 

HCV IRES is folded into a complex secondary structure consisting of several stem-loops, 

known as domains I, II, III and IV, a pseudo knot and a helical structure that links domain 

II with domains III and IV (Wang, Sarnow et al. 1993; Wang, Sarnow et al. 1994; 

Beales, Rowlands et al. 2001) (see Fig 3.1.1). The recent crystallographic and structural 

analyses have revealed that these elements fold upon themselves to adopt a unique 

tertiary structure that can bind with high affinity to the 40S eukaryotic initiation factor 3 

complex (Klinck, Westhof et al. 2000; Lukavsky, Otto et al. 2000; Spahn, Kieft et al. 

2001). Both the primary sequence and highly ordered structure i.e. secondary and tertiary 

structures of the IRES are critical in determining its function (Reynolds, Kaminski et al. 

1995; Rijnbrand, Bredenbeek et al. 1995; Jubin, Vantuno et al. 2000; Varaklioti, 

Georgopoulou et al. 1998). 

 

Domain I is important for IRES function (Zhao and Wimmer 2001), whereas other 

groups reported that this structure was not only dispensible (Lu and Wimmer 1996; Zhao, 

Wimmer et al. 1999) but also inhibitory in translation experiments (Yoo, Spaete et al. 

1992; Rijnbrand, Bredenbeek et al. 1995). Deletion of domain I enhances HCV IRES-

mediated initiation in vitro and in vivo (Gale, Tan et al. 2000; Ishii, Shiroki et al. 1999). 

Studies conducted in the replicon system have shown that domains I (nt 5 to 20) and II 

(nt 44 to nt 118) are necessary and sufficient for RNA replication and that almost all of 

the 5’-UTR is required for efficient RNA replication.  

 

Domain II is required for both replication and translation. Therefore, it is possible that 

domain II is involved in switching from translation to replication whereas, down-stream 

sequence in the 5’-UTR augments replication. Several reports indicate that deletion of 

domain II causes near-total loss of IRES function (Fukushi, Katayama et al. 1994; 

Rijnbrand, Bredenbeek et al. 1995; Wang, Sarnow et al. 1993), whereas others observed 

only partial consequent reduction in activity (Kamoshita, Tsukiyama-Kohara et al. 1997; 

Reynolds, Kaminski et al. 1996; Tsukiyama-Kohara, Iizuka et al. 1992). More recent 

studies revealed that domain II induces a conformational change on the 40S ribosomal 

subunit that has been implicated with the RNA decoding process. However, a few other 
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studies have shown that isolated small changes in the upper single-stranded regions of 

domain II appeared to retain IRES function (Odreman-Macchioli, Baralle et al. 2001; 

Tang, Collier et al. 1999). 

 

It is nevertheless noteworthy that deletion of domain II causes minor changes in the 

sensitivity to nuclease cleavage of domains III and IV and in their interactions with 40S 

subunits (Victoria, Kolupaeva et al. 2000).  

 

Studies conducted in mice revealed that domain III is the only domain that interacts 

efficiently with all other domains, suggesting that it holds all other domains of the IRES. 

Domains II, IIIb, IIIa through IIIc, the AUG initiator codon, and to a lesser degree, a loop 

E motif in IIId, appeared to be important for efficient translation (Lukavsky, Otto et al. 

2000). Toe-printing and deletion analyses indicated that a 40S subunit makes multiple  

contacts with IRES at sites including the helix between IIIc and IIId, the apex of IIId, the 

pseudo knot, and nucleotides flanking both sides of the initiation codon (Kolupaeva, 

Pestova et al. 2000). 

 

The binding site for eIF3 is located in the apical part of this structure (Sizova, Kolupaeva 

et al. 1998). Domain III (specifically, an internal bulge in sub domain IIIb) is thought to 

interact with eIF3 during the initiation of translation and may help to recruit the ribosome 

to the IRES (Pestova, Shatsky et al. 1998). Primary ribosome-IRES interactions occur 

with sub domains IIId and IIIe/f and the pseudo knot structure (Kolupaeva, Pestova et al. 

2000). The helical junction IIIabc is also in the proximity of the 40S subunit (Kieft, Zhou 

et al. 2001), suggesting that this part of domain III might lie at the interface between the 

ribosomal subunit and eIF3 in the 43S preinitiation complex. 

 

Mutations within two hairpin loops, domain IIId and IIIe, disrupt IRES-mediated 

initiation (Psaridi, Georgopoulou et al. 1999) particularly mutations in loop IIId which 

causes a structural reorganization of the HCV IRES, as measured by RNase T1 sensitivity 

and Fe(II)-EDTA cleavage, this happens with a concomitant  reduction in IRES activity 

(Jubin, Vantuno et al. 2000). Additional contacts between the 40S subunit and elements 
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of the IRES such as IIId and the pseudo knot involve regions of the 40S subunit outside 

the mRNA-binding cleft. One of these contacts involves ribosomal protein S9, which is 

located on the 40S subunit at the other end of the mRNA-binding cleft from the eIF3-

binding site (Lu¨tsch, Bielka et al. 1983).  

 

Domain IV contains the initiator AUG codon and includes the first 11 nucleotides of the 

open reading frame (Lemon and Honda 1997). Several structural elements, such as a 

pseudo knot upstream of the initiation codon (Wang 1995; Wang, Sarnow et al. 1994), 

are required for IRES function. Domain IV negatively regulates internal initiation by 

sequestering the initiation codon (Honda, Brown et al. 1996). It seems likely that the 

equilibrium between the folded and unfolded conformations of stem-loop IV is an 

important factor in controlling the interaction of the ribosome subunit with the RNA and 

thus in determining the efficiency of internal initiation of translation on HCV. The sites 

of interaction with the 40S subunit have been mapped by toe-printing, which yielded 

strong, 40S-dependent primer extension stops in the IRES sub domains including an 

adjacent to the pseudo knot structure IV. The sequence of the coding region is important 

for HCV IRES function (Lu and Wimmer 1996; Reynolds, Kaminski et al. 1995); it is 

strongly conserved (Simmonds 1995; Smith, Mellor et al. 1995), and toe printing has 

shown that substitutions within it alter the interaction of this region with the 40S subunit 

(Pestova, Shatsky et al. 1998).  

 

3.1.3 Mutations in IRES 

Although IRES sequence is known to be highly conserved region. Nevertheless, recent 

studies revealed significant variations, which cause alterations in IRES activity. No 

apparent clinical manifestations with strong substantial evidence of statistical 

significance has yet been found (Yamamoto, Enomoto et al. 1997) except in a study 

(Honda, Ping et al. 1996) which has shown that when an in frame 12 nucleotide insertion 

is placed within the capsid coding region, 9 nucleotides downstream of the initiator AUG, 

it strongly inhibited translation, while multiple silent mutations within the first 42 

nucleotides also had the same effect. Experiments carried out (Zhang, Yamada et al. 

1999) with nucleotide T insertion at position 207 or A to C transition at position 119  
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Fig 3.1.1 Sequence and structure of the HCV IRES. Individual domains 
are highlighted, and their known functions in the translation initiation 
steps are indicated; adapted from (Sarnow 2003). 
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showed an increased cap-independent translation. In contrast, multiple silent mutation 

within the first 42 nucleotides of open reading frame (ORF), in frame 12 nucleotide 

insertion within the capsid coding region or deletion of nucleotides of 28-69 nucleotides 

decreased capsid translation both in vitro and in vivo, whereas, deletion of 328-334 

nucleotides was found to completely inhibit the translation of viral genome (Honda, Ping 

et al. 1996). At positions 175 and 224, genotypes 3a and 4a have U to C and G to A 

changes, respectively, which though maintain non-Watson-Crick base pairing at this site 

but may destabilize the secondary structure. Genotype 3a also includes three changes 

between stem-loops IIIc and IIId (nt 247 to 249); again these changes may alter the stem-

loop structure. The final cluster of changes occurs within domain IV, nt 351 to 353, 

which is within the core protein-coding sequence. 

  

3.1.4 Factors Influencing IRES Efficiency 

 

3.1.4.1  Core Protein 

Controversy exists as to whether the HCV protein coding sequence downstream of the 

IRES is essential for IRES function. It is still the subject of debate as to whether HCV 

core protein acts as a translational regulator.  

 

The minimal sequence required for IRES activity extends approximately from 

nucleotides 42 through 341 or 356, the 3¢-border being controversial (Reynolds, Kaminski 

et al. 1995; Rijnbrand, Bredenbeek et al. 2001; Honda, Rijnbrand et al. 1999).  It has 

also been   reported that nt 4–33 of the HCV protein-coding sequence are specifically 

needed for optimal translation of a downstream reporter protein (Reynolds, Kaminski et 

al. 1995). Furthermore, studies of replicon system suggest that the inclusion of a lengthier 

HCV core sequence downstream of the IRES improved the replication capacity of 

chimeric viruses by favorably influencing the processing of the chimeric polyprotein 

(You, Chen et al. 1999).  

 

A possible role for core protein as a transactivator of HCV IRES activity was first 

suggested by studies conducted on  HCV/ poliovirus chimeras in which the HCV IRES 
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replaced the native picornavirus IRES (Lu and Wimmer 1996). Shimoike Mimori et al. 

(1999) recently asserted that a specific interaction between the HCV core protein and the 

5¢-UTR exists which therefore suggests presence of a   specific suppression activity of 

HCV IRES-directed translation in cells expressing the core protein. The region mainly 

responsible for inhibition of IRES mediated cap-independent translation was mapped to 

nt 441–473 of the core-coding sequence (Zhang, Yamada et al. 2002). 

 

Shimoike, Mimori et al. (1999) reported that the core protein binds to HCV RNA and 

subsequently suppresses its translation, which was recently contradicted by (Wang, 

Rijnbrand et al. 2000), who asserted that the core protein itself does not play any specific 

role in modulating the viral translation, while the core-coding sequence may reduce the 

efficiency of cap-independent translation. 

 

3.1.4.2  Cellular Factors 

Several in vitro studies have suggested that multiple  cellular protein including both 

conventional translation initiation factor i.e. eukaryotic factor 3 (eIF3) and non canonical 

translation initiation factor such as nuclear La protein, polypyrimidine tract binding 

(PTB) protein, polycytidylic acid binding protein (PCBP), heterogeneous 

ribonucleoprotein L (hnRNPL) or UNR (upstream of N-ras) (Gale, Tan et al. 2000), bind 

in the IRES region and thereby  influence translation initiation (Buratti, Tisminetzky et al. 

1998; Kaminski, Hunt et al. 1995). Even though PTB has been reported to bind to 

multiple sites of the HCV IRES, but its role in translation is still not clear (Kaminski, 

Hunt et al. 1995; Reynolds, Kaminski et al. 1995). A 25-kDa cellular protein of unknown 

identity has been also shown to bind specifically to the HCV IRES, with an evidence of 

its binding affinity’s influence   on the efficiency of translation initiation (Fukushi, 

Kurihara et al. 1997). Binding of La antigen to the initiation codon of the HCV IRES 

was reported to enhance HCV IRES-dependent translation (Ali and Siddiqui 1997). First, 

binding of hnRNP L to HCV mRNA may put the structure of the HCV mRNA into a 

proper conformation accessible to the translational machinery. Second, hnRNP L that is 

bound near the initiation codon of HCV mRNA may recruit canonical translational 

initiation factors or the ribosome through direct interaction (Hahm, Kim et al. 1998).  



Chapter 3  HCV IRES Translation Efficiency 

 68 

Therefore, it seems likely, that sequence variability in the IRES may result in differential 

binding of these factors and may cause variations in the efficiency of the viral translation 

(Yamamoto, Enomoto et al, 1997). Variations in cellular levels of these proteins may be 

the reason for the recent observations that IRES activity in vivo is dependent on the cell 

cycle (Honda, Kaneko et al. 2000) and cell type (Laporte, Malet et al. 2000). In 

synchronized cultures, IRES activity was shown to be enhanced in the mitotic phase 

(G2/M) of the cell cycle. In contrast, IRES was relatively inactive in the early S phase 

(Honda, Kaneko et al. 2000). 

 

Available evidence indicates that eIF4A is not required for HCV translation (Pestova, 

Shatsky et al. 1998) but eIF3 does bind specifically to the IRES, and both it and eIF2 are 

required for HCV translation (Sizova, Kolupaeva et al. 1998; Buratti, Tisminetzky et al. 

1998). eIF2 is absolutely required as part of the ternary eIF2-Met-tRNA/GTP complex. 

Phosphorylated eIF2 is unable to participate in formation of the ternary complex, and the 

phosphorylation status of eIF2 should be a critical determinant in controlling HCV 

translation activity. Phosphorylation of eIF2 is carried out by phophorylated interferon-

inducible kinase PKR, and its level of phosphorylation is otherwise tied to cellular 

metabolism through the availability of guanosine triphosphate (Honda, Kaneko et al. 

2000) (see Fig 3.1.2). 

 

Although IRES sequence is known to be highly conserved, even among different HCV 

genotypes, recent studies revealed significant variations in this region as well. Reports on 

comparison between IRES efficiencies from HCV genotypes are conflicting (Buratti, 

Gerotto et al. 1997; Collier, Tang et al. 1998; Kamoshita, Tsukiyama-Kohara et al. 

