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Abstract

Aims: To study various aspects of cellular and humoral immunity in chronic 

hepatitis C virus infection.

Background: Chapter one provides an overview of hepatitis C virus (HCV) 

infection. Chapters two to four examine the evolution of CD4+ proliferative 

responses with anti-viral therapy in peripheral blood mononuclear cells in chronic 

HCV infection. In chapter five, I describe the attempts made to extract 

lymphocytes from cirrhotic liver tissue for functional studies. Chapter six 

correlates the presence or absence of anti-E2 HCV antibodies with viraemia and 

recombinant immunoblot assay response in a group of patients infected with HCV 

in 1977. Chapter seven evaluates and summarises the findings from these studies.

Methods:

• Using recombinant HCV antigens, CD4+ T lymphocyte proliferative 

responses were examined prospectively in peripheral blood mononuclear cells 

from a cohort of patients with chronic HCV infection treated with ribavirin 

and interferon alpha.

• Attempts were made to extract and clone T lymphocytes from percutaneous 

liver biopsies and explanted liver tissue from HCV-infected patients for use in 

functional assays.

• The prevalence of antibodies to the E2 envelope protein of HCV was 

examined in a cohort of Irish women exposed to an identical innoculum of 

HCV in 1977.





Results:

• CD4+ T lymphocyte proliferative responses to recombinant HCV antigens 

failed to predict treatment response to anti-viral therapy.

• Anti-viral treatment suppressed CD4+ T lymphocyte proliferative responses 

to certain HCV antigens.. This was not seen in patients who received 

interferon alpha treatment alone, but appeared to be most profound in those 

who received both interferon alpha and ribavirin. In some patients these 

responses increased after treatment was withdrawn.

• CD4+ T lymphocytes were obtained ftrom explanted liver tissue, however it 

proved impossible to obtain enough cells for ftmctional analysis. CD4+ T 

lymphocytes were cloned from liver biopsy material; however these cells 

showed poor viability in a proliferation assay.

• Anti-E2 antibodies were universally detected in HCV-infected patients who 

were viraemic. In those patients who were RIBA indeterminate and HCV 

RNA negative, anti-E2 antibodies were nearly always absent.

Conclusions:

• Baseline CD4+ proliferative responses to HCV antigens in peripheral blood 

mononuclear cells are not predictive of treatment response.

• Anti-viral treatment of HCV infection with interferon alpha and ribavirin may 

suppress CD4+ T lymphocyte responses.

• Lack of anti-E2 antibody may help distinguish patients who have cleared 

HCV infection from those in whom active viral replication continues.
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Chapter 1

HEPATITIS C VIRUS INFECTION - GENERAL 

INTRODUCTION

For almost twenty years non-A non-B (NANB) post-transfusion hepatitis was 

recognized to be due to an aetiological agent or agents distinct from hepatitis A or 

hepatitis B virus. However it was not until 1989 that a cDNA clone, known as 

5-1-1, was isolated from an infected chimpanzee which contained a NANB- 

specific sequence. A polypeptide was then expressed capable of capturing 

antibodies from patients with chronic NANB hepatitis (Choo et al. 1989), This 

work led to the characterization of hepatitis C virus (HCV).

HCV infection causes chronic hepatitis in the majority of cases and 

cirrhosis in 20-30% of those infected. A significant proportion of patients who 

develop cirrhosis will develop primary hepatocellular carcinoma. The prevalence 

of HCV varies from country to country; however it is estimated that there may be 

as many as 200-300 million carriers world worldwide (Alter, 1995). In the USA, 

the infection accounts for up to 10,000 deaths per year and for 1000 people 

undergoing liver transplantation. Therefore HCV infection constitutes a major 

cause of chronic liver disease (Terrault and Wright 1995).

1.1 VIROLOGICAL DESCRIPTION

HCV is a positive-stranded RNA molecule of about 9500 nucleotides. The virus 

has been classified as a member of the flaviviridae family (He et al. 1987) and 

bears some resemblance to the pestiviridae. However HCV is classified within its 

own genus.
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Attempts to develop reliable in vitro systems for long-term viral culture 

have been thwarted by technical difficulties. However, there are reports of in vitro 

HCV replication in hepatic tissue (Ito et al. 1996) or peripheral blood 

mononuclear cells (PBMC) (Zignego et al. 1992; Willems et al. 1994) as well as 

from human T and B cell lines (Shimizu et al. 1992; Bertolini et al. 1993).

In some studies there appears to be selection from the viral quasispecies of 

HCV of a single genomic sequence, which may demonstrate natural adaptation of 

HCV for growth in vitro in a cell-line (Mizutani et al. 1996; Nakajima et al. 

1996; Sugiyama et al. 1997). Some of these infection systems are now able to 

sustain long-term viral replication. Nakajima has described replication of HCV in 

Daudi cells for up to a year post-infection (Nakajima et al. 1996).

Recently stable full-length RNA transcripts of HCV prepared from 

molecular clones have been shown to be infectious in vitro and in vivo in 

chimpanzees. This important breakthrough will provide the opportunity to study 

the effect of site-specific mutagenesis in these cDNA clones on hepatic damage 

and sensitivity to novel anti-viral agents (Kolykhalov et al. 1997; Yanagi et al. 

1997; Dash et al. 1997).

Cell-culture systems have also led to the detection of intracellular HCV 

particles by electron microscopy (Shimizu et al. 1996). Using very low density 

lipoprotein (VLDL)- associated virus, viral particles of 60-70nm have been 

observed bearing spikes on their surface (Kaito et al. 1994; Prince et al. 1996). 

Such work provides a tantalizing glimpse of the otherwise elusive hepatitis C 

virus.

Molecular analysis of the HCV genome has indicated that the virus 

contains a single open reading frame which encodes for a polypeptide of
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approximately 3000 aminoacids. This is flanked by untranslated regions at both 

its 5’ and 3’ ends. The genomic organization of HCV is illustrated schematically 

in figure 1.1.

5’UIR E l E2 P7 NS2 NS3 4ANS4B NS5A NSSB

AA 1 192 384 W  810 1027 1658 1712

Figure 1.1 Genomic organization of HCV RNA
1973 2421 3011

The long untranslated region (UTR) at the 5’ end of the genome is able to 

form extensive secondary structures (Tsukiyama-Kohara et al. 1992; Brown et al. 

1992) and is the most conserved region of the whole genome (Bukh et al. 1992). 

It is now established that there is a functional internal ribosomal entry site (1RES) 

occupying most of the HCV 5’UTR (Fukushi et al. 1994; Rijnbrand et al. 1995; 

Honda et al. 1996). Translation appears to be initiated by ribosomes at the 1RES 

and probably involves a number of complex interactions with cellular protein 

cofactors (Yen et al. 1995).

Post-translational processing of the HCV genome yields a variety of 

structural and non-structural proteins. Cellular signal peptidases, localized in the 

endoplasmic reticulum, catalyse the cleavage of the structural region (Hijikata et 

al. 1991; Grakoui et al. 1993). The first 191 amino acids of the HCV polyprotein 

have been designated the core gene or nucleocapsid. This protein is an 

unglycosylated, basic, 19-22 kDa protein which exhibits RNA-binding capacity. It 

is well conserved among different isolates and appears to be multifunctional with 

several important immunological motifs. There are several linear B-cell epitopes 

near the N-terminus (Nasoff et al. 1991), which have been as the basis for
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antibody detection in patient sera (Okamoto et al. 1992c). When expressed in 

tissue culture, the core protein is localized in the cytoplasm as well as in the 

perinuclear region (Harada et al. 1991; Selby et al. 1993). There are also reports 

of truncated core proteins translocating to the cell nucleus (Chang et al. 1994; 

Suzuki et al. 1995). This last property may be important in the pathogenesis of 

hepatocellular carcinoma although this is poorly understood at the present time.

The next two genes (El and E2) downstream of the core gene, encode the 

two putative envelope glycoproteins of HCV: gp31 and gp70, which are 

extensively glycosylated so that half of their masses are complex high-mannose- 

containing carbohydrates. During cleavage two possible precursors for E2 are 

produced, E2-NS2 and E2-p7 (Mizushima et al. 1994). Further cleavage of these 

proteins results in the formation of free E2. The function of the p7 protein is 

unknown.

The E2 gene contains a hypervariable domain of great sequence 

heterogeneity. This region designated hypervariable region 1 (HVR-1), is located 

between 384-410 of the polyprotein (aa 1-27 of E2). There is significant evidence 

to suggest that the E2 protein forms part of the viral envelope and contains linear 

B-cell epitopes which are exposed on the surface of the virion. The nucleotide 

sequence of HVR 1 varies within individual isolates as well as between 

genotypes. This variability is probably tolerated because there is very little 

secondary or tertiary structure in the E2 region (Weiner et al. 1992).

E2 contains important neutralizing antibody epitopes which are under 

strong immune selection (Houghton et al. 1994). These will be discussed later in 

this chapter.
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The non-structural proteins are known to contain amino acid sequence 

motifs encoding for enzymes involved in viral processing and replication 

including serum proteases/helicases and an RNA-dependent RNA polymerase. 

The NS2 protein is highly hydrophobic and forms part of an HCV-encoded 

protease which overlaps with the NS3 serine protease domain but appears to 

function independently (Hijikata et al. 1993). The NS2 metalloproteinase is 

essential for the cleavage of the NS2 and NS3 junction. Cleavage of NS2 from 

E2 appears to be mediated by a cellular signal peptidase (Dubuisson et al. 1994), 

however, the true significance of NS2 encoded proteins in processing and particle 

assembly remains to be established.

The region coding for the NS3 protein has been extensively studied. It 

appears to be a protein of 70 kDa in size and has several different functions. The 

protease domain of NS3 resides in the amino-terminal one-third of the NS3 

molecule and is of particular interest as it may become the target for new anti

viral compounds. The NS3 protease is responsible for processing the remaining 

dovmstream regions of the HCV polyprotein (Grakoui et al. 1993). Analysis of 

the remainder of the NS3 protein has revealed other motifs characteristic of 

NTPase and RNA helicase functions (Suzich et al. 1993; Kim et al. 1995). The 

latter enzyme is responsible for unwinding the RNA genome during replication.

Aside from the enzymatic functions of this region, there have been a 

number of reports suggesting that NS3 may be important in pathogenesis. 

Expression of the NS3 protein has been associated with tumour development in 

mice (Sakamuro et al. 1995), possibly via interaction with the catalytic subunit of 

protein kinase A (Borowski et al. 1996).
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The NS4 region encodes two viral proteins designated NS4A and NS4B. 

The function of NS4B is as yet unknown. NS4A appears to have a number of 

functions including anchorage of replication complexes as well as acting as a 

cofactor in NS3 protease activity (Bartenschlager et al. 1995).

The NS5 region is also composed of two major proteins, NS5A and 

NS5B. These proteins are probably involved in the cellular replication cycle and 

may encode novel serine kinases (Hwang et al. 1997). Interestingly mutations in 

NS5A appear to be associated with sensitivity to interferon therapy (Enomoto et 

al. 1996). The mechanism of this phenomenon is yet to be defined and may 

involve mutations at alternative sites, however it has been proposed that the 

interaction of NS5A with an interferon-induced protein kinase, a mediator of 

interferon resistance may be important (Gale et al. 1997).

Finally, the 3’UTR appears to be comprised of three parts. As well as the 

conventional 3’ end, there is also a poly(U) tract and a highly conserved 98 base 

sequence called the 3’X tail (Tanaka et al. 1996; Kolykhalov et al. 1996; 

Yamada et al. 1996). The 3’X tail can form stable stem-loops and may play an 

important role in viral replication. In addition, this newly described region may 

provide a suitable target for novel anti-viral therapy for HCV infection.

1.2 HCV GENOTYPES

HCV is believed to replicate through a RNA-dependent RNA polymerase 

(possibly encoded by NS5B). This enzyme lacks proof-reading ability and hence 

poor fidelity leading to marked genetic heterogeneity amongst viral isolates. The 

spontaneous nucleotide substitution rate of HCV is high, with an estimated 

frequency of around 10'^- 10’̂  substitutions/nucleotide site/year (Ogata et al.
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1991; Okamoto et al. 1992a). The HCV genome shows approximately 70% 

homology for all the known isolates overall, a level of variability similar to other 

flaviviruses (Chambers et al. 1990).

Despite the observation that HCV represents a heterogeneous family of 

viruses, the classification of HCV into different groups has been made 

problematic by the lack of animal model or cell culture system in which to study 

this virus. Thus classification of HCV has been based on the homology of the 

nucleotide sequences of different isolates and confirmed by phylogenetic tree 

analyses. As a consequence of this approach, nucleotide divergence is defined as 

being <15% overall within each genotype, and >25-30% overall between distinct 

genotypes (Okamoto et al. 1992b; Simmonds, 1995). Initially HCV was 

classified using a number of different nomenclature systems using different 

criteria. To standardize the genotypic classification a system using Arabic 

numbers was proposed in 1994 (Simmonds et al. 1994a). This classification has 

subsequently been widely accepted. Phylogenetic analysis of NS5 and El 

nucleotide sequences from serum samples worldwide indicate that there are at 

least six major HCV genotypes (Simmonds et al. 1993; Simmonds et al. 1994b). 

The six major types are further divided into a number of subtypes and novel 

genomic sequences are being reported with great frequency especially from the far 

East and Africa (Hadiwandowo et al. 1994; Tokita et al. 1995). From the 

existing data, genotype 1 is the major genotype worldwide, accounting for 

between 40-80% of all HCV infections.

Sequence analyses indicate that particular genotypes occur in certain 

geographical regions. Blood donors from western Europe and Australia are 

primarily infected with genotypes 1,2 and 3 (McOmish et al. 1994). Type 4,
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comprising many different subtypes, is found in the Middle East and Africa, while 

type 5 has been found in patients in South Africa. Blood donors from the far East 

are found to have a wide range of genotypes, predominantly 1,2 or 3. Type 6 is 

found in Hong Kong. The classification and diagnosis of types 7-9, reported in 

Thailand and Vietnam, is controversial.

Modem parenteral modes of transmission, especially transfusion of 

multi-donor products, make it difficult to trace the evolution of the HCV 

genotypes. Moreover as international travel increases, it is possible that the 

difference in prevalence of various genotypes in different geographic areas may 

decrease.

Current serological screening assays employ a variety of antigens derived 

from both stmctural and non-structural vims proteins and have significantly 

decreased post-transfusion HCV infection (van der Poel, 1994a). However, the 

antigens employed in such assays are usually derived from type la  or lb vims and 

therefore these assays may be less efficient in detecting individuals infected with 

other unidentified HCV genotypes.

For example the second generation recombinant immunoblotting assay 

(RIBA-2) which consists of a strip coated with four different HCV polypeptides 

(c33c, c22-3, c l00-3 and 5-1-1), shows minimal seroreactivity to the 5-1-1 

polypeptide in non-type 1 HCV infection (Zein et al. 1995). The third generation 

RIBA assay (RIBA-3) replaced the 5-1-1 peptide with a NS5 peptide to overcome 

this problem, however the resulting assay is somewhat less specific than it’s 

predecessor (Chicheportiche et al. 1993; Zanellaetal. 1995).