1997; Sáiz, Quinto et al. 1999). It has been reported that HCV IRES from genotype 2b 

isolate appeared to be more efficient than that from genotype 1b isolate in cell free 

systems (Tsukiyama-Kohara, Iizuka et al. 1992) and in cultured cells (Kamoshita, 

Tsukiyama-Kohara et al. 1997). Buratti, Gerotto et al. (1997) explained the translation 

initiation of 3 most common European genotypes i.e. 1, 2 and 3. They showed that in  
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Fig 3.1.2 Model for the mechanism of 48S ribosomal 
preinitiation complex formation mediated by HCV/CSFV IRES 
element; adapted from (Pestova, Shatsky et al. 1998). 

 

 



Chapter 3  HCV IRES Translation Efficiency 

 70 

bicistronic expression system, genotype 3 is less able than 1 and 2 to promote translation 

initiation. Further studies showed that sequence variability of HCV IRES element of 

HCV 1b (Yamamoto, Enomoto et al. 1997), 2a/b and 3a (Sáiz, Quinto et al. 1999) does 

not correlate with interferon (IFN) therapy efficacy (Thelu, Drouet et al.2004). The HCV 

genotypes differ little in manifesting clinical symptoms and clinical manifestation. 

However, in their response to IFN therapy seemingly different s, response rates are 

observed among patients infected with different genotypes. For instance IFN therapy 

appears to be two to three fold more effective  in patients infected with type 1 (Liang, 

Rehermann et al. 2000). The molecular basis of this differential response has yet to be 

defined.  Several other viral factors such as viral load (Davies and Lau 1997) and 

sequence heterogeneity of the NS5A region (Sáiz, López-Labrador et al. 1998; Kurosaki, 

Enomoto et al. 1997; Enomoto, Sakuma et al. 1996; Chayama, Tsubota et al. 1997; 

Klinck, Westhof et al. 2000) have also been related to the type of response to IFN therapy. 

However, the exact relationship between HCV genotype and disease progression remains 

unresolved.    

 

Different HCV genotypes show marked geographic variations in their relative 

frequencies. In Pakistan HCV genotype 3 has been shown to be the most prevalent. 

(Shah, Jafri et al. 1997). It  is reported to be  the best responding genotype to antiviral 

therapy (IFN plus ribavirin) and  showed a  sustained clinical outcome, as 70% of the 

patients respond  to therapy, whereas, 30% remain nonresponders which are most likely 

to develop viral persistence. This incited us to investigate the virus related factors in 

order to further unravel the mechanism of viral persistence. 
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3.2 HYPOTHESIS 

 

· On the basis of above-mentioned evidences we hypothesize that due to 

differences in translation efficiency of HCV RNA that has been regulated by 

IRES sequence, a different response in non-responders (NR) and sustained 

responders (SR) is because of different translation efficiency. 

 

· Translation efficiency of HCV-RNA is dependent on IRES sequence and this is 

the prime factor in producing variations to interferon treatment.  

 

3.3 AIMS 

 

3.3.1 Translation efficiency 

 

· To analyze the translation efficiency of HCV genotype 3 IRES region isolated 

from responders and nonresponders to combination therapy, by using bicistronic 

luciferase expression system.  

· To correlate the translation efficiency of HCV IRES region with clinical outcome 

of patients in order to predetermine the viral replication rate. 

··  To determine the alterations in nucleotide sequence of IRES region in SR and NR 

isolates.   

  

  

3.3.2 Effect of antiviral treatment on IRES clones in vitro 

 

· To determine the dose and time response effect of interferon-alpha and/ Ribavirin 

on HCV IRES clones in in vitro system. 

· To determine the dose response effect of Ribavirin derivatives on HCV IRES 

constructs in in vitro system. 
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3.4 MATERIALS AND METHODS 

 

 

3.4.1  Patients  

Patients with chronic HCV infection attending The Aga Khan University Hospital 

(AKUH) clinics in Karachi were selected for this study. Details are given in section 2.4.1. 

 

3.4.2  Clinical Material 

3.4.2.1  Blood 

Serum was separate from blood of chronic HCV patients as described in section 2.4.2.1. 

 

3.4.3  Methods 

 

3.4.3.1  HCV-IRES amplification 

 

 Two hundred samples were screened for genotyping as described in section.  Of these, 

samples from 22 HCV genotype 3 patients (15 SR and 7 NR) were randomly selected for 

IRES translation efficiency experiments.  

3.4.3.1.1  Total RNA Extraction 

Total RNA was extracted from serum samples of patients by using QIAamp Viral RNA 

Mini Kit (Qiagen, Gmbh, Germany), following the manufacture’s instructions. 

 

3.4.3.1.2  Amplification of the HCV IRES region 

HCV-IRES region (promoter region from nucleotide (1-407) of hepatitis patients was 

amplified from extracted RNA. Presence of high sequence variability within HCV 

genome necessitated the use of several antisense primers (200nM, RT2, RT3, RT4 and 

RT5; Table 3.4.1). For reverse transcription, 1st strand cDNA synthesis kit (Amersham-

Pharmacia Biotech AB, Uppsala, Sweden) was used according to the manufacture’s 

specifications.  
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Same cDNA was used as template for amplification of IRES region. IRES region was 

amplified by supplementing cDNA with 20ml PCR mixture containing 1X PCR buffer, 

1.5mM MgCl2, 200mM of each dNTPs , primers IRES1 and IRES2 (200nM)  (Table 

2.5.1) and 1 unit of Pfu Taq polymerase (Promega, Madison, WI, USA).  Touch down 

PCR was used to amplify HCV IRES region, PCR thermal cycles included initial 

denaturation at 94oC for 3min, followed by amplification with first 5 cycles with 94oC for 

30sec, 64oC for 30sec and 72oC for 1min 30sec and another 5 cycles with 94oC for 30sec, 

60oC for 30sec and 72oC for 1min 30sec. The next 30 cycles were done with 94oC for 

30sec, 55oC for 30sec and 72oC for 1min 30sec. Final extension was carried out at 72oC 

for 6min 

 

Some samples were also amplified by using nested- touch down PCR approach. Primers 

used for amplification are given in Table 3.5.1 (IRES 3 and IRES4 used in external PCR 

and IRES 1 and IRES2 were used in internal PCR). PCR thermal cycles for external and 

internal PCRs were same as described above for touchdown PCR. 

Amplified product of 420bp was visualized after electrophoresis on 1% agarose gel. 

Amplified product was purified by using High Pure PCR product purification kit (Roche 

Diagnostics, GmbH, Germany) according to manufacturer’s instructions. Purified HCV-

IRES PCR product was stored at –20oC and used for cloning into dual luciferase vector. 

 

 

3.4.3.2  Cloning And Subcloning of HVC IRES Region In A Bicistronic 

Luciferase Vector (pDL-CMV)  

 

3.4.3.2.1  Cloning of HCV-IRES region in pPCRScript vector 

Amplified product of HCV IRES region flanked by BamHI (Gibco BRL, Invitrogen) 

sites was purified, polished and then ligated with pPCRScript vector following manual’s 

instruction of kit (Stratagene, San Diego, CA, USA) (see Fig 2.5.1).  

 

Ligated product was electroporated into bacteria (E.coli XL blue electrocompetent cells) 

and after growing in LB media (Sigma, St.Louis, USA), transformed bacteria were  
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Table 3.4.1 Oligonucleotides used for amplification of HCV IRES region 

 

Oligonucleotides Sequence (5’-3’) 

IRES amplification 

RT 2(AS) CCGACGCTGCAGATGTACCCCATGAG 

RT 3 (AS) AGGCTGTGACCGTTCAGAAGTTTTACG 

RT 4 (AS) CGTATACTCCACCAACGATCTG 

RT 5 (AS) AGGACCGGCCTTCGCTCCGACGC 

IRES 1(S) TTACCTGCCCGCGGATCCTCTTACGAGGCGACACTCCAC 

IRES 2(AS) GTTTTTTTTCTTTGGATCCCTTGACGTCCTGTGGGCGACGG 

IRES3 (S) CTCTTACGAGGCGACACTCCAC 

IRES 4(AS) CTTGACGTCCTGTGGGCGACGG 

  

Orientation of HCV IRES 

OR1 (S) 5’-GCTTATCTACGTGCAAGTGATG-3’ 

OR2 (AS) 5’-CACTCTCGAGCACCCTATCAGGCAGT-3’ 

AS: antisense; S: sense 

BamHI site is shown in underlined and italics bold font. 
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selected on LB agar plates with Ampicillin (50µg/ml) (coated with IPTG and X-Gal, 

Roche Diagnostics, GmbH, Germany). IPTG (20mM) and X-gal (2%) were spread on LB 

agar plate 30min before platting the bacteria. 

 

3.4.3.2.1.1  Screening of positive clones and Plasmid mini-preps 

Screening of blue (negative clones) and white (positive clones) colonies was done using 

LB agar plates coated with IPTG and X-gal. For minipreps 5 white colonies were picked, 

inoculated in 5ml of SB media (containing Ampicillin, 50µg/ml) and incubated at 37oC 

with constant shaking. Wizard plus miniprep DNA purification system (Promega, 

Madison, WI, USA) was used to purify minipreps according to instructions given in 

manufacturer manual. Miniprep DNA was digested with BamHI for 5h to analyze the 

presence of insert (HCV IRES region) in vector (pPCRScript). 

 

3.4.3.2.2  Gel purification of BamHI digested HCV IRES from pPCRScript 

Mediprep of positive clone was prepared and digested with BamHI for 8h at 37oC. 

Digested product was electrophoresed on 1% low melting point (LMP) agarose. HCV 

IRES band (420bp) was excised from the gel and purified following manual’s 

instructions of QIAquick Gel Extraction kit (QIAGEN, GmBH, Germany). Purified 

fragment was quantitated and used for subcloning into pDL-CMV vector. 

 

3.4.3.2. 3  Subcloning Of HCV-IRES Region In pDL-CMV Expression Vector 

 

3.4.3.2.3.1  Vector preparation 

a)-  Replacement of T7 (inducible promoter) with CMV (constitutive promoter) 

An existing bicistronic reporter construct, pDL-T7, (courtesy of Dr. RM Elliot, Glasgow. 

UK) where HCV-IRES regulates the translation of firefly luciferase, was modified to 

contain a CMV promoter upstream of the renilla luciferase gene. The CMV promoter was 

obtained from pECFP-N1 (Clontech, CA, USA). Both pECFP-N1 and pDL-T7 vectors 

were digested by AlwNI and SacI (New England Biolabs, Beverly, MA, USA) enzymes 
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Fig 3.4.1: Cloning of insert (HCV IRES) in pPCRScript vector at SrfI site 
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purified and ligated. The correct composition was confirmed by sequencing. A map of 

the resulting plasmid, pDL-CMV, is presented in Fig 3.4.2. 

 

b)-  pDL-CMV restriction digestion and phosphorylation 

pDL-CMV vector was digested by restriction enzyme, BamHI, for 5h.  Digested product 

was gel purified and phosphorylated by Alkaline Phosphatase, Shrimp (Roche, GmbH, 

Germany) (in order to avoid self ligation of vector). The resultant product was purified 

after 1%LMP gel electrophoresis by using same kit (as mentioned above). 

 

3.4.3.2.3.2  Ligation Reaction 

T4 DNA ligase kit (Gibco-BRL, Invitrogen) was used for ligation. 

Insert (HCV-IRES region flanked by BamHI sites; restriction digested and purified from 

pPCRScript vector) and vector (pDL-CMV) was ligated in a ratio of 1:5 at 4oC for 

overnight. Ligated product was electroporated into bacteria (E.coli XL1 blue 

electrocompetent cells) and after growing in SB media, transformed bacteria were 

selected on Ampicillin LB agar plates. 

 

3.4.3.2.3.3  Plasmid mini-preps; screening of positive clone 

For minipreps 10 colonies were picked from each plate, inoculated in 5ml of SB media 

(containing Ampicillin) and incubated at 37oC with constant shaking. 

Using the above mentioned kit minipreps were purified.  Purified miniprep DNA was 

then digested with BamHI for 4h to analyse the presence of insert in vector. 

 

3.4.3.2.4  Orientation of Insert In pDL-CMV Vector 

PCR based method was used to analyze the orientation of promoter. Specific primers 

were designed (OR1 and OR2; Table 3.4.1, Fig 3.4.3 a,b) to identify the positive clones 

with 5’-3’ HCV-IRES region. 
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Fig 3.4.2: Bicistronic dual luciferase vector, 
Renilla luciferase reporter gene is downstream 
to CMV promoter, whereas, firefly luciferase 
gene is downstream to HCV IRES 
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a) Positive clone; HCV-IRES in 5’-3’ 
orientation 

Fig 3.4.3: Orientation of HCV-IRES in pDL-CMV vector. a) depicts the presence of HCV-
IRES in 5’-3’ direction upstream to firefly luciferase gene, representing positive clone. FP 
(forward primer) and RP (reverse primer) were used in PCR to check the presence of HCV-
IRES in right orientation, indicated by amplification of 550bp fragment; b) shows the 
presence of HCV-IRES in 3’-5’ direction upstream to firefly luciferase gene, representing 
negative clone. 