Likewise, the first version of the branched chain DNA assay (bDNA) for 

HCV underestimates the HCV RNA level in patients with type 2 and 3 infection
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(between two and three-fold) and correction factors have been introduced to help 

assess these patients levels of viraemia more accurately (Lau et al. 1995). The 

second version of this assay has been modified by designing a set of molecular 

probes which will hybridize to various genotypes with equal efficacy. It is hoped 

that this approach will allow viraemia to be quantified across genotypes without 

the need for correction factors.

Until the discrepancies between diagnostic assays were discovered it 

appeared that genotype 2 and 3 HCV infections were associated with lower levels 

of viraemia. When the data was corrected appropriately, the difference was in 

fact negligible and it now appears that genotypes 1,2 and 3 are associated with 

similar levels of serum HCV RNA (Smith et al. 1996).

No definite correlation between HCV genotype and disease progression 

has been identified. Some studies have claimed that type lb  is associated with 

more severe liver disease however this phenomenon may be related to the 

increased prevalence of type lb disease when compared to other genotypes 

(Nousbaum et al. 1995; Feray et al. 1995). More studies are required in this area 

to clarify these observations.

HCV genotype has also been associated with treatment response. Patients 

with genotypes la  and lb respond poorly to treatment compared with genotypes 2 

and 3. A sustained response to interferon treatment may be seen in only 18% of 

cases infected with genotype 1 as compared to 55% of cases infected with other 

genotypes (Davis and Lau, 1997).

Finally it must be appreciated that within a single individual infected with 

HCV there will be a population of closely related genomes known as a 

quasispecies. Usually a single dominant sequence is present that will change with
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time and other external pressures such as interferon therapy. The infected host can 

also exert immune pressure upon HCV resulting in the expansion of the 

quasispecies with which an individual is infected over time (Farci et al. 1996). 

This quasispecies nature of HCV is emerging as a possible important predictor of 

the natural history of infection.

1.3 EPIDEMIOLOGY

Population studies indicate that the prevalence of HCV in blood donors varies 

considerably in different countries. This is related in part to whether recruitment 

to donor programmes is on a voluntary or remunerated basis. In most Northern 

European countries the prevalence of HCV in blood donors ranges from 

0.01-0.05%. Prevalence rates in Asia, Southern Europe and Southern part of the 

USA range between 0.5-1.5% (Alter, 1994; van der Poel, 1994b). Higher 

prevalence rates are also seen in the middle East with reports of up to 20% of 

Cairo blood donors testing positive on a second generation recombinant 

immunoblot assay (RIBA-2) (Bassily et al. 1995).

It is estimated that HCV accounted for up to 90% of post-transfusion 

NANB hepatitis prior to 1989. The number of transfusion-associated acute HCV 

infections declined significantly after 1985 following the introduction of surrogate 

markers to test blood donors (serum alanine aminotransferase (ALT) and hepatitis 

B serology). Further reductions in post-transfusion hepatitis were then seen after 

the introduction of HCV antibody testing (Alter et al. 1990; Esteban et al. 

1990). The current risk of transfusion-associated HCV infection is estimated at 

0.01 %-0.001 % per unit transfused (Schreiber et al. 1996).
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Almost 100% of haemophiliacs who received clotting factor products 

prior to the introduction of heat treatment or viral inactivation in 1985 became 

anti-HCV positive by second generation testing (Watson et al. 1992; Laurian et 

al. 1992). Anti-HCV is also more common in immunosuppressed renal, liver and 

bone-marrow transplant recipients who receive frequent blood transfusions (Baur 

et al. 1991; Poterucha et al. 1991; Locasciulli et al. 1991; Fujii et al. 1994).

Other patient groups at risk include those receiving haemodialysis. The 

prevalence of HCV infection in these patients is estimated to be 10-20% (Oguchi 

et al. 1990). The prevalence of HCV infection in this group appears to be related 

to the total time on dialysis rather than the number of blood transfusions received, 

suggesting an increased risk for nosocomial spread in this setting (Alter, 1997). 

Nosocomial spread is also possible if disinfection techniques are deficient or 

contaminated equipment is used (Bronowicki et al. 1997).

Many anti-HCV positive patients have evidence of previous intravenous 

drug abuse. Although there has been a dramatic decline in the number of acute 

cases of HCV infection in this group, almost 50% of all cases of acute HCV 

infection can be related to injecting recreational drugs (Alter, 1997). In a study 

from the USA, only a quarter of the anti-HCV positive patients had had previous 

blood transfusions, two-thirds had used intranasal cocaine, just under half had 

used intravenous drugs, and half reported sexual promiscuity (Conry-Cantilena et 

al. 1996).

The prevalence of HCV amongst health care workers is above that of the 

general population (1-2%) and although the risk is low, needlestick transmission 

may occur (3-10% of injuries) (Hernandez et al. 1992; Zuckerman et al. 1994; 

Libanore et al. 1992). There has been one case report describing the transmission
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of HCV from a blood splash to the conjunctiva (Sartori et al. 1993). Transmission 

of HCV from health care workers to patients appears to be uncommon but has 

been described in a cardiovascular surgeon from Spain (Esteban et al. 1995). 

There are currently no restrictions applied to anti-HCV positive health workers 

because the risk to patients appears low and markers of infectivity are difficult to 

define.

Although sexual transmission of HCV has been suggested, it has proved 

very difficult to exclude non-sexual routes of viral infection as a cause for the 

higher prevalence rates of anti-HCV positivity observed in spouses. Early studies 

suggested intra-spousal prevalence rates of between 0-11%, however these often 

failed to exclude other confounding factors such as previous intravenous drug 

abuse (Alter et al. 1989; Bresters et al. 1993).

Other studies which have examined the genotype and sequence 

homology of HCV taken from sexual partners have indicated a prevalence of up 

to 8.8% (Chayama et al. 1995; Thomas et al. 1995). Such data strongly suggests 

the occurrence of intraspousal transmission albeit at a lower rate than in either 

human immunodeficiency virus (HIV) or hepatitis B virus (HBV). It should be 

noted that co-exposure to identical genotypes of HCV of both spouses may still 

occur through non-sexual routes.

Maternal - to - infant transmission appears to be more common in mothers 

with higher levels of HCV RNA and HIV co-infection (prevalence of 20-40%), 

(Resti et al. 1995; Zanetti et al. 1995; Zuccotti et al. 1995) but appears to be 

relatively infrequent with an estimated incidence of <5% in HCV RNA and HIV- 

negative mothers. Breast feeding does not seem to be a risk factor for 

transmission (Lin et al. 1995).
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1.4 NATURAL HISTORY

HCV infection has a complex natural history and the ultimate, long term 

prognosis for patients with chronic hepatitis is difficult to predict. Acute hepatitis 

C is frequently asymptomatic and consequently not recognized in up to 80% of 

cases. However, prospective studies of transfusion-associated NANB hepatitis 

indicate that cirrhosis and hepatoma may develop often many years after acute 

infection with HCV (Tremolada et al. 1992).

Chronic hepatitis often goes undetected and may be discovered 

incidentally by routine biochemical or serological testing. Many of these patients 

will have normal or near normal serum aminotransferase concentrations. Such 

patients may however have an active hepatitis when assessed histologically 

(Poynard et al. 1997).

Although chronic HCV infection appears to run an indolent course over 

the first ten to fifteen years, there are a number of studies that suggest that 

progressive liver damage, scarring and tumour development may be the eventual 

outcome in a proportion of these patients. While there appear to be geographical 

variations, it would appear that up to 30-40% of patients who present with 

chronic HCV infection will develop cirrhosis, while up to 15-20% may develop 

hepatocellular carcinoma (Takahashi et al. 1993; Tong et al. 1995). Several other 

studies have shown that in patients with intact immune systems, between 20-39% 

develop cirrhosis (Koretz et al. 1980; Sanchez-Tapias et al. 1990; Alter et al. 

1992; Kiyosawa et al. 1994). The problem with all these studies is that they may 

over-estimate the disease burden in a small proportion of the total number of 

individuals infected with HCV. While HCV undoubtedly causes severe liver
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disease in some, it is not yet clear what proportion of all patients infected will 

eventually develop serious sequelae.

There are a number of important patient cohorts who have well 

documented exposures to HCV-contaminated blood derived products. Several 

hundred Irish women who received HCV contaminated anti-D immunoglobulin in 

1977 appear to have only mild disease when assessed 17 years after exposure. The 

study of this cohort is still ongoing and the number of women who develop more 

severe liver disease over the next decade will be keenly awaited (Power et al. 

1995).

In a study of over 500 individuals who were infected with HCV after 

blood transftision for open-heart surgery, there was no increase in mortality 18 

years after HCV infection compared to two groups of non-infected transfused 

controls (Seeff et al. 1992). The patients concerned were primarily elderly 

individuals and the results from this study may not therefore be extrapolated to 

subjects who acquire HCV at a young age in the absence of other disease.

The existing dilemma as to why some patients with HCV infection, even 

those with cirrhosis, do very well over many years, while others have a more 

aggressive form of the disease remains unexplained. The role of viral factors 

(such as viral dose received at the time of innoculation and genotype) in the 

progression of liver disease remain controversial. Part of the pathogenic potential 

of HCV results from its ability to mutate rapidly under immune pressure and to 

exist simultaneously as a number of related but immunologically distinct variants 

or quasispecies. Some authors have suggested a relationship between the extent of 

this viral diversity and the development of more severe liver disease (Honda et al.

1994).
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Host factors associated with an increased rate of hepatic fibrosis include 

age at infection of greater than 40 years, daily alcohol consumption of 50g or 

more and male sex (Poynard et al. 1997). The contribution of other viral 

infections is also being determined. It would seem that the addition of HBV to 

chronic HCV infection may increase hepatic fibrosis and even the development of 

hepatocellular carcinoma. Conversely HCV appears to reduce the replication of 

HBV although the mechanism of this observation is not yet understood (Fong et 

al. 1991; Benvegnu et al. 1994).

Recently, it has been suggested that patients with chronic HCV infection 

are at increased risk of developing fulminant hepatic failure when infected with 

acute hepatitis A virus (HAV) (Vento et al. 1998). Universal vaccination of all 

HCV-infected individuals with HAV vaccine has therefore been suggested and 

should be seriously considered in this patient group (Berenguer and Wright, 

1998).

In contrast to HBV and HAV, there is little evidence to suggest that co- 

infection of HCV and hepatitis G virus (HGV or GBV-C) leads to progression of 

chronic liver disease (Alter et al. 1997).

Finally, the interaction of host immune responses and immunogenetic 

influences may also affect the rate of disease progression. This will be discussed 

in more detail in the section on cellular immunity.

1.5 CLINICAL IMPLICATIONS

Acute HCV infection is generally a mild illness and is frequently unnoticed in the 

acute phase. In the transfusion setting, where the onset is best documented, 

70-80% of cases are anicteric and asymptomatic. In an NIH series of 86
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consecutive post-transfusion hepatitis cases, only 30% had a bilirubin of greater 

than 42.5 mmol/1 (Alter et al. 1992).

Clinically acute HCV infection resembles other forms of acute viral 

hepatitis. The mean incubation period appears to range between 3-20 weeks 

(Alter et al. 1989; Barrera et al. 1995), although the time between exposure and 

the onset of viral replication as determined by serum HCV RNA may be as little 

as one to two weeks (Farci et al. 1991; Alter et al. 1995). In most patients the 

hepatitis is clinically mild with ALT levels only occasionally exceeding 600IU/1. 

Resolution of the acute illness is seen within three months, but permanent 

clearance of HCV from serum occurs in only 10-20% of cases. Cases of fulminant 

HCV infection have been reported, but fortunately these appear to be rare 

(Yoshiba et al. 1994).

Between 62-75% of patients infected with HCV will develop biochemical 

evidence of chronic hepatitis (Alter et al. 1992; Di Bisceglie et al. 1991). The 

development of escape mutants particularly within the hypervariable region of the 

E2/NS1 domain probably underpins the observation of persistent infection in the 

majority of patients innoculated with HCV (Weiner et al. 1991; Weiner et al. 

1992). Indeed the observed fluctuations in biochemical activity which occur in 

many patients may be explained by this phenomenon. Persistence of HCV may 

also be explained by weak or inefficient cellular immune responses.

Typically patients with chronic HCV infection have few symptoms. Many 

however complain of tiredness and malaise. The prevalence of chronic HCV 

infection in patients with the chronic fatigue syndrome is not increased (Dale et 

al. 1991), but other workers have shown a significant reduction in quality-of-life
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scores in non-cirrhotic patients which is independent of the degree of hepatic 

inflammation or of the mode of acquisition of the infection (Foster et al. 1998).

In any population of patients with chronic HCV infection a significant 

number will have repeatedly normal serum ALT levels. Some of these patients 

will be viraemic however, and many will have evidence of histological damage on 

liver biopsy (Alberti et al. 1992; Prieto et al. 1995; Silini et al. 1995). Significant 

fibrosis or cirrhosis in these patients appears to be rare, and the majority have 

mild chronic hepatitis. The rate of progression to more severe forms of disease in 

this group remains to be determined.

Chronic HCV has a long natural history, and it is now well established 

that there is a long interval between exposure to HCV and clinical presentation of 

chronic liver disease. In a study by Kiyosawa et al, the first clinical presentation 

of chronic hepatitis occurred after 13.6 years; clinically evident sequelae of 

cirrhosis occurred after 17.8 years and clinical evidence of hepatocellular 

carcinoma developed after 23.4 years (Kiyosawa et al. 1994). Acceleration of this 

process may occur in situations in which patients are immunocompromised, for 

example after liver transplantation and in those with defects of the humoral 

immune system. In these patients cirrhosis may develop in under five years (Bjoro 

et al. 1994; Gane et al. 1996).

Although the link between HCV infection and the subsequent 

development of hepatocellular carcinoma is well established, a number of 

assumptions have been employed when predicting the number of patients with 

chronic HCV who will eventually develop tumour. Nevertheless it would appear 

that up to 7% of patients will develop hepatocellular carcinoma per year 

(Nishiguchi et al. 1995; Mazzella et al. 1996; Fattovich et al. 1997). The
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pathogenesis underlying the development of this severe complication is currently 

poorly understood.

For those patients with early hepatocellular carcinoma and for others who 

develop symptoms of end-stage liver disease, hepatic transplantation may be life 

saving. HCV infection accounts for between 20-30% of all hepatic transplants 

performed worldwide. Graft re-infection is universal, however the rate of 

progression of disease is usually slow and survival is comparable to that seen in 

patients transplanted for other chronic liver diseases (65-70% survival at 5 years) 

(Detreetal. 1996; Gane et al. 1996).