CMV HCV-IRES Renilla Luciferase Firefly Luciferase 

5’ 3’ 

CMV 
Renilla Luciferase HCV-IRES Firefly Luciferase 

5’ 3’ 

b) Negative clone; HCV-IRES in 3’-5’ 
orientation 
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3.4.3.2.4.1  PCR analysis 

Miniprep of positive clone, identified after gel electrophoresis of BamHI digested 

colonies, was used as template. Template was incubated with appropriate concentration 

of PCR mix and primers as mentioned above. Amplification was performed by initial 

denaturation at 94oC for 3min followed by 30 cycles of 95oC for 25s, 50oC for 35s, and 

extension at 68oC for 7min. Final extension was carried out at 68oC for 9min and 30s. 

Amplicons (550bp) were visualized after agarose gel electrophoresis. 

 

3.4.3.2.4.2  Sequence analysis of recombinant clones (pDL-CMV with different 

IRES)  

Recombinant clones of pDL-CMV with IRES of each patient were sequenced with a Big 

Dye Terminator Cycle Sequencing FS Ready Reaction Kit using the ABI PRISM 310 

Genetic Analyzer (PE Applied Biosystems, Foster City, CA, USA). Nucleotide sequences 

data reported in this paper were deposited in the EMBL nucleotide sequence database 

with the accession numbers: AJ621215 - AJ621237. 

 

3.4.3.3 Translation Efficiency of HCV IRES  

Cell monolayers of human hepatoma cell lines (HepG2 and Hep3B), kidney cell line 

(HEK293) and cervical carcinoma HeLa cells were maintained in Dulbecco’s modified 

Eagle’s medium (DMEM) supplemented with 10% heat inactivated fetal calf serum 

(FCS), 100U/ml penicillin and 100U/ml streptomycin, at 37oC in 5%CO2. All reagents 

used for cell culturing were purchased from Gibco-BRL (Invitrogen).  

 

3.4.3.3.1  Transient transfection with control plasmids 

To optimise the kinetics and concentration of luciferase-HCV core fusion protein 

production in different cell lines, pDL-CMV with HCV IRES (nt 40-356) of genotype 2a 

(pDL-CMV 2a356) and 3a (pDL-CMV 3a356) were used. These two cloned IRES regions 

have previously been analysed with T7 system (Collier, Tang et al. 1998). Hep3B, 

HepG2, HEK293 and HeLa cells were seeded in 6 wells plate at a density of 2 x 105 and 

grown to 70% confluency. Cells were transfected with 1 and 2mg of each plasmid by 

using FuGENE 6 transfection reagent (Roche, GmbH, Germany); transfections were 
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made in triplicates. Cells were harvested 48 and 72h after transfection. Renilla luciferase 

and firefly luciferase-core fusion protein were quantified by dual luciferase reporter assay 

(see below; Promega, Madison, WI, USA). 

 

3.4.3.3.2  Transient transfection with HCV IRES construct derived from patients 

HepG2 and Hep3B cells were seeded in 60 x 15mm dishes at a density of 7 x 105 and 

allowed to reach 70% confluency. Cells were transfected with 6mg of IRES construct of 

different patients in triplicates. After 48 or 72h of transfection, cells were washed with 

PBS and lysed with passive lysis buffer (Promega, Madison, WI, USA).  

 

Dual luciferase reporter assay was performed according to manufacture’s instruction 

(Promega, Madison, WI, USA). Luciferase activities were monitored using 

Illuminometer (MonolightTM 401).  In each assay, HCV IRES activity was determined by 

calculating the ratio of firefly to renilla luciferase activity both in internal control (pDL-

CMV 3a356) and samples (pDL-CMV with IRES of different patients). The activity of 

internal control was arbitrarily taken as 100% and the activity of samples were 

normalized with respect to this. Normalized values are reported as translation efficiency 

of each sample. 

 

3.4.3.4  Effect of Antiviral Treatment on HCV Translation Efficiency In 

Cell Culture System 

 

3.4.3.4.1  Effect of IFN-a and / or Ribavirin on cell viability 

Initially, cell viability was monitored to check whether IFN-a and/or RBV had the 

potential to induce apoptosis in the cell lines used (HepG2 and Hep3B). Cells were 

seeded in 60 x 15mm dishes at a density of 7 x 105 cells/ 4ml. After 24h, cells were 

counted and IFN-a was added in concentrations of 500, 1000, 1500, 2000 and 5000 U, 

and RBV was added in concentrations of 25, 50,100 and 500 mM. Controls with no drugs 

added were also included. After 15h of drug addition, cells were trypsinized, stained with 

Trypan blue (Sigma, St. Louis, USA) and counted using haemocytometer. 
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3.4.3.4.2  Effect of IFN-a and / or Ribavirin on translation efficiency of HCV 

IRES constructs 

HepG2 and Hep3B cells were seeded and transfected with different IRES constructs as 

described above. For dose response curve, 24h after transfection, the cells were exposed 

to different concentrations of IFN-a (500, 1000, 1500, 2000 units) or RBV (25, 50, 

100mM), whereas for combination dose experiments cells were exposed at sub optimal 

doses; RBV 25 mM + IFN 500 U and RBV 25 mM + IFN 1000 U or PBS (untreated). 

Finally these cells were harvested after 15h of IFN-a and/RBV treatment, and the 

translation activity was determined by the dual luciferase reporter assay. The relative 

translation efficiency in cells that were not exposed to antiviral drugs was taken as 100% 

in each case, and the results are reported as the relative change in translation efficiency 

after addition of drugs. 

 

3.4.6  Statistical Analysis 

All data are expressed as means + standard deviation (S.D.). The degree of significance 

between various parameters of the non-responder and the sustained responder group was 

tested by Mann-Whitney U-test. 
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3.5 RESULTS 

 

3.5.1  Demographic Features of Patients and Alt Levels 

The demographic features of patients analyzed for IRES activity (all genotype 3) were 

comparable for the SR and NR groups, with no difference in age (42 + 14 vs. 40.5 + 7.9 

years), gender distribution, pre-treatment serum ALT levels (131 + 74 vs. 122 + 44.4 

IU/L) and histological activity index of liver biopsy (Table 3.5.1). 

 

3.5.2  Amplification and Nucleotide Sequences of HCV IRES Region  

From serum samples of 22 patients of HCV genotype 3 with different clinical outcome, 

the HCV IRES region was amplified (nt1-407), cloned into a dual luciferase reporter 

vector and each construct was sequenced.  

 

Serum samples of patients (22) with different clinical outcome were used to amplify 

HCV IRES region. By using RT-PCR and nested in combination with touchdown PCR, 

HCV IRES (nt 1 to 407) region was amplified. A fragment of 420bp (HCV IRES region 

flanked by BamHI sites, required for cloning) was amplified as depicted in (Fig 3.5.1). 

Amplified product of HCV IRES was used to clone in dual luciferase reporter vector to 

analyze the translation efficiency of the virus. 

 

3.5.3 CLONING AND SUBCLONING OF HVC-IRES REGION IN EXPRESSION 

VECTOR 

 

3.5.3.1  Cloning of HCV-IRES Region In pPCRScript Vector  

Amplified HCV-IRES was purified, polished and then ligated with pPCRScript according 

to the manufacturer’s instructions. Digestion of minipreps with BamHI showed that insert 

(420bp fragment) was ligated with vector (pPCRScript) (Fig 3.5.2). 

HCV IRES region was digested out from pPCRScript and subcloned into bicistronic 

luciferase (pDL-CMV) vector. 
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3.5.3.2 Subcloning of HCV-IRES region in pDL-CMV vector 

HCV-IRES digested out, by using BamHI, from pPCRScript was subcloned into pDL-

CMV vector. Digestion of minipreps with BamHI showed that HCV-IRES fragment was 

present, as illustrated in Fig 3.5.3. 

 

3.5.3.3 Orientation analysis of HCV IRES by PCR  

The presence of 5’-3’orientation of HCV-IRES in pDL-CMV vector was identified by 

amplification of 550bp fragment (Fig 3.5.4). 

 

3.5.3.3.2 Sequencing of positive clones with HCV IRES region in 5’-3’ orientation 

Orientation (5’-3’) of HCV-IRES in pDL-CMV vector was further confirmed by 

sequencing analyses. Analysis of HCV IRES sequence (by using sense primer of HCV 

IRES) by using Analyse and Complign software  

Alignment of miniprep (HCV IRES ligated with pDL-CMV) showed that insert (HCV 

IRES) had been ligated upstream to the firefly luciferase reporter gene into the vector. 

 

3.5.5 Translation Efficiency of HCV IRES  

 

3.5.5.1 Translation efficiency of control plasmids 

Translation efficiencies of the control plasmids, pDL-CMV 2a356 and pDL-CMV 3a356, in 

different cell lines (HeLa, HEK 293, HepG2 and Hep3B) were monitored 48 and 72h 

after transfection with 1µg and 2µg plasmid DNA (pDNA) in initial experiments (Table 

3.5.2 and 3.5.3). Maximum IRES activity was recorded 48h after transfection with 2µg 

pDNA in both the hepatoma cell lines HepG2 and Hep3B. 

 

In HEK cells, the ratios of firefly to renilla luciferase activity was high but this apparently 

high level IRES efficiency was due to suppressed activity of the cap-dependent control 

renilla luciferase rather than to an increased HCV IRES activity. In HeLa cells, both 

renilla luciferase and firefly luciferase activities were comparatively lower than in 

 



Chapter 3  HCV IRES Translation Efficiency 

 85 

 

 

 

 

 

Table 3.5.1 Demographic features of patients 

 Sustained Responders Non-responders 

Age (years) 42 + 14 40.5 + 7.9 

   

Sex 10 Males 8 Males 

 5 Females 4 females 

HCV Genotype 3 3 

ALT levels (IU/L) 122 + 44.4 131 + 73.9 

Treatment IFN + RBV IFN + RBV 

 

Values are mean + S.D. 
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Fig 35.1 Amplification of HCV IRES region by 
nested touch-down PCR.  
L represents 1kb DNA marker, lane 1-3 shows 
amplicon of 420bp fragment of HCV IRES 
region, amplified from genotype 3 serum 
sample of patients. 

 
 

 

 

 

 

 

 

Fig 3.5.2 Clones of HCV IRES region in 
pPCRScript vector. Minipreps were digested 
with BamHI to identify the presence of HCV 
IRES region. 
L represents 1kb DNA marker, lanes 1 and 2 
represents positive clone, showing a fragment of 
HCV IRES region. 
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Fig 3.5.3 Clones of HCV IRES region in 
bicistronic luciferase vector. Minipreps were 
digested with BamHI to confirm the presence of 
insert. L represents 1kb DNA marker, lanes 1-5 
shows positive clones indicating the presence of 
HCV IRES region (410bp) in vector. 

 

 

 

 

 

 

Fig 3.5.4 Identification of HCV IRES orientation in 
bicistronic luciferase vector by PCR. L represents 
1kb DNA marker. Lane 1 and 2 showed the absence 
of HCV IRES region in 5’-3’ orientation. A 
fragment of 550bp in lane 3 and 4 represents the 
presence of HCV IRES region 5’-3’ orientation in 
vector. 
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hepatoma cells, while the ratios of IRES-driven to cap-dependent translation were similar 

to values obtained for hepatoma cells. HCV IRES activity in our system was determined 

to be optimal in HepG2 and Hep3B cell lines, and these were therefore used for further 

studies. 

 

3.5.5.2 Translation efficiency of the HCV IRES region isolated from different patients 

Translational efficiency of the HCV IRES element obtained from SR and NR patients 

was determined in both HepG2 and Hep3B cell lines and was less in SR compared to NR 

patients (29.7 + 13 vs 69.4 + 22;  p < 0.01) (Fig 3.5.5). 

 

3.5.5.3 Effect of Antiviral Treatment on HCV IRES of Different Patients 

 

3.5.5.3.1 Effect of IFN- α and RBV 

Initially, 7 x 105cells were plated. Approximately 1.6 fold increase in the number of 

viable cells of HepG2 (1.75 x 105 to 1.08 x 106 cells) and Hep3B (1.75 x 105 to 1.5 x106) 

cells was noted after 24hours. Cells were counted after 15h of IFN-α addition, cells were 

counted and there was no difference between untreated controls and those treated with 

different concentrations of IFN-α (500, 1000, 1500, 2000U and 5000 U) for both Hep3B 

and HepG2 cells. At 5000U doses, however, there was a significant decrease in HepG2 

cell viability (70%; p<0.03) (Table 3.5.5). After 15h of RBV addition, the number of 

viable cells was almost the same in untreated cells and at doses of 50 and 100mM RBV 

in both Hep3B and HepG2 cells. At 500 µM no effect was evident in Hep3B cells, but 

HepG2 cells showed a 30% decrease in cell viability as compared to untreated cells 

(Table 3.5.4). 