Chronic HCV infection may be associated with a wide range of non- 

hepatic manifestations including glomerulonephritis with and without 

cryoglobulinaemia (Johnson et al. 1993), and porphyria cutanea tarda (Herrero et 

al. 1993). Essential mixed cryoglobulinaemia is a syndrome characterized by 

arthralgias and vasculitic skin rashes. Cryoglobulins are detectable in up to a 

third of patients with chronic HCV, but only a few (1-2%) develop essential 

mixed cryoglobulinaemia. Interferon therapy may be beneficial for those patients 

with renal disease and symptomatic cryoglobulinaemia (Agnello et al. 1992; 

Lunel and Musset, 1996).

Other clinical associations include autoimmune diseases such as 

thyroiditis and lichen planus. The presence of such disorders need to be carefully 

ascertained as they can be exacerbated during interferon therapy (Jubert et al. 

1994; Pawlotsky et al. 1995).
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1.6 HOST IMMUNE RESPONSES

The ability to cause persistent infection is an extremely important aspect of HCV 

infection. It would appear that the virus is able to evade the host’s humoral and 

cellular immune response thus avoiding viral clearance. Persistent non-cytopathic 

infection of PBMC has been demonstrated in patients chronically infected with 

HCV (Wang et al. 1992; Bouffard et al. 1992; Muller et al. 1993). Non- 

cytopathic infection of hepatocytes by HCV has also been demonstrated by in situ 

hybridization (Lamas et al. 1992).

At the current time there are a number of questions concerning the 

immunobiology of HCV. Firstly, can neutralizing antibodies to HCV be produced 

by the host ? For this is a prerequisite for the development of a protective 

vaccine. Secondly, does the host’s cellular immune response play a role in 

limiting hepatocellular damage ? Conversely does immune mediated damage 

predominate as in HBV infection ? Thirdly, what is the mechanism of action of 

anti-viral agents such as interferon alpha and ribavirin, which have been shown to 

be effective in a proportion of patients with HCV. Understanding how these 

agents impinge on the host immune response will help in the future design of 

other, more effective therapeutic agents.

1.7 HUMORAL IMMUNITY

Nearly all patients with chronic HCV hepatitis have detectable levels of serum 

antibodies to envelope glycoproteins, as well as to other structural and non- 

structural proteins. However there is little correlation between the specificity of 

antibody response and the persistence of infection (Chien et al. 1993). In humans 

and in the chimpanzee model, natural infection usually fails to induce a state of
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protective immunity, as measured by resistance to either homologous or 

heterologous viral challenge (Farci et al. 1992).

Despite evidence to suggest that protective immunity is difficult to attain, 

efforts have been focused on the development of a vaccine to HCV by the 

induction of neutralizing antibodies. Neutralizing antibodies are often directed 

against viral envelope proteins and may prevent infection by a number of means. 

They may block attachment and penetration of cells by virions and are therefore 

generally most effective against cell-free vims. As it has been difficult to establish 

an in vitro HCV culture system, evaluation of neutralizing antibody responses 

has been limited.

Certain areas within the E2 protein appear to be well conserved in 

individuals infected with HCV. Antibodies to the second envelope region (anti- 

E2) of hepatitis C vims have been purified and used to develop an enzyme 

immunoassay (Lesniewski et al. 1995). Anti-E2 has been found in over 95% of 

HCV RNA positive patients and appears to correlate with HCV replication (Yuki 

et al. 1996). This particular antibody does not appear to have neutralizing activity 

but may be useful as a sensitive serological marker of HCV infection.

Strain-specific neutralizing antibodies to the E2/NS1 proteins seem to be 

induced in response to epitopes within the N-terminus of the E2/NS1 

hypervariable regions (Weiner et al. 1992; Kato et al. 1993). However such 

antibodies may be involved in precipitating genetic drift (minor antigenic 

variation) due to the selective pressure of the immune system. Thus neutralization 

of viral escape mutants is avoided and persistent disease results. In the presence 

of such a genetically variable vims the development of an effective vaccination 

strategy for HCV as for HIV becomes very difficult.
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Vaccination of chimpanzees using recombinant envelope proteins (El and 

E2) produced in a vaccinia virus system has been attempted (Choo et al. 1994). 

Seven chimpanzees were immunized with these recombinant proteins, with 

several dosing schedules. All of the chimpanzees developed E1/E2 antibodies, but 

on challenge with homologous HCV-1 strain only five animals were resistant to 

infection. It remains uncertain whether these antibodies are neutralizing, as they 

appeared to co-exist with HCV viraemia. The challenge dose of HCV was 

relatively low (only 10 chimpanzee infectious doses), and was administered at the 

time of the expected peak levels of antibody. Most importantly the chimpanzees 

were not challenged with a heterologous strain of HCV.

Neutralizing antibodies have been detected in an in vitro system which 

uses immortalized T cell lines for the replication of HCV. Using this system it 

has been shown that HCV antibodies can block the initiation of HCV replication 

in susceptible cells. It would seem likely that host immune pressure will select 

over time those variants of HCV resistant to neutralization by existing antibodies. 

Thus any effective HCV vaccine will need to induce immune responses against 

multiple strains of the virus (Shimizu et al. 1994).

The finding of high levels of HCV RNA in immunosuppressed renal 

transplant patients (Lau et al. 1993) and the fact that hypogammaglobulinaemic 

patients demonstrate aggressive forms of HCV related liver disease suggest that 

the host’s humoral immune system exerts some control over viral replication and 

may be important in disease progression (Bjoro et al. 1994).

There is limited evidence that prevention of HCV infection in 

chimpanzees by simultaneous administration of hyperimmune serum against the 

hypervariable region is possible (Farci et al. 1996). However, more recently the
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efficacy of post-exposure prophylaxis with anti-HCV-negative intravenous 

immune globulin (IGIV) or hepatitis C immune globulin (HCIG) has been studied 

in three chimpanzees. Unfortunately IVIG or HCIG had no effect on the 

development of HCV infection although HCIG treatment markedly prolonged the 

incubation period of acute hepatitis C infection (Krawczynski et al. 1996). It 

remains to be established whether larger doses of HCIG could further modify 

infection.

1.8 CELLULAR IMMUNITY

The demonstration of a direct cytopathic effect of HCV has been hampered by the 

lack of a reliable cell culture system. The role of cellular immune responses in 

HCV infection is therefore still in the early stages of characterization. T 

lymphocyte responses to viruses may have two opposing effects. At one end of 

the spectrum, they play an important protective role either directly through CD8+ 

cytotoxic T cells leading to viral clearance, or indirectly through CD4+ helper 

cells which assist in the production of neutralizing antibodies from B lymphocytes 

(Byrne and Oldstone, 1984). CD4+ helper cells may also be essential for priming 

of CD8+ cytotoxic T cells in response to viral antigen (Ron and Sprent, 1987).

At the other end of the spectrum, cytotoxic T lymphocytes (CTL) may also 

be responsible for hepatocellular damage which ensues from the attempt to 

achieve viral clearance (Bamaba et al. 1990; Moriyama et al. 1990).

1.9 HCV-SPECIFIC CD8+ CYTOTOXIC T LYMPHOCYTE RESPONSES

CD8+ and CD4+ T cells recognize antigens as peptide fragments bound to the 

major histocompatibilty complex (MHC) class I or II molecules on the surface of
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an antigen presenting cell (APC) (Yewdell and Bennink, 1992; Germain, 1994). 

Generally peptides derived from intracellular cytosolic processing of viral 

antigens synthesized within the infected cell are bound to HLA class I molecules 

in the endoplasmic reticulum. The HLA class I peptide binding groove 

accommodates peptides of between 8-10 aminoacids in length (Falk et al. 1991). 

Binding within the groove is dependent on the conformational design of the 

peptide together with selective interactions between the HLA molecule and 

crucial anchor residues contained within the peptide sequence (Matsumura et al. 

1992; Madden et al. 1992). Peptide binding induces a conformational change in 

the HLA class I molecule stabilizing the assembly of the class I heavy chain with 

beta-2 microglobulin. The HLA class I/peptide complex is then transported to 

the cell surface where it is presented and may be recognized by HLA class I 

restricted CTL. Additional effector cells, such as macrophages, may be recruited 

to the site of infection through the secretion of cytokines by the CTL. In this way 

infected cells containing viral particles may be eliminated by the induction of 

apoptosis.

The first description of the CD8+ cytotoxic response to HCV was 

described in 1989 (Imawari et al. 1989). A peripheral blood T cell line was 

produced that recognized a NANB hepatitis-related antigen expressed on 

hepatocytes. Although their in vivo role has not been defined, intrahepatic 

lymphocytes which show cytotoxic activity have been found in patients with HCV 

infection (Koziel et al. 1992; Koziel et al. 1993).

It has proved more difficult to demonstrate effective CTL responses in 

PBMC from such patients. HLA class I restricted CTL epitopes from the core and 

envelope regions have been identified using liver derived CD8+ T cell lines.
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Cytotoxicity has been demonstrated against target cells infected with recombinant 

vaccinia viruses expressing a variety of HCV proteins. These CTL clones can also 

secrete interferon gamma and tumour necrosis factor alpha (TNF-a) as well as 

other pro-inflammatory cytokines such as granulocyte-macrophage colony- 

stimulating factor and interleukin (IL)-8 (Koziel et al. 1992; Koziel et al. 1993).

The lack of CTLs in the peripheral blood in these patients suggests that 

these lymphocytes may have been preferentially recruited to the liver, perhaps 

because they are HCV-infected and the peripheral CTL response is therefore 

limited.

Despite these difficulties, three groups have demonstrated class I restricted 

CTL responses in PBMC to a variety of HCV epitopes derived from HCV core, 

NS3, NS4 andNSS (Shirai et al. 1992; Kita et al. 1993; Cemy et al. 1995). The 

precursor frequencies are low however, 1/30,000 to 1/300,000 CD8+ T cells. 

This indicates that the CTL response may not be as vigorous in HCV as in either 

HBV or HIV where the CTL precursor frequencies are much higher.

Apoptotic bodies positive for HCV antigens have also been observed in 

liver biopsies in contact with CD8+ cells suggesting that CD8 cytotoxicity against 

HCV-infected hepatocytes does occur in vivo (Ballardini et al. 1995).

HCV-infected hepatocytes express class I antigen and intracellular 

adhesion molecules (ICAM-1) on the cell surface. The possibility of defective T 

cell recognition due to lack of membrane adhesion molecules can therefore be 

ruled out. It is possible that an excess of ICAM-1 may interfere with T cell 

activity leading to anergy but this is not well established (Ballardini et al. 1995).
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1.10 HCV-SPECIFIC CD4+ T LYMPHOCYTE RESPONSES

HLA class II restricted CD4+ T cells usually recognize peptide fragments derived 

from extracellular antigens. These are endosomally processed after endocytosis by 

specialized APC such as B cells, macrophages, monocytes, dendritic cells and 

endothelium. HLA class II molecules are synthesized in the endoplasmic 

reticulum of the APC in association with an invariant chain which is responsible 

for targeting the HLA class II molecules toward the endosomal compartment.

Dissociation of the invariant chain from the HLA class II molecule in the 

endosome is followed by binding with peptides of the appropriate length and 

conformation in the available HLA class II groove. Peptides bound in the context 

of HLA class II make conserved bonds with main chain atoms of the peptide. The 

ends of the binding site are open in contrast to the HLA class I binding site where 

there is closure of the ends of the peptide groove. As a result class II associated 

peptides have a broader range of lengths, typically 12-24 residues and may 

extend from the peptide binding site (Chicz et al. 1992; Hunt et al. 1992; Brown 

etal. 1993).

The HLA class II/ peptide complex is transported to the cell surface where 

recognition of it by the specific CD4+ cells is followed by cytokine secretion 

modulating the activity of antigen-specific B cells and to a lesser extent CD8+ T 

cells. CD4+ positive T helper (Th) cells are divided into Thl and Th2 cells 

according to their cytokine profiles (Mossmann and Coffinan, 1989; Romagnani, 

1992). Thl cells produce interferon gamma and IL-2 and are involved in delayed 

hypersensitivity responses and activation of CD8+ CTLs, while Th2 cells produce 

IL-4, IL-5 and IL-10, and are involved in regulation of antibody production from 

B cells.
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In liver biopsy specimens from patients with chronic HCV infection 40- 

80% of liver-infiltrating CD4+ T cells express activation markers, but only 1% of 

these cells show specificity for HCV (Minutello et al. 1993). This finding 

suggests that there may be antigen-independent mechanisms leading to non

specific recruitment of T cells to the liver. It is possible that certain combinations 

of cytokines, such as IL-2 (secreted from HCV-activated Thl cells), TNF-a, and 

IL-6 (secreted from activated monocytes) may help activate resting bystander 

memory T cells. Not all of these resting cells will show specificity for HCV 

proteins. Thus tissue damage may be enhanced through this amplified non

specific T cell response, especially if CD8+ cells are stimulated to become CTL 

effectors (Abrignani, 1997).

It has also been suggested that in chronic HCV-induced liver disease Thl 

(rather than Th2) cells are preferentially activated in the liver. It is postulated that 

Th2 cytokines released by PBMC partially inhibit the effect of intra-hepatic Thl 

cytokines thus attenuating tissue damage and modifying cell mediated 

cytotoxicity (Reiser et al. 1997). Direct analysis of the susceptibility of HCV to 

cytokine mediated control may soon be available via the new in vitro models of 

HCV replication.

Direct cytotoxic activity by CD4+ class II restricted T cells may also occur 

(Piazza et al. 1997). More infrequently CTLs may recognize endogenously 

processed antigen presented in the context of HLA class II (Long and Jacobson, 

1989; Chen et al. 1990).
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1.11 DESCRIPTION OF CD4+ PROLIFERATIVE RESPONSES

Sequential analysis of CD4+ responses in the early stages of HCV infection 

suggest that the vigour of the T cell response during the early stages of infection 

may be a critical determinant of disease resolution. In a study by Missale et al. 

analysis of PBMC proliferative responses to a variety of recombinant antigens 

and synthetic peptides showed that responses to all HCV antigens, except E l, 

were significantly more vigorous and more frequently detectable in patients who 

normalised transaminase levels after acute HCV infection than in those who did 

not (Missale et al. 1997).

Similarly, Diepolder et al. have suggested that patients with self-limited 

HCV infection, show enhanced CD4+ responsiveness to recombinant NS3 

protein compared to those with established chronic disease (Diepolder et al. 

1995). Their data suggests that the NS3-specific CD4+ T-cell response in acute 

HCV infection is dominated by a single, promiscuous peptide epitope (amino 

acids 1248 to 1261). This epitope was recognised by the majority (14 of 23) of 

NS3-specific CD4+ T-cell clones from four of five patients with acute HCV 

infection (Diepolder et al. 1997).

It has been suggested that susceptibility to chronic HCV infection may be 

influenced by the host’s HLA DQ alleles (specifically that HLA DQBl and HLA 

DQAl may confer protection) (Tibbs et al. 1996). An association has also been 

reported between HLA DR5 and ‘benign’ clinical HCV disease, however this 

remains to be substantiated by other groups (Peano et al. 1994).

HLA class II restricted responses to recombinant proteins derived from 

different regions of HCV have also been found in patients with chronic HCV 

infection. The majority of groups have found that the core region of HCV is the
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most immunogenic region at the T cell level (Schupper et al. 1993; Ferrari et al. 

1994; Hoffinann et al. 1995; Leroux-Roels et al. 1996). A proliferative response 

to core protein has been linked to a benign course of HCV infection (Botarelli et 

al. 1993).

CD4+ T cell proliferative responses to the antigens derived from the NS3, 

NS4 and NS5 regions have also been observed, but usually these have been 

reduced in frequency compared to the core region. One study has shown that the 

NS4 region of HCV is the most immunogenic (Botarelli et al. 1993). Differences 

in patient selection may account for the results seen in this study.

There is some evidence that enhanced CD4+ T cell proliferative responses 

to HCV may be associated with a sustained response to a course of interferon. 

Hoffmann et al studied 16 patients over a range of 6 to 49 months following 

interferon therapy. He showed that while some sustained responders maintained 

prominent immunoreactivity to the core protein of HCV, others showed less 

consistency. Having said this, all sustained responders in this study have a 

significant CD4+ immune response to at least one antigen at some point before or 

after therapy (Hoffmann et al. 1995).

In a study from Belgium, Leroux-Roels studied nine patients before, 

during and after therapy with interferon alpha. In most cases the amplitude of the 

proliferative responses to HCV proteins/peptides increased during interferon 

alpha therapy. The differences did not however reach statistical significance 

(Leroux-Roels et al. 1996). Serial samples from pre-treatment through to the 

period of treatment follow-up were not available for all of these patients.

Missale examined the effects of interferon alpha treatment on CD4+ 

proliferative responses to HCV core peptides in genotype lb and genotype 2c-
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infected patients. T cell responses were not significantly altered in the genotype 

lb  patients during interferon alpha therapy. However in those patients with 

genotype 2c HCV, interferon caused a significant enhancement of the T-cell 

response compared to baseline values. The authors hypothesized that different 

sensitivities to the immunoregulatory effect of interferon alpha may be directly 

related to the genotype of the infecting virus (Missale et al. 1997).

The exact role of CD4+ T cells in HCV infection is unknown, however, 

based upon the above data, one may speculate that the CD4+ T cell response to 

HCV antigens could provide continuous help for B Cells and CD8+ T cells. In 

support of this it has been suggested that CD4+ proliferative responses to an 

antigen from the core region of HCV enhances the generation of HCV-specific 

CTL in vitro (Kita et al. 1995). Thus, T cell help to CTLs may provide a means 

of accelerating clearance of HCV from infected hosts and inducing protective 

immunity against HCV infection.

In a study from Japan, Iwata et al measured concentrations of interferon 

gamma production in PBMC stimulated with an HCV core fusion protein. 

Concentrations of interferon gamma release were higher in PBMC from eight 

patients who were responders to a six month course of interferon alpha. Thus a 

Thl response is enhanced in this group of patients (Iwata et al. 1995). Such Thl 

activity has also recently been shown another Japanese group (Takahashi et al. 

1997). This effect may be critical in enhancing the effectiveness of HCV specific 

CTL and thus the clearance of HCV.
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1.12 THERAPEUTIC AGENTS

The mainstay of therapy for HCV infection has been interferon alpha. This was 

the first agent proven to produce both biochemical and histological improvement 

in this disease (Davis et al. 1989; Di Bisceglie et al. 1989).

Alpha interferons are natural glycoproteins produced by virally-infected 

cells. Interferons have been shown to inhibit the replication of a wide variety of 

viruses including HCV. Interferon enhances MHC class 1 expression, facilitating 

recognition of virus-infected cells by HCV specific CTL. HCV replication is 

inhibited by the intracellular activation of 2-5 oligoadenolate synthase, which 

produce oligoadenolates that activate an endogenous ribonuclease leading to 

cleavage of viral RNA. Direct stimulation of natural killer (NK) cells and CTLs 

also help to boost the anti-viral effect (Davis and Hoofhagle, 1986).

Because of its known anti-viral properties, interferon alpha was evaluated 

as a potential therapeutic agent for patients with NANB hepatitis long before 

HCV was identified (Hoofiiagle et al. 1986). Following this a number of 

randomized, placebo-controlled trials confirmed that this agent was capable of 

normalizing ALT levels, and most importantly, improving hepatic histology 

(Davis et al. 1989; Causse et al. 1991; Marcellin et al. 1991).

There have now been a large number of studies which suggest that an end- 

treatment response (ETR) (normalization of ALT) of around 50% may be 

expected after six months of therapy using 3 million units subcutaneously three 

times a week. HCV RNA levels fall dramatically and become undetectable in the 

majority of patients who subsequently normalize their ALT (Brillanti et al. 1991; 

Chayama et al. 1991). Unfortunately following treatment withdrawal relapse is 

all too common, and a sustained biochemical and virological response is
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maintained in only a minority (up to 25-30% depending on patient selection). 

Relapse is more frequent in those with cirrhosis, higher levels of HCV RNA and 

genotype 1 (Davis, 1994; Martinot-Peignoux et al. 1995; Conjeevaram et al. 

1995).

The effect of extending therapy beyond six months has been assessed in a 

number of studies. Although the ETR is not markedly increased, there are 

significant increases in the durability of the sustained response (SR) when 

treatment is continued for 12 months or longer (Poynard et al. 1995; Lin et al. 

1995).

Interferon alpha has a number of side effects and may be contraindicated 

in those with thyroid dysfunction, psychiatric disease or decompensated cirrhosis. 

Some patients find that the psychological effects of tiredness and malaise are 

overwhelming and treatment has to be withdrawn. In others bone marrow 

suppression necessitates dosage reductions which result in poor treatment 

response. These factors together with only modest sustained response rates have 

provided the impetus to examine other alternative treatments for HCV infection. 

At the current time the most promising alternative is ribavirin.

Ribavirin is a synthetic guanosine nucleotide analogue which possesses a 

broad spectrum of activity against both DNA and RNA viruses in vitro and in 

vivo. The drug interferes with the formation of the 5’ cap structure of viral 

mRNA, inhibits the viral mRNA polymerase complex, disturbs the 

phosphorylation of intracellular nucleoside triphosphate pools, and possibly 

enhances anti-viral macrophage activity.

Ribavirin is well absorbed orally and is generally well tolerated. The 

optimal dosing range appears to be between 800-1200mg daily. The drug is
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generally well tolerated although nearly all patients will develop a reversible 

haemolytic anaemia. This can become significant in some patients with pre

existing anaemia. Skin rashes and other milder side effects such as dry mouth and 

headache have also been reported.

Ribavirin monotherapy is not usually associated with sustained 

biochemical and histological improvement in HCV infection. Initial reports from 

a small pilot study in Sweden showed improvement of ALT levels in virtually all 

patients while on therapy, but little in the way of a virological response (Reichard 

et al. 1991). The results of three randomized, double blind, placebo-controlled 

studies of ribavirin monotherapy have now been reported (Di Bisceglie et al. 

1995; Dusheiko et al. 1996; Bodenheimer et al. 1997). Ribavirin was 

administered for up to 12 months in these studies. Once again although ALT 

levels improved or normalized in 30-40% of the patients, no patient achieved a 

virological ETR. In the study by Dusheiko et al. there was a statistically 

significant reduction in serum HCV RNA as measured by the bDNA assay, 

however a rebound to pre-treatment levels was observed on treatment withdrawal.

Serum ALT can remain normal if therapy is prolonged and histological 

improvement has been seen in these patients. An improvement in fatigue has also 

been noted. Thus although ribavirin does not eradicate virus from the liver or 

PBMC, it may be possible to use this drug in a selected group of patients in whom 

interferon is contraindicated. It should be noted however that results in this 

patient group are largely anecdotal.

More recently small pilot studies have indicated that combination therapy 

with both interferon and ribavirin may be more effective anti-viral therapy in 

HCV infection than either agent alone. In small pilot studies about 40% of
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patients appear to have sustained virologie responses after 24 weeks of 

combination therapy, which is a 10-15% improvement on the best responses 

achievable by interferon alpha monotherapy (Brillanti et al. 1994; Schvarcz et al.

1995).

The first randomized, double blind placebo-controlled study of 

combination therapy has recently been published. One hundred interferon naive 

patients were randomly assigned to treatment with interferon alpha-2b (3 MU 

three times a week) in combination with ribavirin (1000 or 1200 mg per day) or 

placebo for 24 weeks. These patients were then followed up for a further 24 

weeks. The primary endpoint was a sustained virological response, defined as 

absent serum HCV RNA (by PGR) at both week 24 and week 48.

After one year of follow-up the proportion of patients with a virological 

response was greater in the combination group than in the interferon group (42% 

vs. 20% respectively). Additionally patients with higher baseline HCV-RNA 

concentrations did better with combination therapy than with interferon alpha and 

placebo (12/29 vs. 1/26 sustained responders respectively) (Reichard et al. 1998).

In another randomized study, the efficacy of combination therapy for 

interferon non-responders or relapsers was assessed. Twenty-four interferon non

responders and 24 relapsers with chronic HCV infection were randomized to 

receive either combination therapy or interferon alpha alone, for six months. At 

the end of treatment and six months later, serum HCV RNA was no longer 

detectable in 13 patients in the combination therapy group compared to 7 in the 

interferon therapy group. Combination treatment thus appears more effective 

than re-treatment with interferon alone, in inducing sustained virological 

remission. The authors noted that combination treatment, however, was
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frequently associated with significant side-effects which may limit its usefulness 

(Bellobuono et al. 1997). Other large multicentre studies are currently underway 

to evaluate this therapy more extensively.

Other therapeutic options currently under evaluation include therapeutic 

phlebotomy to reduce hepatic iron stores. Several studies have shown that iron 

removal per se is associated with biochemical but not virological improvement in 

disease (Hayashi et al. 1994; Pipemo et al. 1996). In a study of patients with 

thalassaemia major and chronic HCV, the response to interferon therapy was 

inversely related to the degree of iron overload. Whether therapeutic phlebotomy 

improves response rates to interferon therapy has been examined in a number of 

small studies, with some encouraging results to date (Tsai et al. 1997).

Alternative agents currently under investigation include thymosin alpha-1, 

amantidine and ursodeoxycholic acid. Thymosin alpha-1 appears to increase the 

ETR to interferon alpha, but larger studies are needed (Sherman et al. 1996). 

Amantidine reduces serum ALT levels and improve fatigue, but again trials with 

analysis of virological responses are required (Smith, 1997). Ursodeoxycholic 

acid also appears to improve serum ALT levels, but has no anti-viral effect 

(Angelico et al. 1995). Justification for the use of any of these compounds 

therefore remains to be established.

1.13 CONCLUSIONS

In summary, HCV infection is a cause of considerable morbidity and mortality 

around the world. There has been intensive study of the molecular properties of 

this virus. Reliable in vitro cell culture systems will soon permit an accurate 

understanding of the mechanisms of viral replication. Establishment of a robust
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classification system will allow further examination of the pathobiological 

characteristics of different viral genotypes. Further extended studies of natural 

history will help determine the percentage of individuals infected with HCV who 

will develop cirrhosis and hepatocellular carcinoma.

It is apparent that protective humoral or cellular immunity to HCV does 

not occur in the majority of patients infected with HCV. As treatment of chronic 

HCV infection is still only partially effective, the development of a protective 

vaccine is highly desirable. To this end, a better understanding of the host 

immune response is therefore vital.
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Chapter 2

CD4 POSITIVE T LYMPHOCYTE PROLIFERATIVE 

RESPONSES IN A COHORT OF PATIENTS WITH CHRONIC 

HCV TREATED WITH RIBAVIRIN AND INTERFERON 

THERAPY - MATERIALS AND METHODS

2.1 INTRODUCTION

The primary objective of this study was to examine the pharmacokinetic 

interactions of interferon alpha and ribavirin in 36 patients with chronic HCV 

infection. The secondary objective was to prospectively analyse CD4+ 

proliferative responses to recombinant HCV antigens in this cohort of patients. 

This was an open label, three arm parallel group study. Patients were randomized 

to receive either interferon alone, ribavirin alone or both drugs in combination 

over an initial six week course. This treatment duration was chosen in order for 

plasma ribavirin concentrations to be at steady state, based on previously 

published data (Lertora et al. 1991). A longer duration of ribavirin montherapy 

was not considered because of ethical concerns that this drug would not be 

effective alone in producing significant reductions in HCV RNA (Di Bisceglie et 

al. 1995).

Following this initial period of treatment, the patients were then offered 

open label interferon alpha and ribavirin for a period of six months in order that 

each might have an adequate opportunity for a sustained virological response.

As part of this study blood samples were collected for immunological 

studies. CD4+ proliferative responses were sequentially analysed in vitro to
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various recombinant HCV proteins during both the initial six week treatment 

course and the longer six month period. The pattern of CD4+ proliferative 

responses was examined at defined time points before and during therapy. The 

aims were firstly to elucidate whether CD4+ proliferative responses prior to 

therapy were predictive of treatment outcome and secondly, to examine whether 

changes in CD4+ proliferative responses correlated with the anti-viral treatment 

received or the virological treatment response.

The results of the immunological study will be reported separately for the 

two treatment periods in the following two chapters. The results of the 

pharmacokinetic study will be reported elsewhere (Khakoo et al. 1998).

2.2 PATIENTS

Thirty-six patients with chronic HCV hepatitis (23 men and 13 women; age range 

19-59 years) were enrolled. The diagnosis of chronic HCV infection was based 

upon the presence of HCV-specific serum antibodies detected by a third 

generation enzyme immunoassay (ELISA-3) and by RIBA-2. In addition all 

patients were serum HCV RNA positive as determined by a sensitive quantitative 

polymerase chain reaction assay (PCR). HCV genotyping was performed using 

restriction fragment length polymorphism (Davidson et al. 1995).

Patients with other possible causes of liver damage such as concomitant 

alcohol or drug toxicity, autoimmune liver disease, other causes of viral hepatitis 

and patients with other significant medical conditions or drug abuse were 

excluded from this study.

All 36 patients had had a liver biopsy performed within two years of entry 

into the study, confirming the diagnosis of chronic HCV hepatitis. Patients with
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cirrhosis, as determined by liver biopsy, were excluded from the study. Liver 

biopsy slides were evaluated and scored using the histological activity index 

(HAI) (Knodell et al. 1981).

Once screening was complete (consisting of two visits one month apart), 

patients were randomized to receive interferon alpha (3mU subcutaneously three 

times per week) or ribavirin therapy (800 to 1200 mg orally daily) or combination 

therapy (3mU three times per week of interferon alpha plus ribavirin, 800 to 

1200mg orally daily). The dose of ribavirin given was dependent on the patient’s 

weight. Patients weighing less than 45kg received 800mg, those greater than 

45kg but less than 70kg received lOOOmg, and those weighing greater than 70kg 

were prescribed 1200mg.

Twelve patients were placed in each treatment group and therapy was 

given for an induction period of six weeks. During this time period, blood 

samples were taken for drug levels, routine haematology, routine biochemistry 

and HCV RNA estimation.