 

The effect of IFN and RBV was monitored in cell cultures that were transiently 

transfected with HCV IRES constructs derived from SR and NR patients. Dose response 

curves of IFN-α (Fig 3.5.6) and RBV (Fig 3.5.7) revealed a dose-dependent inhibition in 

the relative translation efficiency of cells transfected with IRES of SR  
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Table 3.5.2 Translation efficiency of control plasmids pDL-CMV-2a356 

 

Cells  pDL-CMV-2a356 

 Time Plasmid 

Conc. 

Renilla 

Luciferase 

(CMV) 

Firefly 

Luciferase 

(IRES) 

IRES/CMV* 

100 

1mg 159 + 1.2 4.3 + 0.3 2.7 + 1.8 48h 

2mg 152 + 7.4 3.4 + 0.1 2.2 + 0.8 

1mg 107.4 + 4.1 2.8 + 0.3 2.6 + 0.4 

 

HeLa 

72h 

2mg 56.7 + 3.8 1.9 +  0.2 3.4 + 0.3 

1mg 235.5 + 8.5 2.8 + 0.1 1.2 + 0.002 48h 

2mg 304 + 76.9 3.8 + 0.68 1.3 + 0.15 

1mg 650 + 154 4.3 + 1.12 0.6 + 0.18 

 

Hep3B 

72h 

2mg 679 + 99 4.6 + 0.6 0.7 + 0.13 

1mg 38 +  2 10.5 + 0.7 28 + 0.25 48h 

2mg 39.6+  7.2 20.3 + 3.2 51 + 2.5 

1mg 62 +  4 21.6 + 3.2 35 + 3.3 

 

HEK 

293 72h 

2mg 78 + 8.7 49.3 + 2.9 63 + 3.7 

1mg 208.4 + 37 6 + 0.8 2.9 + 0.15 48h 

2mg 202 + 15.7 6.3 + 0.3 3.3 + 0.2 

1mg 166.6 + 19.5 6.5 + 0.5 3.9 + 0.2 

 

HepG2 

72h 

2mg 133 + 17.9 6.1 + 0.6 4.6 + 0.33 

 

Values are means + S.D. (n=3 in each group)
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Table 3.5.3 Translation efficiency of control plasmids pDL-CMV-3a356 

 

Cells  pDL-CMV-3a356 

 Time Plasmid 

Conc. 

Renilla 

Luciferase 

(CMV) 

Firefly 

Luciferase 

(IRES) 

IRES/CMV* 

100 

1mg 142 + 17.3 4.7 + 0.7 3.29 + 0.28 48h 

2mg 111.5 + 0.7 2.9 + 0.8 2.69 + 0.38 

1mg 89.3 + 14.4 3.4 + 0.7 3.8 + 0.3 

 

HeLa 

72h 

2mg 70 + 11.5 2.6 + 0.4 3.7 + 0.1 

1mg 558 + 85.9 17+ 1.7 3.1 + 0.2 48h 

2mg 659.6 + 43.5 21.3 + 2 3.2 + 0.12 

1mg 754.6 + 124 13 + 1.7 1.7 + 0.11 

 

Hep3B 

72h 

2mg 595.3 + 154 15.3 + 1.5 2.5 + 0.4  

1mg 41+ 9.6 10+ 2 24.7 + 4.1 48h 

2mg 63+ 1 26.5 + 0.7 42.2 + 1.3 

1mg 85 + 3.6 31 + 3.5 36.4 + 2.5 

 

HEK 

293 72h 

2mg  101 + 9.3 60.6 + 0.6 60 + 4.9 

1mg 159.5 + 17.3 7 + 0.9 4.4+ 0.2 48h 

2mg 305 +15.7 11.7 + 0.3 3.8+ 0.4 

1mg 177.5 + 5.7 9.5 + 0.4 5.3 + 0.15 

 

HepG2 

72h 

2mg 151.5 + 2.9 9.1 + 0.25 6 + 0.1 

 

Values are means + S.D. (n=3 in each group) 
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 and NR constructs. However, the inhibition was greater in cells transfected with SR as 

compared to NR constructs. After the addition of RBV25 plus IFN 500U, the relative 

translation efficiency was 67% vs 88% for cells transfected with IRES of SR and NR 

patients respectively, when compared to untreated (PBS) cells (Fig 3.5.8). A similar 

pattern of translation efficiency (68% vs 86%) was apparent after addition of RBV25 + 

IFN 1000U doses. These results, although not statistically significant, indicate a greater 

suppression in relative translation efficiency after addition of antiviral drugs in cells 

transfected with IRES constructs of SR as compared to NR patients. 

 

3.5.6  Nucleotide Sequence Variability in the HCV IRES Region of Different 

Patients 

HCV IRES constructs of SR and NR patients were sequenced. Multiple alignment of the 

sequences with CLUSTAL-W using a published genotype 3a isolate as reference 

(accession #D17763) showed that only one of 15 SR isolates was identical to the 

reference sequence, whereas all remaining isolates exhibited variations in stem loops I, II 

and III of the 5’-UTR. Insertions were mainly present in stem loop I, deletions were 

present in loop II, whereas substitutions were scattered in all three loops. Some of the 

alterations might have caused slight disruption of secondary structure of this region as in 

many cases no compensatory substitution could be found in the hybridizing nucleotide in 

putative stem segments (Fig 3.5.10 and 3.5.11). 

In the isolates of the NR group, the number of alterations was comparatively less and 

these were scattered in stem loops I and III (Fig 3.5.11). Substitutions were only detected 

in loop III. There was one notable sample of genotype HCV 3b in which 4 nucleotides 

(GCCU) were deleted from loop I. 

Sequence alterations were also observed in the core-coding fragment included in the 

IRES region, with substitutions at the 384, 385 and 386 bp positions, both in SR and NR 

groups. Three SR and NR patient constructs also had similar substitutions at the 352, 360 

and 367 bp positions. 
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Fig 3.5.5 Relative translation efficiency of HCV IRES isolated from SR 
and NR patients infected with HCV genotype 3. 
Each point represents relative efficiency of HCV IRES from individual 
patient. Horizontal line represents the mean value in each group. 
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Table 3.5.4 Effect of Ribavirin on cell viability 

 

 HepG2 Hep3B 

Initial 700,000 + 0 700,000 + 0 

After 24h 116000  + 42464 945000 + 7071 

Blank 1560000 + 56568 1295000 + 63639 

RBV 50µM 1650000 + 113137 1365000 + 106066 

RBV 100 µM 1665000 + 77781 1305000 + 205060 

RBV 500 µM 1135000 + 219203 1325000 + 63639 

Values are means + S.D. (n=3 in each group). 

 

 

 

Table 3.5.5 Effect of Interferon on cell viability 

 

 HepG2 Hep3B 

Initial 700,000 + 0 700,000 + 0 

After 24h 1080000  + 85440 1246667 + 141892 

Blank 1696667 + 127410 1496667 + 58594 

IFN 100U 1885000 + 289913 1655000 + 247487 

IFN 500U 2075000 + 120208 1545000 + 120208 

IFN 1000U 1690000 + 113137 1345000 + 35355 

IFN 1500U 1730000 + 120208 1590000 + 197989 

IFN 2000U 1835000 + 21213 1545000 + 7071 

IFN 5000U 1330000 + 28284* 1560000 + 122128 

 

Values are means + S.D. (n=3 in each group) 

Viable cells were significantly (* p<0.03 by t-test) decreased when 
cells were exposed to 5000U as compared to blank (PBS treated cells). 
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Fig 3.5.6 Dose response curve of IFN- α on translation efficiency of 
HCV IRES clones. Relative translation efficiency 15h after addition of 
RBV to transiently transfected HepG2 cells with NR (non responders) 
IRES constructs. Cells were exposed to 500, 1000, 2000 and 5000 units 
of IFN-α or PBS (untreated).  
Values are mean + S.D.  (n = 6 in each group). 
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Fig 3.5.7 Dose response curve of Ribavirin (RBV) on translation 
efficiency of HCV IRES clones. Relative translation efficiency 15h after 
addition of RBV to transiently transfected HepG2 cells with NR (non 
responders) IRES constructs. Cells were exposed to  25µM, 50 µM, 100 
µM and 150 µM of RBV or PBS (untreated).  
Values are mean + S.D.  (n = 6 in each group). 
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Fig 3.5.8 Effect of IFN plus RBV on translation efficiency in 
vitro. Relative translation efficiency 15h after addition of 
antiviral drugs to transiently transfected HepG2 cells with 
NR (non responders) and SR (sustained responders) IRES 
constructs. Cells were exposed to RBV 25 + IFN 500 U, 
RBV 25 + IFN 1000 U or PBS (untreated).  
Values are mean + S.D.  (n = 7 in each group). 
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Fig 3.5.10 Substitution sites found in sustained responders. 
Nucleotide sequence and putative secondary structure of HCV IRES RNA (nt 1-407, 
genotype 3a (D17763. Principal domains are shown in roman letters in red boxes (I 
- IV), sub-domains are indicated in green diamonds. Sequence of the core fragment 
is shown in blue. Substitution sites are indicated as bold and enlarged font, 
mutations are shown by arrow sign, insertions by a plus (+) sign and deletions by 
minus (-) sign; subscript number indicates the nucleotide position. 
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Fig 3.5.11 Substitution sites found in non-responders.  
Nucleotide sequence and putative secondary structure of HCV IRES RNA (Nt. 1-407, 
genotype 3a (D17763)).Principal domains are shown in roman letters in red boxes (I 
- IV), and sub-domains are indicated in green diamonds. Sequence of the core 
fragment is shown in blue. Substitution sites are indicated as bold and enlarged font; 
mutations are shown by an arrow, insertions by a plus (+) sign and deletions by 
minus (-) sign; subscript number indicates the nucleotide position. 
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3.6  DISCUSSION 

 

The most intriguing aspect of the present data is the unambiguous correlation between the 

IRES translation efficiency of HCV type 3 and treatment outcome. Previous reports 

showed no significant difference between HCV IRES translation efficiency of SR and 

NR patients infected with genotype 3 virus (Sáiz, Quinto et al. 1999). In contrast, our 

results demonstrated a significant correlation between the IRES translation efficiency of 

HCV type 3 and treatment outcome. One possible reason for this discrepancy may be the 

difference in IRES segment used in our study (nt. 1-407) compared to that in the study by 

Saiz et al. (nt. 40-407) (Sáiz , Quinto et al. 1999). It has been shown that the first 40 

nucleotides of the 5’-proximal stem loop (1-43 nt.) contain a cis acting RNA element that 

regulates HCV RNA replication and translation (Luo, Xin et al. 2003). As several cellular 

proteins bind to the IRES region, IRES elements differing in length would be likely to 

interact differently with such factors, and hence may result in different translation and/or 

replication capacities. Also, the cell lines used for transfection may have contributed to 

that our results differ from previous reports. Stability of the RNA may also be affected by 

IRES length and could influence translation indirectly. Several studies have reported 

differences in the IRES efficiency when comparing 5’-UTR sequences from different 

HCV genotypes in vitro or in vivo (Buratti, Gerotto et al. 1997). Translation initiation of 

the three most common genotypes emanating from Europe (i.e. genotypes 1, 2 and 3) has 

been investigated by using a bicistronic expression system (Buratti, Gerotto et al. 1997). 

The lowest translation initiation potential was observed for genotype 3. However, it was 

also noted that the 3a construct contained a segment of the core protein of genotype 1 

rather than genotype 3, which may have affected its secondary structure and thus function 

(Buratti, Gerotto et al. 1997). The relative difference in translation efficiency of different 

genotypes correlated with the interferon response of patients; genotype 3 had low 

translation efficiency and is the best responding type to antiviral treatment (Buratti, 

Gerotto et al. 1997). 
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3.6.1 Effect of antiviral agents on HCV IRES translation in a cell culture system 

The correlation of HCV type 3 IRES translation efficiency of NR and SR and clinical 

outcome encouraged us to further investigate the potential of these constructs as 

predictors of antiviral responses in vitro. A dose-dependent inhibition of relative 

translation efficiency by INF-α in vitro was apparent, consistent with previous findings 

(Kato, Kato et al. 2002). RBV also exhibited dose-dependent inhibition. IFN and RBV in 

combination had an additive negative effect on translation. At doses RBV 25µM + IFN 

500U and RBV 25µM + IFN 1000U, the inhibition of relative translation efficiency was 

greater with IRES constructs of SR patients compared to NR patients, but the difference 

did not reach statistical significance. At present, these results are suggestive of a positive 

correlation between the effect of antiviral agents in cells in vitro and the clinical 

responses of patients. However, the in vitro assay may be titrated further, as we noted 

different sensitivities for various IRES elements to the particular combinations of IFN 

and RBV. Whether the in vitro assay used here can be refined to such an extent that it 

would be robust and reliable as a prognostic tool remains to be elucidated. 