Once the six week induction period was complete, patients had a “wash

out” period when no treatment was given (range 4 to 32 weeks). The patients 

were then commenced on combination therapy for six to twelve months duration.

30 mis of heparinised blood were taken for isolation of PBMC on day one 

prior to therapy, after six weeks of therapy, during the wash-out period (where 

available) and then every three months in a selection of patients while on 

combination therapy. Blood was also taken for PBMC isolation from those 

patients who completed treatment at three monthly intervals during follow up.

For the purposes of analysis of CD4+ responses, patients were considered 

clinical responders to therapy when during the initial six weeks treatment phase a
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‘virological’ response (i.e. a quantitative reduction of HCV RNA by at least 2 

logs) was observed on at least two successive visits. Thereafter response was 

defined as normalization of serum ALT together with negative serum HCV RNA 

(by PCR) during the extended treatment phase.

The study was approved by the Ethical Committee of the Royal Free 

Hospital and written informed consent was obtained from each subject.

2.3 CONTROLS

To ensure that proliferation of PBMC to HCV antigens was specific and confined 

to patients with HCV infection, PBMC from ten healthy volunteers who tested 

negative for HCV antibodies by ELISA-3 and RIBA-2 (four men and six women, 

age range 23-34) were tested with HCV antigens.

Ten additional patients with chronic HCV infection acted as untreated 

controls. This group consisted of six men and four women (age range 25-48 

years) (table 3.3). These patients fulfilled the entry criteria for treatment as 

outlined above. Sequential samples of PBMC were taken from four of these ten 

patients for analysis.

PBMC were also available from four patients with HCV who had had a 

previous sustained response to interferon alpha therapy (three men and one 

women, age range 31-49) (table3.4).

2.4 HCV RNA DETECTION

Patients enrolled in the study had quantitative HCV RNA levels measured by 

PCR using primers directed towards the 5’ non-coding region (assay sensitivity 

100 copies/ml) (National Genetics Institute, Culver City, CA) during the

61



pharmacokinetic study. During the six month combination treatment HCV RNA 

was measured quantitatively by a branched chain DNA assay (bDNA) (assay 

sensitivity 2 x 10  ̂ genome-equivalents/ml) and qualitatively by in house PCR 

using primers directed towards the 5’ non-coding region (assay sensitiviy 200 

copies/ml) (Okamoto et al. 1990).

2.5 HCV ANTIGENS

The following fragments of HCV proteins were purchased from Microgen. Core 

(aminoacids (aa) 1-115), NS3 (aa 1007-1534), NS4 (aa 1616-1862), NS5-12 (aa 

2007-2268) and NS5-4 (aa 2622-2868). These proteins were derived from the 

genotype la  strain of HCV and were cloned and expressed in Escherichia coli (E 

coli). Purification had been performed at Microgen by ion exchange 

chromatography followed by sodium dodecyl sulphate (SDS) gel electrophoresis. 

Contamination with E coli proteins was excluded by Western blot using a 

polyclonal rabbit anti-E coli serum (DAKO B357). Bacterial lipopolysaccharide 

content as determined by the Limulus assay was in the acceptable range for cell 

culture (<50 pg. endotoxins/ml). Antigens were supplied dissolved in 0.5% SDS 

at a concentration of between 50-100pg/ml.

2.6 PERIPHERAL BLOOD MONONUCLEAR CELL ISOLATION

PBMCs were isolated from each 30ml aliquot of fresh heparinised blood on 

Ficoll-Hypaque gradients by density centrifugation as described (Boyum, 1968). 

PBMCs were washed three times in RPMI 1640 medium and were resuspended at 

approximately 2x10^ cells/ml in 90% fetal calf serum /10% dimethyl sulphoxide 

(DMSG) freezing mix. Cells were frozen at -70°C for twelve hours and were then
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transferred to liquid nitrogen where they were stored until ready for use. When 

defrosted, cells were washed three times with RPMI and cell viabilities were 

checked with trypan blue. Cell samples with viabilities <75% were discarded.

2.7 PROLIFERATION ASSAY

Defrosted PMBC were resuspended at a concentration of 5 x lO'^/well dispensed 

in lOOul of RPMI 1640 medium containing 2% L-glutamine, and 1% 

penicillin/streptomycin into 96 U-bottom plates.

Mitogens (purified phytohaemagglutinin (PHA), or anti-CD3) or recall 

antigens (HCV antigens or tetanus toxoid) were added in set concentrations (see 

below) in lOOul RPMI medium supplemented with L-glutamine, 1% 

penicillin/streptomycin and 20% human AB serum. This gave an overall 

concentration of 10% AB serum in the plates. The cell cultures were incubated at 

37°C in an atmosphere of 5% CO2 in air for three days (mitogens) or five days 

(recall antigens). ^H-thymidine luCi, was then added suspended in 20ul of RPMI 

to each well and incubated at 37°C for 16 hours. The cells were then harvested 

onto glass fibre filters using a multichannel cell harvester. The amount of 

radiolabel incorporated into DNA was estimated by liquid scintillation counting 

in an LKB-Wallac 8100 counter.

Twelve replicate wells for each antigen were used, nine for negative 

controls and three for PHA, anti-CD3 or tetanus toxoid controls. The results were 

expressed as the mean counts per minute (cpm). Standard deviations of the mean 

cpm of replicate wells were consistently below 30%. The stimulation index was 

calculated as the ratio between the cpm obtained in the presence of antigen and 

that obtained without antigen. A stimulation index >3 (the mean stimulation
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index plus two standard deviations for the ten HCV negative controls) was 

considered significant. In all HCV patients, PBMC were routinely tested with the 

buffers in which the HCV antigens were supplied.

2.8 FLOW CYTOMETRY

Two colour flow cytometric analysis was performed on selected samples to 

determine which cells transformed into blasts during the lymphoproliferation 

assays. The following monoclonal antibodies were used in various two-colour 

combinations: (a) fluorescein isothiocyanate (FITC) conjugates of antibodies to 

CD3; and (b) phycoerythrin (PE) conjugates of antibodies to CD4, CDS and 

CD 16. Mouse IgGi FITC and mouse IgGia PE were used as isotype controls.

1 X 10  ̂PBMC cultured for five days with HCV antigens were incubated 

with lOul of each monoclonal antibody at 4°C for 30 minutes. The cells were 

then washed three times with phosphate buffered saline and analysed in a flow 

cytometer using standard techniques. Blast cells were gated according to forward 

and side scatter parameters.

2.9 TITRATION OF MITOGENS AND ANTIGENS

Concentrations of PHA and anti-CD3 were titrated for use in all further assays. 

PBMC for these assays were derived from the untreated HCV-infected control 

patients. The following range of concentrations were used in 3 day proliferation 

assays: PHA, 0.1 ug -100 ug/ml and anti-CD3, 1 ug -100 ug/ml.

A titration curve of tetanus toxoid, which was the positive control recall 

antigen used in five day proliferation assays was also prepared. The following 

range of concentrations were used: 0.1 ug -100 ug/ml.
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Once optimal concentrations of mitogens and tetanus toxoid were 

obtained, proliferation techniques were checked by performing an assay 

harvesting cells exposed to PHA or tetanus toxoid after 2, 3, 5 and 7 days 

respectively.

Titrations of the five HCV antigens were then prepared using PBMC from 

anti-HCV positive control patients who were sustained responders to interferon 

alpha therapy. The following range of concentrations were used for all five HCV 

antigens: 0.1-2ug/ml.

Once an optimal antigen concentration was determined, patient samples 

were assayed in large cohorts to reduce the amount of inter-assay variability. In 

practice this meant that day 1, week 6 and washout samples for an individual 

patient were assayed together. Samples obtained during the extended six month 

treatment phase with combination therapy were however analysed in batches 

shortly after each PBMC sample was obtained.

2.10 STATISTISTICAL ANALYSIS

Univariate and multivariate analyses were performed to ascertain whether any 

clinical or virological markers were predictive of treatment response during the 

initial six week period (Fisher’s exact test and Wilcoxon rank sum). Proliferation 

assay data were analysed using the Kruskal-Wallis analysis of variance, the 

Wilcoxon rank sum test, the Wilcoxon signed ranks test and the Mann-Whitney U 

test for non-parametric data. A level of p<0.05 was considered statistically 

significant.
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Chapter 3

CD4 POSITIVE T LYMPHOCYTE PROLIFERATIVE 

RESPONSES - RESULTS OF SIX WEEK STUDY

3.1 PATIENTS

Table 3.1 displays the demographic and liver biopsy histology details of the 36 

HCV-infected patients who were studied in the pharmacokinetic study. Histology 

slides from one subject (patient 22) were not available for analysis, however a 

report from the referring hospital confirmed that there were changes consistent 

with chronic hepatitis. The initial treatment offered to each patient during the first 

six week phase of the study is documented in table 3.2. In addition the 

pretreatment ALT and HCV RNA concentrations for each patient, together with 

serial values after six weeks of therapy is tabulated (table 3.2).

32 of the 36 patients had had elevated serum ALT levels before or on 

entry to the study (>40 IU/1). Four of 36 patients had had persistently normal 

serum ALT concentrations.

Intravenous drug abuse was the route of infection in 18/36 (50%) of our 

subjects. This probably explains the apparent over-representation of genotype 3 in 

this cohort 10/30 (33%). Genotype 1 was found in 18/30 (60%) of the patients 

and genotype 2 in 2/30 (7%). Genotypic data was not available in six patients.

Twenty-one patients had a normal ALT (<40IU/1) at the end of the six 

week pharmacokinetic study (table 2.2). Of these 21 patients, six were treated 

with interferon alpha alone, six were treated with ribavirin alone, and nine 

received combination therapy. Thirteen patients had a reduction in HCV RNA by
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two orders of magnitude or more (patients 3, 4, 8, 11, 13, 16, 21, 22, 26, 27, 28, 

31 and 36). Of these 13 patients, five were treated with interferon alpha alone, and 

eight received combination therapy. One patient treated with ribavirin therapy 

alone had low levels of HCV RNA pre-treatment (500 copies/ml) (patient 25). 

This patient became HCV RNA negative (<100 copies/ml) at the end of six weeks 

therapy. Five additional patients became HCV RNA negative; one received 

interferon alpha alone and four received combination therapy (patients 13, 21, 22, 

26 and 31).

Univariate analysis indicated that genotype 3 (p=0.004) and treatment with 

combination therapy (p=0.001) were independent predictors of virological 

response after 6 weeks of therapy (Fisher’s). The relationship between virological 

response and portal inflammation or elevated pre-treatment ALT reached 

borderline significance (p=0.04 (Fisher’s) and p=0.05 (Wilcoxon) respectively). 

When all these parameters were placed in a multivariate analysis, only the 

presence of genotype 3 proved to be a significant independent marker of response 

(p=0.002) (Appendix 1, section A, B and C).

3.2 CONTROLS

Of the four untreated control patients with HCV who had sequential data available, 

three had elevated ALT concentrations and all were viraemic on the two occasions 

tested (six weeks apart) (table 3.3). The clinical characteristics of the 4 patients 

with HCV who had a previous sustained response to interferon alpha therapy are 

shown in table 3.4. In two of these patients genotypic typing had been carried out 

prior to treatment with interferon alpha therapy.
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Liver biopsy HAI
Pt Initial Gen Age Genotype Route of Piecemeal Intralobular Portal Fibrosis Total

No. infection necrosis degeneration inflam. score
1 RS M 39 la ?blood Tx 3 3 1 3 10
2 JM M 41 Ib IVDA 0 1 1 0 2
3 BF M 44 Ib IVDA 1 1 3 1 6
4 LL M 43 3 IVDA 1 1 1 1 4
5 AH M 33 1 NK 1 1 1 1 4
6 SH M 59 Ib NK 1 1 1 1 4
7 PBe M 47 Ib blood Tx 1 1 1 1 4
8 CO M 30 2 NK 0 1 3 3 7
9 PH M 44 1 ?sexual 1 1 3 3 8
10 GC M 37 Ib IVDA 0 1 1 1 3
11 MF M 33 la ?sexual 0 1 1 1 3
12 RM M 39 Ib IVDA 1 1 1 1 4
13 PBa M 35 3 IVDA 1 1 1 1 4
14 PF M 40 la NK 1 1 1 3 6
15 DK M 42 3 IVDA 1 1 1 1 4
16 DV M 48 3 IVDA 0 1 3 1 5
17 SFo M 36 NA ?tatoo 1 1 1 1 4
18 MW M 31 Ib blood Tx 1 1 1 1 4
19 JW M 40 3 IVDA 3 1 3 3 10
20 FH M 35 NA IVDA 0 0 0 0 0
21 EP M 45 NA NK 1 1 3 1 6
22 JC M 46 3 IVDA NA NA NA NA NA
23 JH M 38 Ib IVDA 0 1 1 0 2
24 SFr F 52 la blood Tx 1 1 1 1 4
25 CH F 19 NA IVDA 1 3 1 1 6
26 VJ F 32 NA IVDA 1 1 1 0 3
27 HG F 38 3 IVDA 0 1 1 1 3
28 HR F 46 3 blood Tx 0 1 1 1 3
29 LT F 42 NA ?blood Tx 1 1 1 0 3
30 DF F 31 la blood Tx 1 1 3 1 6
31 CM F 49 3 IVDA 3 3 3 3 12
32 SR F 27 la NK 1 1 1 1 4
33 CF F 49 Ib ?blood Tx 0 1 1 0 2
34 SD F 46 2 IVDA 0 1 3 1 5
35 LE F 24 la blood Tx 1 1 1 0 3
36 OT F 39 3 IVDA 1 1 3 1 6

Table 3.1 Demographic and liver biopsy histology details of 36 patients treated 
with combination therapy. Tx= transfusion, IVDA= intravenous drug abuse, 
NK=not known. NA=not available

68



Pt
no.