 

3.6.2 Nucleotide sequence variability in different patients 

The IRES needs a stable secondary structure to perform its function. Accordingly, any 

sequence difference resulting in structural changes in this region may affect IRES 

functional activity. Using a genotype 3 as reference sequence, we noted that nucleotide 

substitutions and insertions were few in the NR group, as compared to SR sequences. In 

the latter there were a remarkable number of substitutions, deletions and insertions, 

mainly clustered in stem loops I, II and III of the 5’-UTR. Most of the mutations detected 

in both SR and NR patients’ HCV-RNA in our study 16 have not been previously 

reported. Some of these mutations would likely affect the secondary structure; most often 

by “opening” stem structures where single point mutations did not show a 

complementary mutation on the hybridizing strand (indicated in Figs 3. and 2.). However, 

direct analysis of RNA structure would be needed to validate this suggestion. In an initial 

analysis, we did not observe any obvious generalized motifs or mutations that seem to be 

directly associated with a certain IRES capacity. 
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Differential binding of cellular factors to the IRES regions of different sequences, 

resulting in varied translation efficiency of the viral polyprotein, is also an obvious 

possible explanation to our findings. Similarly, replication capacity may be affected, as 

well as RNA stability. All these effects separate or in combination, may have leaded to 

reduced overall fitness of the virus isolate, reflected in the different response to treatment. 

It would be of considerable interest to understand the balance between effects of the 

mutations on replication vs. translation. Introducing the observed mutations into HCV 

replicons in parallel to determination of the translation capacity would allow such an 

assessment. 

 

In conclusion, the IRES translation efficiency may be an important factor influencing the 

treatment response for HCV genotype 3. As a speculation, in depth analysis of the IRES 

sequences associated with different translation activities in the assay used may provide a 

more accessible prognostic tool regarding the treatment response, particularly in view of 

the scarcity of such possibilities in current clinical practice for chronic HCV infection. 

However, various parameters need to be defined using a larger study population. Cloned 

HCV IRES constructs may also be possible to use for assessing the effect of drugs on 

individual IRES efficiency in vitro, but this will need further studies. 
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CHAPTER 4 

 

HOST RELATED FACTORS IN VIRAL PERSISTENCE 

 

4.0 INTRODUCTION 

Hepatitis C virus (HCV) is an emerging virus that causes persistent infection in majority 

of exposed individuals leading to cirrhosis or hepatocellular carcinoma (HCC). Chronic 

HCV infection is frequently refractory to currently available interferon/ and Ribavirin 

antiviral therapy (Botarelli, Brunetto et al. 1993). The mechanism involved in persistence 

is still a challenge for the researches working in this field. It is likely that both viral and 

host factors are involved in the pathogenesis of chronic HCV (Agrati, D'Offizi et al. 

2001). Understanding of host-virus interaction is indeed essential for unraveling the 

mechanism of persistence as well as designing effective antiviral strategies. 

 

4.1 HOST-VIRUS INTERACTION 

For viruses to survive in nature, they must devise a means to be transmitted between 

hosts and reside there by clever approach i.e. using the host machinery in its own favor. 

Certain virus related characteristics, such as viremia, genotype and viral heterogeneity 

(quasispecies) have been shown to have an impact on the progression of liver disease and 

also response to interferon (IFN) therapy (Pawlotsky, Roudot-Thoraval et al. 1996). 

 

A high degree of nucleotide and amino acid divergence between HCV strains has been 

invoked as a possible strategy adopted by the virus to decoy immune system for its 

survival.  Farci, Alter et al. (1994) took an important step in understanding host-virus 

interactions in acute hepatitis C virus (HCV) infection, by demonstrating that increased 

viral diversity in the hypervariable region of the E2 envelope gene is associated with lack 

of control of infection. They suggested that, in those who fail to clear the virus, escape 

mutants arise in the hypervariable region, which leads to loss of immune control. This 

plays to the virus's advantage because inefficient neutralization can be assured. The 
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immune system is fooled into thinking it is occupied, although in reality, partial binding 

has no real effect on deterring the virus.  

 

4.1.1 Host-Related Factors 

Various host factors are mainly categorized into two classes i.e. extrinsic factors and 

intrinsic factors that are vital in disease progression. 

 

4.1.1.1  Extrinsic Factors 

These include excessive alcohol consumption which is associated with fibrosis (Thursz, 

Yallop et al. 1999), alcohol is also consistent determinant of HCV progression to 

cirrhosis and HCC (Seeff 2002). 

 

Smoking is being associated with the development of HCC in persons with chronic 

hepatitis (Mori, Hara et al. 2000). Smoking was also found to be highly associated with 

increased fibrosis. Cigarette smoke may contain hepato-toxic compounds that may be 

responsible for the phenomenon.  

 

4.1.1.2  Intrinsic Factors 

These include age, gender, genetic composition and immune status of the host that 

predetermines the fate of HCV infection to some extent. 

 

Age appears to be an important determinant of progression. Data suggested that younger 

the age at infection, the lower the rate of progression. It is also reported that acquisition 

of infection after the age of 40y is associated with more severe fibrosis (Seeff 2002). 

 

Regarding sex, there is moderate evidence to indicate that the rate of progression of liver 

disease is lower among women than men (Bissell 1999). 

 

Body weight by itself plays a minor role in predicting response to therapy and 

subsequently to the progression of disease (Reddy, Wright et al. 2001). 
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Studies have suggested an association between possession of HFE variants and increased 

fibrosis or cirrhosis (Pirisi, Scott et al. 2000; Erhardt, Maschner-Olberg et al. 2003), 

whereas other studies suggesting that there are no associations. 

 

4.1.1.2.1  Host Immuno-genetics Status 

Genetic association may provide clues to the fundamental questions about the 

pathogenesis of an organism and lead to therapeutic avenues. Although still an area under 

discussion and going through its informative stages, infectious disease outcomes may 

also be predetermined by genetic polymorphisms. Studies have indicated that host genetic 

factors may account for the variability in the rate of disease progression seen in patients 

with chronic hepatitis C. 

 

4.1.1.2.2  Cytokine Polymorphism 

Cytokines, a humoral immuno-modualtory protein, are produced by CD4+ cells, CD8+ 

cells and macrophages in response to exogenous or endogenous antigens. The capacity 

for cytokine production in individuals has a major genetic component. There are striking 

differences between individuals in their ability to produce cytokine after in vitro 

stimulation of peripheral blood leukocytes. This has been ascribed to polymorphism 

within the regulatory regions or signal sequences of the cytokine and their receptors gene 

(Powell, Edwards-Smith et al. 2000). 

 

Polymorphism within 5’- and 3’- regulatory sequences may affect transcription by 

altering the structure of transcription factor binding sites. Intronic polymorphism may 

affect mRNA splicing or the structure of enhancers or silencers. Furthermore, 

polymorphism may alter the structure of binding sites for transcription factors that are 

known to modulate promoter activity (Bidwell, Alvarez et al. 1998). Inherent ethnic 

genetic variations may also contribute to cytokine polymorphism (Reynard, Turner et al. 

2000; Hoffmann, Stanley et al. 2002; Meenagh, Williams et al. 2002). 

 

There is a possibility that polymorphism in pro-inflammatory cytokine genes may have a 

role in determining the progression of viral persistence in chronic HCV. The majority of 
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disease association studies involve the analysis of individual SNP (single nucleotide 

polymorphism) or a series of SNPs in a number of different cytokine genes. 

 

Several polymorphic sites have been described within the TGF-β1 gene including two in 

the promoter region, one in the untranslated region and two in the signal sequences 

(Awad, El-Gamel et al. 1998). The promoter region of the IL-10 gene contains a biallelic 

polymorphism that produces 3 different haplotypes (Turner, Williams et al. 1997). 

Similarly, the promoter region of the TNF-α gene contains a biallelic polymorphism 

(Wilson, di Giovine et al. 1992). SNPs in TNF- α gene have been shown to modify 

expression of these genes (Abbott, Rigopoulou et al. 2004). 

 

Studies conducted on Sudanese population showed 2 new polymorphic sites were present 

in distal IFN- γ promoter where a G to A transition was identified at position -183 from 

the transcription start and 2nd transition from A to G was identified at position -155. It is 

postulated that these two polymorphisms may affect the transcription of IFN- γ gene 

(Chevillard, Henri et al. 2002). 

 

Another study (African-American population) reported that in IFN-γ promoter region 

179T allele that creates an AP-1 binding site for nuclear transcription is induced by TNF- 

α that results in up regulation of transcriptional activity in reporter gene assays. 

Stimulation induced phosphorylation of pre-bound transcription factors has been reported 

for a variety of DNA binding protein including AP-1 22). Additional upstream binding 

sites for AP-1, yin yang-1 (YY-1), NF-AT, Stats and NF-κB also regulate transcription 

factor (Soutto, Zhang et al. 2002). IFN- γ gene and IFN- γ T874 allele has been shown to 

be associated with high IFN- γ production, whereas, A874 allele is associated with low 

IFN- γ production (Frossard, Gupta et al. 2002). 

 

TNF- α polymorphism is strongly associated with immune response against HCV 

infection. It was found that SNP 863A was associated with viral clearance in subjects of 

African origin, whereas, wild type haplotype -863C/-308G was associated with viral 

persistence (Thio, Goedert et al. 2004). The distribution of TNF- α G/G, G/A and A/A 
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allele was same in controls and patients and also same in sustained responders and 

nonresponders (Yee, Tang et al. 2001). On the other hand TNF-β A/A allele was strongly 

associated with TNF- α G/G allele. Suzuki, Tanaka et al. (2003) reported no genetic 

association of TGF-β codon 10 gene within chronic HCV patients. Schiemann, Glas et al. 

(2003) also showed no association of TNF- α promoter polymorphism with disease 

progression.   

 

Several other studies are also focused on TNF gene and have observed no association 

with respect to TNF- α and HCV susceptibility (Vidigal, Germer et al. 2000; Constantini, 

Wawrzynowicz-Syczewska et al. 2002; Vidigal, Germer et al. 2002). Contradictory 

reports have been observed with respect to association studies of cytokine gene 

polymorphism and the response to interferon based therapies for HCV. 

 

In case of IL-1β (-511 A2/A2) may increase the susceptibility to acquire chronic hepatitis 

(Bahr, el Menuawy et al. 2003). The polymorphism of IL-12β (1188 A/C) appears to 

have some influence on the outcome of HCV infection (Yin and Zhu 2004).  Rigopoulou 

et al. (2004) showed no association of fibrosis in chronic hepatitis C with IFN-γ or IL-10 

promoter polymorphism.  

 

Abbas and Moatter (2003) reported that IL-1β -11C and IL-10 -1082A are the more 

frequent allele in HCV patients from Karachi, while 115TT and -1082A GG allele of IL-

10 are less common. Another study (Vidigal, Germer et al. 2002) showed that TGF-β1 

+29C/C and IL-10 1082 G/G is associated with susceptibility to chronic HCV and 

resistance to combined antiviral therapy. Polymorphisms in IFN- γ gene and its 

association with chronic hepatitis C infection have not been reported in our population. 

Present study was focused to investigate the frequency distribution of IFN-γ promoter 

polymorphic sites and its association with therapy outcome in patients of chronic 

hepatitis C virus.  
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4.2 HYPOTHESIS 

 

· Since the capacity for cytokine production in individuals has a major genetic 

component, several polymorphic sites have been described. It is hypothesized 

that a particular polymorphic sites of antiviral cytokine(s) gene (IFN-g ) is 

associated with the persistence of hepatitis. 

 

· IFN-g promoter polymorphism is associated with therapy outcome in case of 

chronic hepatitis C viral infection. 

 

 

4.3 AIMS 

 

· To determine the polymorphism in IFN-γ promoter region of control subjects 

and chronic HCV infected patients. 

 

· To determine the clinical correlation between IFN-γ promoter polymorphic 

site and therapy outcome of chronic HCV patients. 
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4.4 MATERIALS AND METHODS 
 

4.4.1  Patients 

Criteria for patients selection was same as described in section 2.4.1.  

 

4.4.1.1  Control Subjects 

Healthy individuals (n=100) were selected as representative controls. All controls were 

tested for the presence of HCV and HBV antibodies. Serum ALT levels were also 

monitored. The age of control subjects was in a range of 33-55years. 

 

4.4.2  Genomic DNA Extraction 

Blood (5-10ml) was collected in EDTA coated tubes. Peripheral blood lymphocytes 

(PBLs) were isolated. Genomic DNA was extracted from PBLs following standardized 

salting-out method (Sambrook et al, 1989). Briefly, lymphocytes in buffy coat were 

collected after centrifugation of blood. RBCs from buffy coat was removed by using 

RBC lysis buffer (155mM NH4Cl, 10mM KHCO3 and 0.1mM EDTA, pH 8). 

Lymphocytes isolated in SET buffer (10mM Tris HCl, pH 8; 2mM EDTA, pH 8 and 

10mM NaCl) were subjected to proteinase K digestion for overnight at 37oC. Genomic 

DNA was collected in the presence of concentrated salt solution (saturated NaCl) and 

precipitated and washed by ethanol. Genomic DNA was quantitated and then stored at -

20oC till further analysis.  

 
4.4.3  Identification of IFN- γ Promoter Polymorphic Sites 
 
4.4.3.1  PCR amplification of IFN- γ promoter 

IFN- γ promoter region was amplified by using genotyping primers in PCR as described 

earlier (Bream, Ping et al. 2002) with slight modifications. Genomic DNA (100-150ng) 

was supplemented with PCR mix (50µl) containing 1XPCR buffer, 1.5mM MgCl2, 

0.2mM dNTPs, 0.4µM of Forward primer (5’-ATCAATGTGCTTTGTGAATGAA-3’) 

and reverse primer  (5’-CCGAGAGGAATTAAGCCAAAGA-3’) and Taq polymerase 

(Invitrogen, Gibco BRL). PCR amplification was performed at initial denaturation at 

96oC for 5min followed by 35 cycles consisting of 94oC for 30sec, 53oC for 1min, 72oC 
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for 1min and final extension at 72oC for 7min. PCR products (450bp) were analyzed by 

agarose gel electrophoresis. 

 
4.4.3.2  Polymorphic Sites Identified by RFLP 
 
To identify the SNP in IFN- γ promoter at -179 position, amplified products from both 

controls and patients were digested with restriction endonuclease AvaII (New England 

Biolabs, Bevery, USA). PCR products were digested by AvaII at 37oC for 5h. Digested 

products were electrophoresed on 3% agarose gel to identify the SNP and specific allele.  

 

4.4.4  Sequencing of IFN- γ promoter 

 

4.4.4.1  Cloning of IFN- γ promoter in pGem T Easy Vector 

Amplified product of IFN- γ promoter flanked by BamHI (Gibco BRL, Invitrogen) sites 

was purified, polished and then ligated with pGem T easy vector (Promega, Madison, 

WI, USA) following manufacturer manual’s instruction.  

Ligated product was transformed into bacteria (DH5-α heat competent cells) and after 

growing in LB media (Sigma, St.Louis, USA), transformed bacteria were selected on LB 

agar plates with Ampicillin (50µg/ml) (coated with IPTG and X-Gal, Roche Diagnostics, 

GmbH, Germany). IPTG (20mM) and X-gal (2%) were spread on LB agar plate 30min 

before platting the bacteria. 

 

4.4.4.1.1  Screening of positive clones and Plasmid mini-preps 

IPTG and X-gal LB agar plates allowed screening blue (negative clones) and white 

(positive clones) colonies. For minipreps 5 white colonies were picked, inoculated in 5ml 
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of SB media (containing Ampicillin, 50µg/ml) and incubated at 37oC with constant 

shaking. Wizard plus miniprep DNA purification system (Promega, Madison, WI, USA) 

was used to purify minipreps following manufacturer manual’s instruction. 

4.4.4.1.2  Sequence analysis of recombinant clones (pGem T easy with different 

IFN-γ promoters)  

Recombinant clones of pGem T easy with different IFN-γ promoters of controls and 

patients were sequenced with a Big Dye Terminator Cycle Sequencing FS Ready 

Reaction Kit using the ABI PRISM 377 (PE Applied Biosystems, Foster City, CA, USA).  

 

4.4.5  Statistical analysis 

Mean age and serum ALT levels were analyzed by Student’s t-test. Chi-square test or 

Fischer’s exact test, where appropriate, was used to compare number of individuals 

infected with HCV and controls. The frequencies of genotypes were compared in 

individuals with viral clearance and in those with viral persistent infection using the chi-

square test or Fischer’s exact test with Yates correction. 
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4.5 RESULTS 

 

4.5.1  Demographic features of patients 

Controls and chronic HCV patients were of the same age group (33-55years) and 

negative for anti-HBV antibody. Among chronic HCV patients 67% were sustained 

responders whereas 37% were non-responders. A serum ALT level of SR patients was 

57-205 IU/ml and NR patients were 78-166 IU/ml. Mean serum ALT of control subjects 

was 29.9 + 17.5 IU/ml. 

 

4.5.2  Amplification of interferon gamma (IFN- γ) promoter region 

IFN- γ promoter of 470bp (from -1190 to -1664bp) was amplified from genomic DNA of 

both controls and patients were amplified, as depicted in Fig 4.5.1. 

 

RFLP analysis by AvaII digestion showed that G allele is dominant in our population 

indicated by the presence of 3 bands of 242, 159 and 60bp (Fig 4.5.2a). G allele was 

present in 77% of controls and 75% of chronic HCV infected patients. In 22% and 25% 

of controls and patients showed an extra band (≈ 25bp) indicating the presence of new 

polymorphic site (or additional AvaII restriction site) (Fig 4.5.2b). 

 

4.5.3  Disease association of polymorphic sites and therapy outcome in HCV 

patients 

The distribution of G allele at -169 position in IFN- γ promoter was equal in controls and 

patients (χ2 = 0.153 df 1; p<0.696). Fischer exact test revealed that there is no significant 

association of -169G allele and therapy outcome in chronic HCV patients (Fischer’s exact 

test value = 0.32, p< 0.568).  
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Fig 4.5.1 Amplification of Iinterferon gamma promoter region by PCR.. 
L represents 1kb DNA marker, lane 1-4 shows amplicon of 470bp fragment of interferon 
gamma promoter region, amplified from DNA of controls and patients. 

 

 

 

                                             

 
Fig 4.5.2 RFLP analysis of amplified interferon gamma promoter region 
(a)Amplicons were digested with Ava II. Lanes 1- 3 representing the presence 
of G allele in controls and patients. (b) Amplicons were digested with Ava II. 
Lanes 1-2 and 4 representing the presence of G allele, lane 3 representing the 
G allele with an additional band of 25bp. .L represens I kb DNA marker. 
 

 

 

 

Fig 4.5.3 Clones of IFN-γ promoter in pGemT Easy vector. Minipreps were 
digested with BamHI to identify the presence of IFN-γ promoter region. 
L represents 1kb DNA marker, lanes 1 and 3 represents positive clone, showing a 
fragment of IFN-γ promoter.L represens I kb DNA marker. 

 

470bp 

   1      2      3      4      L 

 a)   1       2       3       L  b)   1     2      3      4 

 1     2      3        4      L pGemTEasy 
vector 

IFN-γ promoter 
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4.5.4  Nucleotide sequence analysis 

Nucleotide sequence analysis showed the presence of AvaII sites in G allele at 169bp and 

412bp position that results in 3 bands of 242, 159 and 60bp (Fig 4.5.4) also evident from 

RFLP (Fig 4.5.2a). On the other hand, nucleotide analysis of samples showing extra band 

of ≈25bp in RFLP (Fig 4.5.2) revealed that AvaII sites are present at 23, 169 and 412bp 

position (Fig 4.5.5 and Fig 4.5.6). Moreover, nucleotide sequence analysis of samples 

with additional AvaII site showed that at 430bp A was deleted in both controls and 

chronic HCV patients (Fig 4.5.5 and Fig 4.5.6), whereas this A was deleted only in 

chronic HCV infected patients with wild type G allele. 
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(continue) 
 
Fig 4.5.4 Sequences of reference IFN-γ promoter aligned with sequences of controls 
and chronic HCV patients using CLUSTAL X; indicating the presence of G allele. 
Sequences in bold and italic indicate the AvaII restriction endonuclease. 
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Fig 4.5.4 Sequences of reference IFN-γ promoter aligned with sequences of controls 
and chronic HCV patients by using CLUSTAL X;  indicating the presence of G allele. 
Sequences in bold and italic indicate the AvaII restriction endonuclease. 
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Fig 4.5.5 Sequences of reference IFN-γ promoter aligned with sequences of controls by 
using CLUSTAL X;  indicating the presence of G allele with an additional AvaII 
restriction site. Sequences in bold and box indicate the AvaII restriction endonuclease. 
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Fig 4.5.6 Sequences of reference IFN-γ promoter aligned with sequences of 
chronic HCV patients by using CLUSTAL X;  indicating the presence of G allele 
with an additional AvaII restriction site. Sequences in bold and box indicate the 
Ava II restriction endonuclease. 
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4.6 DISCUSSION  
 
Our study shows that G allele was prevalent in both controls and chronic HCV patients. 

There was no significant difference in the frequency of genotypes (G allele) in between 

two groups. Despite that fact that we have analysed 200 samples for allele frequency and 

none of them happens to show presence of T allele which is regarded as alternate to G 

allele and frequently reported by others ( Bream, Ping et al. 2002; Chevillard, Henri et 

al. 2002, Frossard, Gupta et al. 2002). 

 

The presence of G-allele, with additional AvaII restriction sites (Fig 4.5.2, 4.5.5 and 

4.5.6) both in controls and HCV infected patients (SR and NR) makes our study 

population a unique group. This might have affected INF gamma production capacity in 

comparison to T-allele, which has been shown to produce high levels of INF gamma due 

higher binding affinity with nuclear transcription factors. Further studies are needed to 

explore the functional aspects of this additional site. 

 

We could not find any significant association between cytokine polymorphism and the 

severity of liver disease. Previous studies (Bream, Ping et al. 2002) indicated that T allele 

constructs of IFN-γ (+874 T/A) indicated that there was no association between the 

polymorphic sites and therapy outcome of HCV infection (Barrett, Collins et al. 2003). 

 

The absence of any association also suggests that these polymorphisms do not have direct 

effect on cytokine transcription or translation. This suggests that different components of 

the immune response are involved in viral clearance and in the severity/progression of 

liver disease. 

 

However, association of genetic variations at other sites within IFN-γ with regard to its 

relevance to HCV progression and persistence cannot be ruled out. Thus, other genes, 

acting alone or in concert with other genetic determinants and environmental factors, 

need to be identified to elucidate the differences in the host response to the virus. Such 
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studies should provide a better understanding of the host’s immune response to HCV and 

aid the development of better therapeutic strategies. 

 

Furthermore, the functional significance of new polymorphic site found in our population 

remains to be explored. 
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4.7 HOST IMMUNE STATUS 

HCV after infection induces robust immune responses in host, but it decoys the immune 

system by various strategies and this enables the virus to establish persistent infection. A 

better understanding of these strategies would help to understand the mechanism of 

persistence and also helpful to design new therapeutic targets. 

 

The innate immune system is the first line of defense after HCV infection meditaed via 

natural killer (NK) cells, NKT cells, cytokines, complement and induce apoptosis (Pavio 

and Lai 2003). NK cells are activated early after viral infection by type 1 IFN (α/β) and 

IL-12 and, in turn, secrete cytokines (IFN-γ and TNF-α) and chemokines (MIP) and IFN-

γ inducible protein-10 (IP-10), providing a critical 1st line of defense (Rosen 2003). 

Dendritic cells (DCs) also function as APC in viral infection (Norbury, Malide et al. 

2002). 

 

During the chronic phase, the complement and cytokine profiles vary with individual 

patients, depending on the presence or absence of IFN treatment. HCV infection also 

activates specific immune system i.e. humoral and cell medited (CD4+ and CD8+ T 

lymphocytes) system. HCV-specific T lymphocytes are detected easily during acute 

infection (Walter, Greenberg et al. 1995) whereas, in chronic infection its frequency is 

low (Brodie, Lewinsohn et al. 1999) in liver. Proliferation of CD8+ cytotoxic T 

lymphocyte (CTL), during infection, is controlled by helper T cells (Th), which are 

activated when they recognize viral antigen presented by APC, such as DC, macrophages 

or B cells. Activated Th1 cells produce IL-2 and IFN-α to accelerate the activation and 

proliferation of CTLs and NK cells. Th2 cells produce IL-4, IL-5, IL-6 and IL-10 which 

promote B cell differentiation (Nakamura and Imawari 2000) (Fig 4.7.1). 

 

4.7.1  Intrahepatic cytotoxic T lymphocyte activity 

CTL requires presentation of HCV epitopes by MHC class I molecules (Pavio and Lai 

2003). The processing and presentation of most peptides by MHC class I molecules of 

antigen-presenting cells (APC) is mediated by a proteolytic pathway involving ubiquitin 
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(Ub)-dependent proteolysis  (Michalek, Grant et al. 1993). Peptides derived ubiquinated 

proteins are then presented by MHC class I-encoded molecules. Analysis of peptides 

presented by MHC class I molecules has led to the definition of several sequence patterns 

or motifs (Kast, Brandt et al. 1994) for peptides that bound to each particular MHC allele 

or group of alleles (Sidney, Grey et al. 1996).  

 

Among the best studied motifs is that of HLA A2, the most prevalent in higher 

percentage of the population (Gulukota and DeLisi 1996). CTLs results in either direct 

lysis (via secretion of perforin and granzyme) of infected cells or Fas-mediated pathway 

(Yewdell and Hill 2002). CTLs also acts indirectly, by secreting cytokines (IFN- γ and 

TNF-α) (Yewdell and Hill 2002). The lysis of infected cells by CTLs may cause 

hepatocellular injury in an effort to limit viral replication (Nelson, Marousis et al. 1997). 

Both structural and nonstructural HCV proteins are target for CTL-mediated lysis in 

infected persons. 