Day 1 ALT 
(IU/1)

Day 1 RNA 
(gen.equ/ml)

Initial
treatment

6/52 ALT 
(IU/1)

6/52 RNA 
(gen.equ/ml)

1 62 4.9 X 10" R + I 62 3.2x10"
2 41 4.1 X 10" R 47 4.1 X  10"
3 44 1.4 X 10̂ I 60 5x  10’
4 114 4.1 X 10" R + I 34 3.5x10^
5 102 5x10" R 77 4x 10"
6 76 5x 10" I 65 4.8 X  10"
7 45 3.8x10" I 28 2.7 X 10"
8 63 4.8 X 10" R + I 21 1 X 10’
9 225 1.9 X 10" R 158 5.2 X 10"
10 76 1.7x10’ I 46 4 x  10"
11 170 4.6 X 10" R + I 48 3x10"
12 88 1.75 X 10’ R 36 4.7 X 10"
13 173 5.4x10" R + I 28 neg
14 190 3x10" I 134 2.9 X 10"
15 41 5x 10" R 27 6.1 X 10"
16 95 2.6 X 10" I 32 4x  lO'̂
17 207 4x  10" R 134 6.1 X 10"
18 33 7.8 X 10" R + I 27 7.5 X 10"
19 249 8.6 X 10" R 127 8.8 X 10"
20 107 8.2 X 10" I 82 5.2 X 10"
21 110 3.7 X 10" R + I 37 neg
22 122 5.3 X 10" I 21 neg
23 66 4.1 X 10" R + I 51 1 X 10"
24 28 5.2x10" R 27 4.4 X 10"
25 16 500 R 20 neg
26 73 4.4 X 10" R + I 25 neg
27 161 5.1 X 10" I 43 1.4 X lO'*
28 85 6x10" R + I 17 7.5 X 10"
29 56 4.3 X 10" I 34 2.8 X 10"
30 41 2 x  10" R 48 1.9 X 10"
31 229 1 X 10’ R + I 18 neg
32 63 4.6x10" R 32 4.2x10"
33 55 6.1 X 10" I 25 1.0 X 10"
34 39 4.8 X 10" R 25 3.4 X 10"
35 124 1.1 X 10" R + I 30 8 xlOf
36 76 3 x10’ I 30 1.1 X 10"

Table 3.2 Initial ALT and HCV RNA response of 36 patients treated 
with either interferon (I), ribavirin (R), or combination therapy (R+I), 
during the first six week phase of study period.
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Pt
no.

Gen. Age Genotype Histology Dayl ALT 
(IU/1)

Dayl RNA 
(gen.equ/ml)

6/52 ALT 
(IU/1)

6/52
RNA

1 M 31 - moderate chronic hepatitis 123 PCR+ 143 PCR +
2 M 35 3 minimal hepatitis 51 PCR + 40 PCR +
3 M 44 lb severe chronic hepatitis 180 PCR + - -

4 M 39 la moderate chronic hepatitis 158 PCR + - -

5 M 48 - minimal hepatitis 64 PCR + 55 PCR +
6 M 44 lb moderate chronic hepatitis 43 1.5 X 10̂ - -

7 F 29 3 minimal hepatitis 39 1.7 X 10̂ - -

8 F 25 2 moderate chronic hepatitis 45 PCR + - -

9 F 40 lb moderate chronic hepatitis 40 2.2 X 10̂ - -

10 F 39 - minimal hepatitis 35 3.6 X 10̂ 39 PCR +

Table 3.3 Clinical characteristics of 10 untreated control patients infected with 
HCV

Ptno. Gender Age Genotype Histology ALT
(IU/1)

RNA

1 M 49 - moderate chronic hepatitis 35 PCR-
2 M 38 lb moderate chronic hepatitis 33 PCR-
3 M 39 - mild chronic hepatitis 25 PCR-
4 F 31 3 mild chronic hepatitis 18 PCR-

Table 3.4 Clinical characteristics of 4 patients with HCV who had a sustained 
response to previous treatment vsdth interferon alpha therapy

3.3 PERIPHERAL BLOOD MONONUCLEAR CELL ISOLATION

PBMC were available for analysis from 36 patients on day 1, 35 patients at week 

6 and 26 patients at washout (Appendix 2).

3.4 IDENTIFICATION OF PROLIFERATING PERIPHERAL BLOOD 

MONONUCLEAR CELL SUBSET

Two colour flow cytometric analysis was performed on antigen-stimulated 

PBMC. Figure 3.1 shows that there was a predominance of CD4+ T lymphocytes 

amongst the expanded cells. Only a minority of cells stained positive for non 

CD4+ markers.
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3.5 PROLIFERATION ASSAYS

In preliminary experiments, titration of PHA, Anti-CD3 and tetanus toxoid was 

performed. These assays indicated that maximum proliferation occurred at 

concentrations of 1-lOug/ml; 20-100ug/ml and lug/ml respectively (figures 3.2- 

3.4). Concentrations of lug/ml of PHA, 50ug/ml of anti-CD3 and lug/ml of 

tetanus toxoid were therefore chosen in subsequent experiments.

A time course proliferation assay for PHA and tetanus toxoid using the 

above concentrations of mitogens indicated that the optimal time for harvesting 

was between day 2 and 3 for PHA, and between day 5 and 7 for tetanus toxoid 

(figure 3.5). Cells were therefore harvested at three days for mitogens and five 

days for recall antigens.

Titration curves were plotted for different concentrations of recombinant 

HCV antigens in patients who had had a previous sustained response to interferon 

alpha (figures 3.6-3.10). No significant proliferation was observed to any of the 

control buffers in which the antigens were supplied. In most patients maximum 

proliferation was present at a protein concentration of between 0.1-lug/ml. 

Maximum proliferation to core antigen was seen at 2ug/ml (figure 3.6). Antigen 

concentrations of 0.5ug/ml were chosen as on an economic basis to use in further 

experiments. This concentration was also reported as being ideal by other workers 

(Hoffmann et al. 1995).

The mitogenic effect of HCV antigens on 10 anti-HCV negative 

volunteers was assessed (figure 3.11). Stimulation indices in all control 

experiments were low indicating that proliferation to recombinant HCV antigens 

was specific to patients infected with HCV.
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Proliferation assays performed on 10 untreated anti-HCV positive patients 

and 4 anti-HCV positive patients who had had a previous sustained response to 

interferon alpha are shown (figures 3.12 and 3.13). Proliferation responses to 

HCV antigens in these two groups were significantly higher than those observed 

with the 10 anti-HCV negative volunteers confirming specificity (p<0.05 Mann- 

Whitney U test). The magnitude of the PBMC responses were similar between 

the untreated patients and those who had cleared HCV RNA with interferon alpha 

therapy except to core antigen. When the proliferative response to core antigen 

was compared in the untreated patient group and the sustained responder group, 

the stimulation indices were significantly higher in the sustained responder group 

(p<0.03 Mann-Whitney U test).

Serial proliferation responses in the untreated anti-HCV group changed 

markedly in two patients when measured on two occasions. There was no 

relationship between serial proliferation responses and ALT. In light of this inter

assay variability, cells from these patients taken on the same day and frozen were 

assayed using identical experimental conditions on two separate occasions. Inter

assay variability using this technique appeared to be minimal (table 3.5). 

Differences in CD4+ proliferation in an individual on different days were 

therefore assumed to represent true changes in CD4+ reactivity.
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Pt No Time of assay CORE NS3 NS4 NS5-12 NS5-4 Tetanus
toxoid

1 Day 1 
Week 6

4.3(0.3)
2.1(0.4)

4.6(0.4)
2.4(0.3)

3.1(0.2)
2.2(0.3)

3.3(0.4)
1.8(0.1)

2.4(0.2)
1.9(0.1)

47.0(2.3)
11.1(1.1)

2 Day 1 
Week 6

1.1(0.1) 
1.7(0.3)

2.5(0.2)
2.1(0.6)

2(0.2)
6.6(0.8)

2.7(0.1)
4.1(0.2)

3.8(0.4)
3.4(0.1)

51.1(2.7)
25.2(1.8)

3 Day 1 
Week 6

1.4(0.1) 
1.8(0.3)

1.6(0.2) 
12.2(1.2)

1.8(0.1)
11.4(1.3)

3.3(0.2)
24.6(0.6)

3.8(0.4)
17.3(1.2)

51.1(2.7)
13.4(2.4)

4 Day 1 
Week 6

1.2(0.1) 
1.5(0.2)

1.6(0.1)
0.9(0.2)

2.3(0.3)
1.6(0.1)

2.2(0.1) 
2.4(0.1)

2.3(0.4)
3.7(0.1)

1.5(0.2) 
1.4(0.4)

Table 3.5 HCV antigen-specific proliferation tested in PBMC from four 
untreated HCV-infected patients at two time points. Results expressed as mean 
stimulation indices with standard deviations in parentheses (2 assays per time 
point)

The most commonly recognized HCV antigens at baseline amongst the 36 

patients followed prospectively in the treatment trial were NS5-12 and NS5-4 

(table 3.6). Twenty three and 26 patients had a stimulation index >3 respectively, 

to NS5-12 and NS5-4. Core antigen was least frequently recognized, only 10 

patients had a stimulation index >3 to this antigen. The under-representation of 

significant proliferation responses to core antigen may be explained in part by 

using sub-optimal protein concentrations for this antigen. There was no 

significant difference between the magnitude of the baseline proliferation 

responses of PBMC to any HCV antigen and treatment response versus non

response (fig 3.14 and Appendix 1, section D). The relationship between baseline 

proliferative response to HCV antigens and genotype was examined. No statistical 

differences were found in proliferation responses to HCV antigens in genotype 1 

versus non-genotype 1 infected patients (Appendix 1, section E).

73



Pt no Core NS3 NS4 NS5-12 NS5-4 Tet Tox
(SI) (SI) (SI) (SI) (SI) (SI)

Non responders
1 1 1.6 0.9 1 1.5 1
2 0.5 1.8 2.7 4.9 3.4 2.1
5 1.3 3.6 2.1 1.9 2.5 16.6
6 1.3 0.7 1.5 2.3 3.6 1.1
7 9 1.8 4.7 4.4 6.2 3.5
9 1.6 1.1 2.4 2.4 1.9 1.8
10 1.1 12.4 23 12.4 15.9 13.7
12 1 10.1 6.9 13.3 7.4 43.7
14 2.2 14.8 16.8 13.8 14.4 3.3
15 1.4 18.6 43 32 26.2 17.3
17 1.3 1.7 1.5 1.2 1.5 7.1
18 0.54 1.4 2 3.2 3.2 1.6
19 0.56 12.1 7 9.4 14 87.2
20 4.6 16.2 8.8 5.5 5.6 46.2
23 3.1 3.6 4.3 4.6 3.4 7.5
24 0.8 4.9 15.5 14.6 8 1
25 2 2.9 2.3 3.4 3.7 10.4
29 5.3 4.2 6.1 2.8 2 27.3
30 2.7 3.3 3.8 3.7 3.2 39.1
32 10.4 23 32.4 33.5 25.1 102.2
33 1.4 1.3 4.8 3.4 3.3 2.7
34 11.1 1.5 4.6 2.4 6.8 1.9
35 3 2 2.5 2.3 2 13

SI>3 7/23 12/23 14/23 15/23 17/23 15/23
Responders

3 0.9 1.2 1 1.6 2 3.3
4 3 3 1.9 2.8 4.2 1.7
8 3 1 3.1 4.3 2 3
11 0.8 4.9 7.2 13.3 4.3 421.1
13 0.9 19.8 27.3 64.5 17.2 2.3
16 1.12 1 2 2.7 2.1 1.8
21 11.1 10.6 11.1 13.1 13.6 11.6
22 1 2.4 1.9 1.7 2.5 1.9
26 0.7 9.6 15.9 11.1 12.3 24.6
27 0.72 13.5 7.5 5.7 4.3 14.2
28 0.8 4.8 2.7 11.5 5.2 4.8
31 1.6 2.5 2.2 3.1 22.1 73
36 1.5 1.9 3.4 6.4 4.3 7.8

SI>3 3/13 7/13 7/13 8/13 9/13 9/13

Table 3.6 Baseline stimulation indices to individual HCV antigens and tetanus 
toxoid in 36 anti-HCV positive patients treated with IFN, ribavirin or 
combination therapy.
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3.6 STATISTICAL ANALYSIS

Serial proliferation assays were analysed according to treatment response using 

the Kruskal-Wallis one way analysis of variance. Using this test there appeared to 

be significantly weaker CD4+ proliferation to core antigen in the non-responder 

group (p=0.007). However when responders and non-responders were analysed 

together, there were no significant changes in the mean stimulation indices with 

time (Appendix 1, section F). When the data was analysed according to treatment 

received (Kruskal-Wallis), there were no significant changes in mean stimulation 

with time (Appendix 1, section G).

The data was then analysed using the Wilcoxon signed rank test, which is 

a paired test for non-parametric data. This analysis suggested that after six weeks 

of therapy there was significant suppression of CD4+ proliferation to core antigen 

and NS4 in the non-responder group compared to baseline (p=0.02 and p=0.03). 

In the responder group there was suppression of CD4+ proliferation to NS5-12 

after six weeks of therapy which just reached significance (p=0.05). There were 

no significant changes between baseline and washout in either the responder 

group, or the non-responder group (Appendix 1, section H).

Proliferation responses were then analysed according to the treatment 

regime received (Wilcoxon). Suppression of CD4+ proliferation was seen in the 

ribavirin group to NS5-12 (after six weeks therapy when compared to baseline). 

This suppression only just reached significance (p=0.05). No significant changes 

in proliferation were seen in the interferon group to any antigen. In the 

combination therapy group, significant suppression of CD4+ proliferation was
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seen to NS4 and NS5-12 (p=0.04 and p=0.02) (after six weeks therapy when 

compared to baseline). No significant change in CD4+ proliferation was seen 

when stimulation indices at washout were compared to those at Day 1 indicating 

that any changes seen at six weeks were transient (Appendix 1, section I).

When the data was analysed together independent of response or treatment 

received (Wilcoxon), significant suppression in proliferation was seen at six 

weeks (compared to baseline) to NS4 (p=0.02), NS5-12 (p=0.005), and NS5-4 

(p=0.04). No significant differences were seen between the washout values and 

baseline, (p-value overall. Appendix 1, section H and I).

3.7 DISCUSSION

In these experiments the CD4+ proliferative response to five recombinant HCV 

antigens has been studied in 50 patients infected with hepatitis C virus, 36 of 

whom have undergone anti-viral treatment during the course of this study.

The results indicate that there was no difference in magnitude of the CD4+ 

proliferative responses to four of the five HCV antigens tested in the untreated 

anti-HCV positive patients (n=10) and sustained responder (n=4) control groups. 

However the response to core antigen was significantly higher in the patients who 

had had a sustained response to interferon alpha. The numbers of these patients 

studied was small, but the proliferation responses are consistent with previous 

studies.
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Serial testing of PBMC in four untreated patients revealed that 

proliferative responses to HCV antigens were variable at different time points in 

untreated patients. Maximum stimulation indices to HCV antigens in untreated 

patients are often of low orders of magnitude and therefore inter-assay variability 

is magnified in this group. Other workers have also confirmed these findings and 

this obviously places a limitation on the quantitative interpretation of proliferation 

assay data (Hoffinann et al. 1995).

Baseline CD4+ proliferative responses did not appear predictive of 

virological response after six weeks of therapy in the 36 patients studied 

prospectively within the pharmacokinetic study. The only variables which were 

predictive of virological response after six weeks of therapy were infection with 

genotype 3, and initial treatment with combination therapy versus the other two 

treatment modalities. Baseline viral load, serum ALT, histological analysis, 

gender, route of infection and age did not predict response to anti-viral therapy in 

this study.

Genotypic variations may alter cellular responses to recombinant HCV 

proteins. Significantly more vigorous T-cell responses to HCV peptides and 

recombinant core protein have been noted in genotype 2c- than in genotype lb- 

infected patients (Missale et al. 1997). In our study the recombinant proteins 

were derived from the type la  variant of HCV. More than 50% of our patients 

were genotype 3. However, there was no statistical evidence of a reduction in the 

magnitude of proliferation responses between genotype 1 versus non-genotype 1 

patients.
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The CD4+ proliferation responses seen at baseline to the core antigen 

were lower than might have been expected from other studies (10/36 patients). 