 

The identification of a CTL response to HCV in infected persons with chronic hepatitis 

may have important implications for understanding disease pathogenesis. Intraheptic 

HCV-specific CTLs may represent a protective host defense; alternatively, these cells 

could contribute to HCV-infected hepatocytes as has been hypothesized for other forms 

of viral hepatitis. The identification of CTL epitopes that lie within variable regions of 

HCV may also have important implication for disease pathogenesis. Variations of CTL 

epitopes during infection have shown that selection of viral variants may determine the 

outcome of infection (Erickson, Kimura et al. 2001). CTL epitopes evolve during 

infection, confirming that there is a selective pressure against HCV quasispecies by the 

immune system, whereas, CTL escape mutants leads to chronic infection.  

 

HCV displays significant sequence heterogeneity among isolates, especially in the 

envelope and nonstructural regions (Paillard, Sterkers et al. 1990; Toyonaga, Hino et al. 

1994).  Heterogeneity has also been observed in multiple isolates obtained from single 

individual (Fukuda, Ishimura et al. 1996; Napoli, Bishop et al. 1996). There is recent 

evidence that heterogeneity in the E2 hypervariable region may be accompanied by 
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Fig 4.7.1. Components of the HCV-specific immune response. Dashed lines, regulatory 
effect; solid lines, differentiation; adapted from (Rosen 2003) 
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failure to mount an antibody response against the dominant strain (Shields, Morland et al. 

1999), suggesting that this region, and possibly other variable regions of HCV, may be 

under immunologic pressure. Even single amino acid substitutions within CTL epitopes 

have been shown to result in loss of recognition by virus-specific CTLs (Di Martino, 

Saurini et al. 1997; McHutchison, Poynard et al. 2002), it is possible that HCV sequence 

variation leads to escape from cellular immune recognition, and contributes to the 

development of persistent HCV infection (Leroy, Vigan et al. 2003). 

 

The intensity of T-cell response during the early stages of infection may be a critical 

determinant of disease resolution and control of viral replication (Lechmann, Ihlenfeldt et 

al. 1996; Missale, Bertoni et al. 1996). Several studies have shown that T-lymphocyte 

responses to HCV antigen differ qualitatively and quantitatively between individuals who 

respond to IFN therapy and those who do not (Nelson, Marousis et al. 1998). CTL 

response in HCV infection, found in PBMC and liver, is present in acute and chronically 

infected patients, but the inadequacy of this response in chronically infected patients are 

not known (Sarobe, Pendleton et al. 1998). 

 

Although intrahepatic HCV-specific CTLs are detected, they are in a very limited number 

(1% to 2%). The presence of intraheaptic CTLs was associated with lower viral load in 

patients with chronic HCV infection. This suggests that despite viral persistence, CTLs 

may play a role in limiting viral replication. In another study, the presence of an HCV-

specific CTL response from liver-infiltrating lymphocytes was associated with lower 

serum viral load (Nelson, Marousis et al. 1997). An inverse relationship has also been 

demonstrated between viral load and the peripheral blood CTL response to an HCV core 

epitope (Hiroishi, Kita et al. 1997; Chang, Gruener et al. 1999). 

 

4.7.2  Viral proteins interaction with immune system 

Several viral proteins have potential effects on signalling pathways involved in immune 

response, cell proliferation or apoptosis (Pavio and Lai 2003). 
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One viral protease, NS3/4A, specifically inhibits a key immune system molecule, 

interferon regulatory factor-3 (IRF-3) (Foy, Li et al. 2003) which orchestrates a range of 

antiviral responses. Without this master switch, antiviral responses never begin, and HCV 

can gain a foothold and persist in its host. Disruption of NS3/4A protease function by 

mutation or a ketoamide peptidomimetic inhibitor relieved this blockade and restored 

IRF-3 phosphorylation after cellular challenge with an unrelated virus (Foy, Li et al. 

2003). 

 

HCV core protein is the most potent T cell immunogen for both chronic HCV patients 

and asymptomatic anti-HCV positive subjects, followed by NS4, as shown by the relative 

proportion of responding individuals (Ferrari, Valli et al. 1994). At the peptide level, the 

core protein is very well conserved. There are significant differences in the envelope 

proteins, but the nonstructural proteins are relatively similar (Wong, Dudley et al. 1998). 

 

Viral persistence was associated with increased T-cell reactivities against core and NS5 

antigens. Also, the number of core peptides recognized by helper T cells was higher in 

sustained responders than in nonresponders or transient responders (Lohr, Schmitz et al. 

1999). According to another report, the T-cell response to HCV core protein detected 

throughout the follow-up after IFN therapy was significantly more vigorous in genotype 

2c- than in patients infected with genotype 1b (Missale, Cariani et al. 1997). 

 

HCV core protein, is known to stimulates secretion of profibrogenic cytokines by 

hepatocytes and can directly induce fibrogenic actions in HSCs  (Bataller, North et al. 

2003).  It also induces blockage of intracellular events in T-cell activation by a 

complement-dependent regulatory pathway. NS5A controls cellular proliferation and 

apoptosis, inhibition of protein kinase activity, and induction of interleukin-8 (IL-8), 

expression and these effects may inhibit the action of interferon (IFN) alfa (Rosen 2003). 

CD4+ T cell response is directed against several HCV proteins, such as core, E2, NS3, 

NS4 and NS5 (Hoffman, Diepolder et al. 1995). 
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4.7.3 Genetic heterogeneity and quasispecies 

HCV infects not only hepatocytes but also infect B and T cells, resulting in an impaired 

immune system functions. Modifications of both B and T epitope patterns during HCV 

infection have been observed and could contribute to HCV evasion from the immune 

system (Cerny and Chisari 1994); Large diversity of B epitopes, especially in HVR1 

region, results in neutralization-escape mutants (Weiner, Geysen et al. 1992). If the 

variations continue to evolve, its end up in persistent infection. 

 

Genomic viral diversity translates into different amino acid sequences and epitopes, 

resulting in different levels of recognition by the host immune system (Farci and 

Mushahwar 1992). Some epitopes are not recognized, and the corresponding variants are 

accordingly named escape mutants, circulate in free from and probably benefit from a 

replication advantage (Wyatt, Andrus et al. 1998). The other variants, more frquently 

circulate as immune complexes with antibodies bound to the external glycoproteins 

(Shimizu, Igarashi et al. 1996). 

 

In resolving infection, a strong and durable CTL response targeting multiple epitopes is 

observed, whereas, in chronic infection HCV-specific CTLs are considerably less (He, 

Rehermann et al. 1999). Variation in the CTL epitopes has also been repoted as 

successful strategy to escape from CTL recognition that leads to viral persistence 

(Erickson, Kimura et al. 2001). Some mutants also act as antagonists of TCR and inhibit 

CTL activity (Tsai, Chen et al. 1998). 

 

The present study was designed to study the involvement of host immune status 

particularly intrahepatic cytotoxic T lymphocyte activity in chronic HCV persistence. 
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4.8  HYPOTHESIS 
 

· Host factors like immune system also play a pivotal role in the progression of 

chronic hepatitis C. The levels of CD8+ cells are different in NR and SR, 

therefore, the activity of intrahepatic cytotoxic T lymphocytes will be different in 

NR and SR. 

 

 

4.9  AIMS 

 

· To analyze intrahepatic CTL activity in chronic HCV infected patients with 

different antiviral therapy outcome. 

 

· To identify the most responsive HCV epitope(s) in both sustained responders and 

non-responders. 
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4.10 MATERIALS AND METHODS 

 

4.10.1  Patients 

A selection criterion of patients was same as described in section 2.2. This study was 

approved by the ERC (Ethical Review Committee) of Aga Khan University, Pakistan. All 

patients gave written informed consent.  

 

4.10.2  Clinical Material 

 

4.10.2.1  Blood 

Peripheral blood was collected in heparinized tubes to isolate peripheral blood 

lymphocytes (PBLs). 

 

4.10.2.2  Liver biopsy 

Liver biopsy, performed as part of the clinical evaluation, was obtained by needle. 

Liver biopsies (about 2 cm in length and 1.5 mm diameter) were put in petri dishes with 

normal saline and washed vigorously with a pasteur pipette to eliminate contaminating 

blood lymphocytes.  Spared liver tissue was used for isolating intrahepatic T cells for 

HCV-specific CTL activity assay.  

 

4.10.3  Isolation of Peripheral blood lymphocytes (PBL) 

Peripheral blood collected in heparinized tubes, at the time of liver biopsy, was processed 

for mononuclear cell isolation (for making feeder cells). 

 

For isolation of peripheral blood lymphocytes (PBLs), heparinized venous blood drawn 

from patients was diluted vol/vol in phosphate-buffered saline (PBS). PBLs were isolated 

with Ficoll-Histopaque (Amersham Pharmacia) density gradient by using accuspin tubes 

(Sigma, St.Louis, USA) and washed four times in PBS. After last wash, cells were 

resuspended in RPMI 1640 supplemented with L-glutamine (2mM), 2% sodium pyruvate 

(Sigma, St.Louis, USA), penicillin (100units/ml), streptomycin (100mg/ml), and 10% 

heat-inactivated human AB serum. PBLs were counted.  



Chapter 4                                                                                                         Host Related Factors 
 

127 
 

PBLs were either frozen in 10% DMSO/90% fetal calf serum at –80oC or used 

immediately for preparation of feeder cells. PBLs were exposed to gamma radiations 

(3000 Rads) for 15min and then these autologous PBLs were used as feeder cells during 

proliferation of liver CD8+ cells.  

 

4.10.4  Intrahepatic T lymphocytes isolation and proliferation 

 Liver tissues was manually pushed through 70µm filter (Becton Dickinson, Mountain 

View, CA), washing medium was used to keep the tissue wet. For single cell suspension, 

cells were passed through different gauge (21 and 25 gauge) syringe needles. Intrahepatic 

lymphocytes were separated by using Ficoll-Histopaque gradient. Intrahepatic 

lymphocytes were collected, washed and then resuspended in running buffer (PBS 

containing 0.1% FCS and little amount of EDTA). CD8+ T lymphocytes were isolated 

from these cells.  

 

4.10.4.1  Cell preparation 

CD8+ T cells were labelled with anti-CD8 magnetic microbeads (Milteny Biotech, 

Germany), and then detached from the magnetic beads by passing through LS-column 

(Milteny Biotech, Germany) under the magnetic field. Cells (CD8+ T) collected were 

centrifuged and washed with culture medium. Finally cells were suspended at a 

concentration of 2*105 cells/50µl of working medium (RPMI-1640 medium containing 

1% penstrip, 10% sodium pyruvate, 7.5% Human type AB serum and 100U/ml 

recombinant interleukin-2). These cells were then proliferated in the presence of feeder 

cells and pool of HCV peptides. 

 

4.10.4.2  Proliferation of intrahepatic CD8+ T cells 

 Intrahepatic CD8+ T cells were incubated at a density of 2*105 cells/well in U- bottom 

96 well plates with feeder cells added in a concentration of 1*105 cells/well and pool of 

HCV peptides (1mg/ml of each peptide). After reaching confluency cells were splitted in 

working medium. After 5 days, feeder cells at the same concentration were added to each 

well. After 12 days, phytohemagglutinin (PHA; 40µg/ml) was added to each well and 

feeder cells were also added at the same concentration/well. Cells were grown till they 
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stop proliferating and they were used to analyze CD8+ cytotoxic T lymphocyte (CTL) 

activity by using Enzyme-linked immunospot (Elispot) assay. 

 

4.10.5  ELISPOT assay for intrahepatic T lymphocyte activity  

The responses of either in vivo activated HCV-specific CD8+ T cells capable of rapid 

effector function in vitro, or memory CD8 cells performing their functions, only upon 

antigen restimulation in vitro, were detected by ELISPOT assay, as described (Miyahira, 

Murata et al. 1995) with minor modifications.  

 

Ag-specific effectors were detected from CD8+ T cells by ELISPOT, as described with 

minor modifications (Miyahira, Murata et al. 1995). Briefly, 96-well nitrocellulose-

backed plates (MABTECH, Stockholm,Sweden) were precoated with 10 mg/ml capture 

mouse anti-IFN-γ . Precoated plates were washed four times with PBS (Gibco, BRL), 

blocked with working medium containing 5% human serum type AB for 1h at room 

temperature. 

 

After removing the blocking medium, CD8+ cell suspension (2*105 cells/well) in culture 

medium was added in each well. Feeder cells ( irradiated at 3000G for 30min) were 

added in each well at a concentration of 1*105 cells/well. In negative control PBS was 

added, PHA was added as a positive control and single peptide was added in individual 

well. ELISPOT plates were covered with aluminium foil and incubated at 37oC 

humidified incubator with 5% CO2 for 48h. 

 

4.10.5.1  Development of Spots 

After 48h of incubation cells were removed and plates were washed 5 times with PBS.  

Detection reagent (alkaline phosphatase conjugated detection mAB 7-B6-1; Mabtech, 

Stockholm, Sweden) in PBS containing 0.5% fetal calf serum was added and plates were 

incubated for 2h at room temperature. Unbound conjugate was removed by washing 

thoroughly with PBS, and, finally, 100µl of 5-bromo-4-chloro-3-indolylphosphate-/nitro-

blue tetrazolium substrate solution was added, and the sample was incubated for 15min. 

The color reaction was stopped by extensive washings under running water, and after 
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drying, the number of spots was scored by use of a dissection microscope. Stimulation 

with PHA was used as a positive control. 