From the titration experiments a concentration of 2ug/ml of core antigen appeared 

to produce maximal stimulation. In our experiments a protein concentration of 

0.5ug/ml was used partly for reasons of cost. In retrospect, it is possible that this 

led to under representation of core antigen proliferation responses in our patients.

In addition, as the majority of the assays used PBMC from patients with 

chronic HCV and persistent viraemia, it is possible that titration of HCV core 

antigen with PBMC from patients who were sustained responders to interferon 

may have led to lower concentration of protein being used than may have been 

appropriate. This may be inferred from the fact that stimulation indices were 

significantly higher to core antigen in the sustained responder group compared to 

untreated patients as mentioned above.

When the serial data from this study was interpreted using an analysis of 

variance, a sub-group analysis of virological response versus non-response, 

revealed a significant reduction in proliferation to core antigen at six weeks in the 

non-responder group. Analysis of the same data using a paired test, confirmed this 

result and also suggested that there were significant reductions in proliferation to 

NS4 in the non-responder group and to NS5-12 in the responder group at six 

weeks.

The definition we used for virological response is unusual and was so 

defined because the short duration of anti-viral therapy in the study was not 

expected to produce complete suppression of viral replication as defined by a

78



negative PCR for HCV RNA. In addition ribavirin monotherapy is not associated 

with significant virological response even after extended treatment courses 

(Dusheiko et al. 1996). Loss or HCV RNA during the initial months of interferon 

therapy appears to provide accurate identification of those individuals who will be 

responders, however the bulk of the literature suggests that 12 weeks is the 

optimal time to identify non-responders (Tong et al. 1997). Loss of HCV RNA 

by four weeks in comparison is not such a reliable tool (McHutchison et al. 

1996). It is therefore possible that the designation of response or non-response 

may have altered after extended and appropriate anti-viral therapy with 

combination therapy (see chapter 4).

For this reason, the data was analysed according to treatment received. 

Using analysis of variance, there were no significant differences in the mean 

stimulation indices over the three time points in any of the three treatment groups. 

Using a paired test, significant suppression of proliferation was seen overall at 

week six as compared to baseline for NS4, NS5-12 and NS5-4.

Sub-group analysis of the different treatment groups revealed that it was 

the group who received combination therapy in which the majority of this 

suppression is seen. In the group who received interferon alpha alone there was no 

significant difference seen at week six or at washout when compared to baseline.

The small numbers of patients in each treatment arm (n=12) means that 

sub-group analysis of this type may be open to over-evaluation and a type II error. 

Therefore these results must be interpreted with caution especially in light of the
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fact that there were no overall differences in the mean stimulation indices seen 

when an analysis of variance was used.

Nevertheless, it is of great interest that it is the combination of ribavirin to 

interferon alpha which seemed to suppress CD4+ proliferation, and that this 

observation was not seen in the interferon monotherapy group. A possible 

mechanism whereby interferon alpha and ribavirin could cause suppression of 

CD4+ proliferation will be discussed in the following chapter.
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Figure 3.1 Two colour flow cytometric analysis of 1x10^ PBMC stimulated with 

HCV antigens depicted as histograms of log fluorescence showing that the CD4+ 

fraction predominated after five days of culture. (A) Mouse IgGi FITC and 

mouse IgGza PE double negative isotype control. (B) FITC anti-CD3 and PE anti- 

CD4. (C) FITC anti-CD3 and PE anti-CD8. (D) FITC anti-CD3 and PE anti-

CD16.
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Figure 3.4 Five day proliferation assay of PBMC 

from 3 HCV-infected individuals to various 

concentrations o f tetanus toxoid
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Figure 3.5 Time course proliferation assay using PHA (lug/ml) or tetanus toxoid 
(lug/ml) to stimulate PBMC from 4 HCV-infected individuals
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Figure 3.6 Five day proliferation assay to various 
concentrations o f core antigen using PBMC from 
4 HCV-infected individuals who had sustained 

responses to interferon alpha
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Figure 3.7 Five day proliferation assay to various 
concentrations of NS3 antigen using PBMC from 
4 HCV-infected individuals who had sustained 

responses to interferon alpha
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Figure 3.8 Five day proliferation assay to various 
concentrations of NS4 antigen using PBMC from 
4 HCV-infected individuals who had sustained 

responses to interferon alpha
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Figure 3.9 Five day proliferation assay to various 
concentrations of NS5-12 antigen using PBMC from 
4 HCV-infected individuals who had sustained 

responses to interferon alpha
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Figure 3.10 Five day proliferation assay to various 
concentrations of NS5-4 antigen using PBMC from 
4 HCV-infected individuals who had sustained 

responses to interferon alpha
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Figure 3.11 Five day proliferation assay of PBMC 
from 10 HCV negative controls 

to various HCV antigens
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Figure 3.12 Five day proliferation assay of PBMC to 
various HCV antigens from 10 untreated 

HCV-infected patients
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Figure 3.13 Five day proliferation assay of PBMC 
to various HCV antigens from 4 HCV-infected 

patients who have had a sustained response 
to previous treatment with interferon alpha
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Figure 3.14 Baseline proliferation responses to HCV antigens in 
treatment responders (R) versus non responders (NR) where 

response is defined as an HCV RNA reduction 
by Ix 10̂  after six weeks of treatment
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Figure 3.15 Serial proliferation responses in responders
(HCV RNA reduction by > Ix 10̂  after six weeks of therapy'
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Figure 3.16 Serial proliferation responses in non-responders
(HCV RNA reduction by < Ix 10̂  after six weeks of therapy
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Chapter 4

CD4 POSITIVE T LYMPHOCYTE PROLIFERATIVE 

RESPONSES - RESULTS OF EXTENDED STUDY

4.1 PATIENTS

The ALT and HCV RNA concentrations for each patient at wash-out, and then in 

a selection of patients after three months and six months respectively of 

combination therapy is tabulated (tables 4.1).

At the end of the washout period, three patients (patients 22, 24 and 26) 

elected to be followed by their local hospital for further therapy. Two patients did 

not wish to resume therapy after the initial six week period (patient 4 from the 

combination arm and patient 15 from the ribavirin arm of the pharmacokinetic 

study). Two patients were withdrawn after one month (patients 20 and 21) and 

one patient (patient 2) was withdrawn after five months of combination therapy 

due to psychological side effects.

At the time of writing 19 patients have completed six months of 

combination therapy. Fourteen patients have normal liver function tests and ten of 

these patients are HCV RNA negative. As yet it is too early to say whether these 

patients will have a sustained response to therapy.

4.2 PERIPHERAL BLOOD MONONUCLEAR CELL ISOLATION

PBMC were available for analysis from 26 patients at washout, 16 patients at 

month 3 of combination therapy, 15 patients at month 6 of combination therapy 

and 7 patients during follow up (Appendix 2).
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Pt
no.

Washout
(weeks)

Pre comb. 
ALT(IU/1)

Pre comb RNA 
(gen.equ/ml)

3/12 ALT 
(IU/1)

3/12 RNA 
(gen.equ/ml)

6/12 ALT 
(IU/1)

6/12 RNA 
(gen.equ/ml)

1 5 55 ND 50 ND 55 5.1 xlO^
2 5 35 ND 35 ND WD WD
3 7 24 ND 83 PCR- 91 PCR-
4 NS - - - - - -
5 8 150 ND 54 5.5 X 10̂ 54 ND
6 8 54 ND 29 0.2 X 10̂ 22 PCR+
7 8 41 ND 17 PCR- 15 PCR-
8 12 180 ND 21 PCR- 29 PCR+
9 5 313 ND 37 ND 61 PCR+
10 32 47 1.7 X 10̂ 47 PCR+ - -
11 6 352 ND 22 PCR- 11 PCR-
12 12 41 ND 14 PCR- 12 PCR-
13 6 62 ND 22 PCR- 24 PCR-
14 11 145 PCR+ 94 PCR+ - -

15 NS - - - - - -
16 5 98 PCR+ 18 PCR- 16 PCR-
17 13 65 0.2 X 10̂ - - - -

18 9 46 2.2 X 10̂ 50 PCR+ - -

19 6 268 7.3 X 10̂ WD - - -
20 11 84 6x 10̂ WD - - -
21 6 402 2.8 X  10̂ 26 PCR- - -
22 TE - - - - - -
23 5 50 PCR+ 34 PCR+ - -
24 TE - - - - - -

25 6 13 PCR- 13 PCR- - -

26 TE - - - - - -

27 10 110 7.7 X  10̂ 16 PCR- - -

28 4 195 ND 88 2.6 X 10̂ 56 PCR+
29 12 99 1.4 X 10̂ - - - -

30 6 48 ND 30 5x10^ 17 PCR+
31 6 194 ND 17 PCR- 16 PCR-
32 6 44 ND 12 PCR- 17 PCR-
33 12 27 ND 12 PCR- 11 PCR-
34 4 25 ND 11 ND 15 PCR-
35 5 27 ND 32 ND 24 9x  10̂
36 5 24 ND 13 ND 13 PCR-

Table 4.1 ALT and HCV RNA data for extended treatment phase of study (six 
months of combination therapy). ND= not done, NS= not started, TE= treated 
elsewhere, WD= withdrawn.
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4.3 PROLIFERATION ASSAYS

Serial proliferation responses between washout and six months are plotted in 

figures 4.1 and 4.2. The most commonly recognized HCV antigen after six 

months of combination therapy amongst the 15 patients followed prospectively in 

the treatment trial was NS4. Four patients had a stimulation index >3 respectively, 

to this antigen. Core antigen and NS5-4 were least fi-equently recognized, only 

two patients had a stimulation index >3 to these antigens (table 4.2).

There was no significant difference between the magnitude of the baseline 

proliferation responses of PBMC to any HCV antigen and treatment response 

versus non-response at six months (Appendix 1, section J).

Ptno Core NS3 NS4 NS5-12 NS5-4 Tet Tox
(SI) (SI) (SI) (SI) (SI) (SI)

Non responders
1 2.70 2.60 2.80 2.80 2.70 1.00
6 2.3 1.6 2.7 2.1 2.8 3.1
8 3.3 1.7 1.3 2.3 4 3.3
9 1.40 1.10 1.80 1.40 2.30 4.30
30 1.40 1.10 1.80 1.40 2.30 4.30

SI>3 1/5 0/5 0/5 0/5 0/5 4/5
Responders

7 2.4 1.7 2.1 2.2 2.6 2.3
11 1.9 2.3 0.9 1.3 3 447.2
12 0.6 0.7 1.2 1.2 1.5 35.75
13 1.4 1.8 2.1 2.8 2 2.9
16 2.4 5 8.6 1.5 2.3 1.3
31 2.70 2.20 5.90 2.40 2.70 36.40
32 3.70 3.00 2.90 3.10 2.30 23.30
33 2.40 1.80 2.80 2.60 2.70 2.50
34 2.90 2.00 4.40 4.60 2.40 0.90
36 1.50 3.90 6.80 7.20 3.40 9.70

SI>3 1/10 3/10 4/10 3/10 2/10 5/10

Table 4.2 Stimulation indices to individual HCV antigens and tetanus toxoid in 
15 anti-HCV positive patients treated with combination therapy for six months.
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4.4 STATISTICAL ANALYSIS

Serial proliferation assays were analysed according to treatment responses using 

the Kruskal-Wallis one way analysis of variance. Significant suppression of 

CD4+ proliferative responses to NS3 (p=0.03) and NS5-4 (p=0.02) was observed 

in the treatment responder group but not in the non-responder group (Appendix 1, 

section K). When responders and non-responders were analysed together, there 

were no significant changes in the mean stimulation indices with time (Appendix 

1, section K, p-value overall).

The data was then analysed using the Wilcoxon signed rank test. For this 

analysis thirteen patients had paired data at washout and month three and twelve 

patients had paired data at washout and month six. This analysis suggested that 

after three months of combination therapy there was significant suppression of 

CD4+ proliferation to NS5-4 in the responder group (p=0.04). After six months of 

therapy, there was significant suppression of CD4+ proliferation to NS3 and 

NS5-4 in the responder group (p=0.02 and p=0.02) (Appendix 1, section L).

When the data was analysed together independent of response 

(Wilcoxon), significant suppression in proliferation was seen at three months to 

NS4 and NS5-4 (p=0.03 and p=0.03). At six months significant suppression in 

proliferation was seen to NS3 (p=0.03), NS4 (p=0.02), NS5-4 (p=0.03) and also 

tetanus toxoid (p=0.03) (Appendix 1, section L, p-value overall).

At the time of writing seven patients had entered the follow-up stage of 

the study. Serial proliferative responses for each of these patients have been 

plotted individually (fig 4.3 and 4.4). Four of these individuals showed an

99



increase in CD4+ proliferative responses to core antigen above the baseline value 

(patients 1, 5, 9, and 34). Patient 7 also showed an increase in core antigen 

response on withdrawal of therapy, but the stimulation index was not greater than 

that observed at baseline.

4.5 DISCUSSION

In these experiments the CD4+ proliferative responses to five recombinant HCV 

antigens have been studied in 15 patients with chronic HCV infection treated with 

interferon alpha and ribavirin for six months.

Baseline CD4+ proliferative responses did not appear predictive of 

virological response after six months of therapy in these patients.

Serial proliferation assays indicated that combination therapy appeared to 

have an anti-proliferative effect on CD4+ cells particularly in those patients who 

responded to combination therapy. This observation reached significance for NS3, 

NS4 andNS5-4.

The numbers of paired observations available for study are very small 

which means that these results must be interpreted with caution. However, the 

results are consistent with those reported in chapter three for the six week study.

Limited data is available from those patients who have entered the follow- 

up stage of the study, however some of these patients have shown increases in 

CD4+ proliferative responses (three months post-treatment) above baseline values
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which would be in line with other data (Ferrari et al. 1994; Hoffinann et al. 

1995; Missale et al. 1997; Cramp et al. 1997; Leroux-Roels et al. 1996).

We have observed that anti-viral treatment with interferon and ribavirin 

inhibits CD4+ T cell proliferation in both treatment responders and non 

responders after 3-6 months of therapy. Inhibition of CD4+ cell proliferation did 

not reach statistical significance in the non-responder group, which may relate to 

the small number of patients in this group. Unfortunately there is only limited 

data available from patients who have completed combination therapy and who 

have entered the follow-up stage of the study. Increases in CD4+ proliferation to 

core antigen have been observed, but this needs to be confirmed in the rest of the 

cohort. At present there appears to be no relation between core antigen CD4+ 

activity and treatment response versus non-response.

It is well established that interferon alpha has an anti-proliferative effect 

on CD4+ cells in vitro (Choi et al. 1981; Holan et al. 1992). This effect is 

thought to be due to a direct growth-inhibitory action of interferon possibly via 

down-regulation of mitochondrial gene expression (Lewis et al. 1996).