 

Only spots showing fuzzy borders were enumerated and number of spots >15 was 

considered as positive result. 

 

4.10.6  Synthetic Peptide 

We used a panel of 24 peptide epitopes (8 to 10 amino acids) derived from core region,  

structural and nonstructural proteins of HCV to detect peptide specific CTLs in 

intrahepatic  lymphocytes. The relative positions of the peptides used are indicated in 

Figure 4.10.1. 

Synthetic peptides obtained from ThermoHybaid  (Germany) were reconstituted at 20 

mg/ml in DMSO and diluted to 1 mg/ml in Ca2
++- and Mg2

++-free PBS. 

 

4.10.7  HLA typing 

HLA typing of patient’s PBLs was performed by a conventional cytotoxicity assay, 

according to the manufacturer’s instructions (GTI Incorporated, Brookfield, WI). 
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Fig 4.10.1  Different epitopes used for analyzing intrahepatic CD8+ T 
cell activity. 
Numbers on both sides of solid line indicates the amino acid position 
in particular region 
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4.11 RESULTS 

4.11.1  Demographic features of patients 

Liver biopsy and blood samples (n=9) were collected from chronic hepatitis C infected 

patients and intended to start antiviral therapy. The mean age of all patients was 36 years; 

62% patients were male while 38% were females. Mean ALT levels of all patients was 

higher than the upper limit i.e. 87.3 IU/ml. Treatment response showed that after 

combination therapy (IFN-α and ribavirin), 8 out of 9 patients showed sustained 

virological response whereas one patient remain non-responders (table 4.11.1). 

 

4.11.2  Intrahepatic CD8+ T cell activity 

Intrahepatic CD8+ T cell activity was considered positive when the number of spots were 

>15/ 200,000 cells/ well. In this study, CD8+ T cells activity in chronic HCV patients 

was monitored against both structural and nonstructural protein epitopes of HCV. For this 

purpose proliferated CD8+ T cells which were exposed to pool of peptides were 

stimulated with individual epitopes of HCV structural and nonstructural region.  

 

4.11.2.1 Breadth of CTL response specific for structural proteins 

It was found that in SR patients, epitopes of core protein showed prominent CTL activity. 

Results showed that epitope 41-49 and 89-99 showed positive response in 6 out of 8SRs. 

Whereas, epitope 35-44 were active only in three SR patients. Core protein epitope 178-

187 showed positive activity in only one SR patient. On the other hand, NR patient 

showed that CTL specific activity only in one epitope (35-44) of core region.  In case of 

envelope protein epitopes neither SR nor NR showed any CTL specific activity (Table 

4.11.2). 
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4.11.2.2 Breadth of CTL response specific for nonstructural proteins 

In this part of study, breadth of CTL response was monitored for NS1, NS3 and NS5 

epitopes (Table 4.11.2). 

Results showed that NS3 epitopes showed an imperative CTL specific response, whereas 

single NS5 epitope was also reactive in SR patients. 

Epitopes of NS3 region showed positive response; epitope 1067-1077 showed CTL 

specific response in 4 SR patients and epitope1071-1081 was positive in 5 SR patients. 

On the other hand, NR patients showed no response in any nonstructural protein epitopes.  
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Table 4.11.1 Demographic features of patients 

Parameters  

Age (years) 36.25 + 3.5 

Sex 62% males 

38% females 

Genotype 3a 

Serum ALT 

levels (IU/ml) 

87.3 + 7.5 

Treatment 

response 

NR= 1 patient 

SR= 8 patients 
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Table 4.11.2 Intrahepatic CD8+ T cells response in individual patients 

Region P1 P2 P3 P4 P5 P6 P7 P8 P9 
Core  35-44 - + + + - - - - + 
          41-49 +  - + - + + + + - 
          89-99 + - + - + + - + - 
         132-140 - - - - - - + - - 
         156-165 - - - - - - - - - 
         177-185 - - - - - - - - - 
         178-187 + - - - - - - - - 
E1     220-230 - - - - - - - - - 
          234-242 - - - - - - - - - 
          257-266 - - - - - - - - - 
          285-293 - - - - - - - - - 
          363-371 - - - - - - - - - 
NS1  398-407   - - - - - - - - - 
          401-411 - - - - - - - - - 
          614-622 - - - - - - - - - 
          686-694 - - - - - - - - - 
NS3   800-808 - - - - - - - - - 
         1413-1422 - - - - - -  - - 
         1067-1077 - + + - + + - - - 
         1071-1081 + + + - + - + + - 
         1088-1098 - - - - - - - - - 
         1403-1413 - - - - - - - - - 
NS5 2649-2657 - - + - + - - - - 
         2757-2766 - - - - - - - - - 
Response to 
therapy 

SR SR SR SR SR SR SR SR NR 

Liver Histology GII; 
SIII 

GII; 
SI 

GIII; 
SI 

GI; 
SI 

GII; 
SIV 

GI; 
S0 

GII; 
SI 

GI; 
S0 

GI; 
S0 

P, patient; SR, sustained responder; NR, non-responders; G, grade; S stage 
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4.12  DISCUSSION 

The present study was focused on intrahepatic CD8+CTL activity against HCV epitopes 

of both structural (core, E1 and E2) and non-structural (NS2, NS3 and NS5) proteins. 

Potential association between HCV specific CD8+ T cell response and therapy outcome 

was also analyzed. The results showed a greater CD8+T cell activity in case of sustained 

responders in comparison to non-responder. These findings are similar to recently 

published reports which also found pretreatment CD8+ cell count in the liver, but not in 

the peripheral blood, was higher in patients who respond to INF-RBV combination 

therapy than in patients who do not (Wong, Dudley et al. 2001; Freeman, Pan et al. 

2003). A recent study also suggest that the cell numbers (CD8+ T cells) of pretreatment 

intrahepatic in the portal tract is a significant and independent predictor for the 

impairment of viral replication, leading to undetectable HCV RNA levels at the end of 

treatment (Vrolijk, Kwekkeboom et al. 2003) 

 

Our results also showed that patients with sustained response to combination therapy 

showed a strong HCV specific CTL response against core protein epitopes and NS3 

epitope4s whereas non-responder patients showed response against single core epitope. 

The findings are in corroboration with the previous findings indicating that in sustained 

responders, CTL response appeared to be more profoundly directed towards, the core 

region of HCV which is important for the clearance of HCV during IFN therapy (Nelson, 

Marousis et al. 1998). 

 

This finding is also in agreement with studies providing evidence that at peptide level 

core protein is well conserved and CTL cross reactivity among widely divergent HCV 

strains does occur. All patients who recovered from chronic infection showed vigorous 

and multispecific CD4+ T cell responses to NS3 peptides (1073-1081) and also CD8+ T 

cell responses. In our study one of the responsive NS3 epitope (1071-1081) to CD8+ T 

cells had a sequence and functional similarity to the previously described epitope (1073-

1081) (Wertheimer, Miner et al. 2003). 
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It is evident that responses against multiple epitopes reduce the likelihood of escape and 

persistence through antigenic variation (Wertheimer, Miner et al. 2003). 

 

Nelson, Marousis et al. (1998) also demonstrated that the presence of HCV specific 

cytotoxic T cells in the liver was associated with biochemical response to IFN-α. CD8+ 

cells could be directly involved in the clearance of HCV from the liver during antiviral 

treatment through production of antiviral cytokines or the killing of infected hepatocytes. 

 

Peptide epitope is likely to have different binding ability due to the presence of 

hydrophobic anchor residues that may enhance or impair its binding ability (Altuvia, 

Berzofsky et al. 1994; Sarobe, Pendleton et al. 1998). A recent report from Langhans, 

Braunschwiger et al. (2001) also demonstrates that lipidation of HCV core epitopes have 

greater T cell response in vitro. However, other amino acid (alanine, glycine epitopic 

residues) appears to be responsible for recognition by TCR. It has been reported that 

changes in the amino acid position exert a negative effect in T cell response, by impairing 

MHC binding or T cell recognition, but in other cases, replacement of amino acid at 

certain positions increased the peptide immunogenicity, either due to improvement of 

MHC binding affinity or T cell recognition (Sarobe, Pendleton et al. 1998). In case of 

non-responders where a weak intrahepatic CD8+ T cell activity was observed, it is quite 

possible that epitopes generated via proteasome pathways might be different from our 

designed epitopes, however, the possibility of generation of escape/mutant epitope cannot 

be ruled out. 

 

The findings presented in this work add 4 new epitopes (core 89-99; NS3 1067, 1077, 

1071, 1081 and NS5 2649-2657) to the already existing list of antigenic epitopes (Wong, 

Dudley et al. 1998). This finding may be helpful to establish the breadth of CTL 

response. 

 

In the present study two core epitopes (41-49 and 89-99) in sustained responders have 

glycine at N-terminal that might be responsible for the processing and transport of 
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epitope to the HLA module and results in high binding affinity with HLA and 

subsequently strong interaction with TCR and MHC peptide complex as reported 

previously (Change, Gruener et al.1999). Nonreactivity of these epitopes in case of non-

responder patient might be related to sequence difference in the peptides generated by 

individual patient due to mutations. This indicates that this part of the host immune 

response is not adequate to clear HCV, or that the virus can escape immune recognition 

or modulate the host immune system.  

 

In conclusion, the present finding revealed that sustained responders among chronic HCV 

patients showed a greater intrahepatic CTL response as compared to non-responders. 

Present findings also identified new antigenic epitopes in patients infected with HCV 

genotype 3a, in addition to the previously existing epitopes. These antigenic epitopes 

could be used in peptide-based or DNA-based vaccine trails. However, for further 

confirmation a large sample size is needed. 

 

Furthermore, CTL escape variants seem to emerge in non-responder chronic HCV 

infection (Change, Rehermann et al. 1997; change, Gruener et al. 1999), which warrants 

use of multiple epitopes to maximize the CTL response.    
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5.0 CONCLUSION 

 

Hepatitis C virus (HCV) is an emerging virus. The major challenge for scientists working 

in this field is to understand viral persistence mechanism and develop a successful 

vaccine. These achievements would result in tremendous improvement in the well being 

of patients infected with this virus. 

  

This whole study was started with an aspiration to unravel the mechanism of viral 

persistence. To accomplish this aim, present study was focused on virus and host related 

factors that might be responsible for viral persistence. 

 

On the basis of findings of this study we were able to conclude following points; 

 

1. Sequence variability exists in the 5’-UTR of the HCV genome, in addition, some 

unique sequences were also found in our area. Secondary structure analysis 

indicated that these changes resulted in distortions of stem loop structures and 

may subsequently affect the functionality of this region. 

 

2.  The above findings incited us to investigate the role of internal ribosome entry 

site (IRES; 5’-UTR plus 22 amino acids of core region) in viral persistence. 

A positive correlation was found between the IRES efficiency and therapy 

outcome i.e. high IRES efficiency in NRs as compared to SRs, despite the fact 

that both were infected with the same genotype i.e. type 3a  which has been 

reported as best responding to antiviral treatment. Secondary structure analysis 

showed sequence variability was high in SRs, especially in stem loop IIId of 

IRES, which is the binding site for 40S ribosome and eIFs. 

These findings suggest that sequence variability found in IRES of SRs might be 

responsible for inappropriate confirmation for binding of cellular factors resulting 

in low IRES activity and this could be the most probable reason that SRs clear 

virus more efficiently than NRs.  
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3. Host factors reveal that in our population there was no difference in the immuno-

genetic makeup especially polymorphism in the promoter region of IFN-γ of 

controls/ cases and there was no association in -179G/T allele and therapy 

outcome. However, in a previous study, a positive correlation was found between 

serum IFN- γ levels and therapy outcome of patients. This finding was 

strengthened by the present study, indicating the presence of more effective intra-

hepatic CD8+ T cell activity in SRs as compared to NRs. Moreover, the most 

reactive epitopes were of core and NS3 regions of the virus.  These findings 

suggest that effective immune system (high IFN-γ levels and effective intra-

hepatic CTL activity) may be supportive in restraining the virus. 

 

In the light of above conclusions, findings would be helpful to predetermine the 

translation efficiency of the virus and in turn treatment strategies for the NR and SR, 

furthermore adjuvant therapy could also be suggested.  

 

Translation efficiency of the HCV virus could be carried out on large population size to 

set the cutoff value for NR and SRs. In future, this might be a valuable pre-diagnostic 

assay in future which would be beneficial for clinicians to consider of more aggressive 

therapy towards those patients having an increased risk of developing viral persistence.  

Moreover, functional study of mutations found in IRES of SR would be of great help to 

identify specific sites involved in the regulation of IRES activity. 

 

Exploration of novel IRES-RNAi and novel cellular factors that have binding affinity 

with the IRES region and its impact on viral translation may be of remarkable value to 

design antiviral therapeutic agents. 

 

In future, regarding host related factors, it would be beneficial to explore additional 

epitopes of the HCV that have potential CTL response indicative of strong immune 

response. These epitopes mixture may be tried as a candidate vaccine to boost up the 

immune status of those individuals having a risk of developing persistent infection.  
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