Conversely other workers have shown that interferon preparations increase 

the killer efficacy of in vzTro-sensitized CD8+ cells (Heron et al. 1976). In 

addition release of interferons in vivo during viral infections appear to cause 

CD8+ cells to proliferate before differentiating into long-lived resting memory 

cells (Tough et al. 1996).

In human studies interferon alpha appears to enhance HCV-specific CD4+ 

proliferative responses during treatment. This observation appears to be
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independent of treatment outcome (Zhang et al. 1997), although it may be 

dependent on the genotype with which an individual is infected (Missale et al. 

1997).

Little is known of the immunological actions of ribavirin in vivo. 

However, anti-proliferative effects have been demonstrated when the drug is 

added at clinically relevant concentrations to PBMC in vitro (Heagy et al. 1991). 

It has been suggested that this effect may be explained by the depletion of GTP 

pools which are essential for proliferating T cells (Fairbanks et al. 1995).

It would also appear that ribavirin can suppress the production of Th2 

cytokines such as IL-4 from macrophages in vitro while preserving Thl cytokine 

production and potentially driving CD8+ maturation (Ning et al. 1998). In 

patients with HIV treated with ribavirin and the immunomodulatory agent 

isoprinosine, reductions in natural killer cell activity are seen at high doses of 

ribavirin together with a suppression in CD4+ activity (Schulof et al. 1990).

Our studies suggest that CD4+ activity is suppressed while patients are on 

combination therapy and this may be followed by a resurgence in activity when 

therapy is completed. These results are supported by the only published study of 

CD4+ proliferative responses in HCV-infected patients treated with interferon 

alpha and ribavirin. Zhang et al. examined proliferative responses in PBMC to an 

HCV recombinant NS3 protein in 9 patients with chronic HCV infection before, 

during, and after 24 weeks of treatment with interferon-alpha alone or in 

combination with ribavirin. Regardless of the therapy and the subsequent 

outcome, all patients showed an increased NS3-specific proliferative response;
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however a significant increase in the frequency of proliferative responses was not 

observed until the cessation of therapy. Zhang et al. suggest that the profound 

anti-viral effects of combination therapy may reduce the amount of viral antigens 

available to support an efficient CD4+ response during therapy. On withdrawal of 

therapy they postulate that an effective CD4+ response is responsible for viral 

clearance (Zhang et al. 1997).

From the supportive literature quoted above, a mechanism therefore exists 

whereby the addition of ribavirin to interferon alpha may result in a suppression 

of CD4+ proliferation.

HCV-specific CD4+ responses have been demonstrated amongst PBMC 

at greater than one year following successful interferon alpha therapy (Hoffinann 

et al. 1995). In our patients who have entered follow up, 4 of 4 patients who are 

HCV RNA negative with a normal ALT have significant proliferation responses 

to one or more HCV antigens. Long term follow up of these patients will be 

needed to establish the durability of CD4+ proliferation responses.
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Figure 4.1 Serial proliferation responses in responders
(HCV RNA negative after 3-6 months o f combination therapy)
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Figure 4.2 Serial proliferation responses in non-responders
(HCV RNA positive after 3-6 months o f combination therap)
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Figure 4.3 Serial proliferation responses in four individual 
treatment responders who have completed six months of 

combination therapy and have reached month three of follow up
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Figure 4.4 Serial proliferation responses in three individual 
treatment failures who have completed six months o f 

combination therapy and have reached month three o f follow up
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Chapter 5

CELLULAR IMMUNE RESPONSES IN PATIENTS WITH 

END STAGE HEPATITIS C VIRUS UNDERGOING 

TRANSPLANTATION

5.1 INTRODUCTION

HLA class I restricted CTLs are widely acknowledged as a major effector 

mechanism in viral infections. HCV-specific CTL responses have been 

demonstrated in the liver of both humans and chimpanzees (Erickson et al. 1993; 

Koziel et al. 1992). Epitopes have been mapped in the nucleocapsid and non 

structural regions of the virus. CD4+ helper cells may also be essential in HCV 

for the maturation of CTL and undoubtedly contribute to the host immune 

response in this situation. While a larger number of groups are involved in work 

with PBMC, a smaller number of projects are using hepatic tissue to expand and 

clone T cells. No groups are currently using explanted livers for this purpose.

This study was designed to analyze liver infiltrating lymphocytes (LDL) 

present in explanted liver tissue taken at the time of orthotopic liver 

transplantation (OLT) from patients with end stage liver disease secondary to 

HCV infection.

The aims of the study were to generate intrahepatic T cell clones from 

explanted HCV infected liver tissue. Using the CD8+ cells thus generated, HCV- 

specific CTL activity would then be examined in vitro using as targets doubly- 

transfected cells expressing a panel of HLA class I alleles and HCV antigens. As
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liver donors are non-HLA matched to recipients, changes in CTL activity post 

transplantation could be examined using target cells which expressed the 

appropriate HLA class I alleles present pre- and post-transplantation.

Secondarily, any CD4+ cells generated would be examined for HCV- 

specific proliferation to HCV antigens. It was hoped that through these studies the 

inter-relationship between viral persistence, CD8+ cytotoxicity, CD4+ 

proliferative responses and hepatocyte injury would be further understood.

5.2 PATIENTS

Liver tissue was taken from six anti-HCV subjects with end-stage liver disease 

secondary to HCV who underwent orthotopic liver transplantation. Six additional 

anti-HCV subjects with evidence of chronic liver disease (raised serum ALT and 

HCV RNA positive) who underwent liver biopsy as part of routine investigation 

for chronic HCV infection were also studied. All subjects were HBV and HIV 

seronegative. Histological assessment of percutaneous liver biopsies and 

demographic details of the patients studied may be found in table 5.1. Hepatic 

explants firom the transplant recipients all showed cirrhosis on histological 

assessment (table 5.2).

The study was approved by the Ethical Committee of the Royal Free 

Hospital and written informed consent was obtained from each subject.

109



Pt no. Gender Age Histology ALT
(IU/1)

HCV
RNA

1 M 43 moderate chronic hepatitis 97 PCR+
2 F 31 moderate chronic hepatitis 66 PCR+
3 M 29 mild chronic hepatitis 25 PCR+
4 M 56 moderate chronic hepatitis 46 PCR+
5 M 48 portal tract linking/ fibrosis 55 PCR+
6 F 45 mild chronic hepatitis 71 PCR+

Table 5.1 Clinical characteristics of six patients with chronic HCV infection who 
had percutaneous liver biopsies

Pt no. Gender Age Histology ALT
(IU/1)

HCV
RNA

1 F 52 cirrhosis and HCC 112 PCR+
2 M 48 cirrhosis 88 PCR+
3 M 57 cirrhosis 51 PCR-
4 M 49 cirrhosis 167 PCR+
5 M 58 cirrhosis and HCC 233 PCR-
6 F 57 cirrhosis 73 PCR-

Table 5.2 Clinical characteristics of six patients with end stage liver disease 
secondary to chronic HCV infection who came to liver transplantation.

5.3 CLONING OF LIVER-INFILTRATING LYMPHOCYTES

Liver tissue was obtained by percutaneous liver biopsy using a Menghini needle 

or from the liver explant at transplantation. Specimens taken at liver biopsy were 

divided so that a 10mm core of tissue was sent for standard histopathological 

analysis. At least 4mm of tissue was retained for the separation of lymphocytes. 

Explanted liver tissue was taken to the histopathology department where the 

intact livers were examined. At least Icm^ of liver tissue was then removed with 

sterile scalpels for the separation of lymphocytes. Liver tissue from both sources 

was placed in sterile RPMI 1640 medium and transported to the tissue culture 

room.
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Liver tissue was washed briefly in medium and was then divided into 

roughly Imm^ sections with sterile scalpels. The tissue was placed in 5ml of 

medium (supplemented with 10% AB serum, 2% L-glutamine (200mM),l% 

penicillin/streptomycin (500U/ml) and 0.5% amphotericin (250ug/ml). 

Recombinant IL2 (lOOU/ml) and anti-CD3 (20ug/ml) was also added and the 

tissue divided amongst the wells of a 24-well plate. The initial concentration of 

liver derived lymphoid cells present in tissue culture was estimated with light 

microscopy. The plates were incubated for between 48-96 hours at 37°C, 5% CO2, 

humidified atmosphere.

When the lymphocytes reached confluence, (1-2 x 10  ̂cells per well), the 

wells were divided. Cloning of T cells was performed by limiting dilution as 

described (Vallbracht et al. 1989; Fleischer and Kreth, 1983; Fleischer et al. 

1985). Allogeneic feeder cells were used while the techniques of cloning were 

established due to the limited yield of PBMC from patients post-transplantation. 

The liver-derived T cells were brought to 60 well Terasaki plates in a final 

concentration of 1, 3 or 10 cells/well together with 1 x 10"̂  irradiated allogeneic 

feeder cells (from HCV-infected individuals). The medium contained rIL2 as 

above together with PHA (2ug/ml). After 10-14 days of incubation the 

proliferating T-cell clones were harvested and expanded in 96 well U-bottom 

plates. The clones were re-stimulated with 1x10^  irradiated (50Gy) feeder cells 

(allogeneic PBMCs), rIL2, and HCV core antigen. Growing cultures were further 

expanded by weekly splitting and re-stimulation with irradiated feeder cells.
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5.4 MONOCLONAL ANTIBODIES

The phenotypes of the T-cell clones were analysed by using the following 

monoclonal antibodies in various two-colour combinations: (a) FITC conjugates 

of antibodies to CD3; and (b) PE conjugates of antibodies to CD4, CDS and 

CD 16. Mouse IgGi FITC and mouse IgGia PE were used as isotype controls.

1 X 10"̂  cells were incubated with lOul of each monoclonal antibody at 4°C 

for 30 minutes. The cells were then washed three times with phosphate buffered 

saline and analysed in a flow cytometer using standard techniques. Blast cells 

were gated according to forward and side scatter parameters.

5.5 PROLIFERATION ASSAYS

Proliferation assays were performed as described above (chapter 2). Clonal T cells 

were resuspended at a concentration of 5 x lO'^/well dispensed in lOOul of RPMI 

1640 medium containing 2% L-glutamine, and 1% penicillin/streptomycin into 96 

U-bottom plates.

Mitogens and recall antigens were added in set concentrations (see below) 

in lOOul RPMI medium supplemented with L-glutamine, 1% 

penicillin/streptomycin and 20% human AB serum. This gave an overall 

concentration of 10% AB serum in the plates. The cell cultures were incubated at 

37°C in an atmosphere of 5% CO2 in air for three days (mitogens) or five days 

(recall antigens). ^H-thymidine luCi, was then added suspended in 20ul of RPMI 

to each well and incubated at 37°C for 16 hours. The cells were then harvested 

onto glass fibre filters using a multichannel cell harvester. The amount of 

radiolabel incorporated into DNA was estimated by liquid scintillation counting 

in an LKB-Wallac 8100 counter.
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Three replicate wells for each antigen were used, 3 for negative controls 

and 3 for positive controls. The results were expressed as the mean counts per 

minute (cpm). The stimulation index was calculated as the ratio between cpm 

obtained in the presence of antigen and that obtained without antigen. A 

stimulation index >3 was considered significant.

Clonal T cells were incubated together with the mitogens anti-CD3 

(50ug/ml) and PHA (lug/ml) for three days and with irradiated allogeneic feeder 

cells (1 X 10"̂  cells/well), allogeneic feeder cells (1 x 10  ̂ cells/well) pulsed with 

HCV core antigen (2ug/ml) for 2 hours then washed and irradiated, HCV core 

antigen (2ug/ml) and tetanus toxoid lug/ml for five days. Medium, HCV antigen 

buffers and clonal T cells alone served as controls. Significant proliferation was 

only accepted if no proliferation to control buffers was observed.

5.6 RESULTS - GENERATION OF BULK CULTURES

Lymphocyte bulk cultures were established from liver biopsy specimens from 

four of six of the anti-HCV patients who came to percutaneous biopsy (table 5.3). 

Liver biopsy specimens from two patients failed to show any significant 

proliferation. Successful expansion seemed to be related in part to the degree of 

mechanical dissociation of hepatocytes. Clusters of lymphoid cells appeared 

more readily around undissociated liver biopsy specimens than in the two cases 

where the hepatocytes formed a monolayer in the culture plates.

Bulk cultures could not be established from liver explant material for a 

variety of reasons. The major problem was one of contamination of the liver 

tissue with bacteria which was a consequence of exposure of the liver capsule to 

non sterile conditions while the intact liver was transported from the operating
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theatre to the histopathology department. An attempt was made to take liver tissue 

from deep within the explant however this failed to improve contamination rates.

Microbiological assessment of the tissue cultures showed the presence of 

mainly gram-negative bacteria (E. coli) but on occasions gram-positive organisms 

were seen in the cultures (Staphlococcus aureus). Gentamicin was therefore 

added to the culture media in appropriate concentrations (50ug/ml) to try and 

combat gram-negative infection. Thereafter bacterial contamination was not seen 

but expansion of lymphoid cells was poor.

An additional, and probably the most important contributory factor which 

may explain the poor growth of intrahepatic lymphocytes from explant material 

may relate to lower absolute numbers of lymphoid cells seen in cirrhotic liver 

tissue. Expansion of lymphoid cells from percutaneous material appeared to 

occur most readily in liver tissue which contained little fibrosis and an active 

lymphoid infiltrate histologically. Initial lymphocyte counts in liver biopsy 

material and explanted liver tissue are shown in table 5.3.
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Pt. no. 
(liver 

biopsy)

Initial lymphocyte counts 
(cells/ml)

Pt. no. 
(OLT)

Initial lymphocyte counts 
(cells/ml)

1 3x10^ 1 5x10^
2 2x10^ 2 1x10^
3 2x10^ 3 3x10^
4 1 xlO^ 4 1 xlC*
5 1x10^ 5 5x10^
6 2x1 O'* 6 2x10^

Table 5.3 Lymphocyte counts (cells/ml) in percutaneous liver biopsies and 

samples of liver taken at transplantation (OLT) after mechanical dissociation and 

suspension of cells in tissue culture medium.

5.7 RESULTS - T CELL CLONING

Initial attempts at T cell cloning from liver biopsy bulk cultures were thwarted by 

excessive evaporation of tissue culture medium from the culture plates. This was 

overcome by placing the Terasaki plates in aerated plastic boxes to improve local 

humidity. Secondary fungal infection was problematic in some cases although 

this was reduced to a minimum by avoiding excessive handling of the Terasaki 

plates and by using amphotericin in the tissue culture medium.

The major problem was in expanding cloned cells from Terasaki plates up 

to 96-well plates without losing clonal material. T cell clones from three 

percutaneous biopsies reached this stage (patients 2, 5 and 6) (table 5.4). 

Unfortunately relatively few clones continued to expand and secondary fungal 

infection became increasingly common after cells had been in culture for longer 

than 30 days. Fifty T cell clones from patient six were established in 96-well and 

later 48-well plates. Cell concentrations of between 1 x 10  ̂ - 1 x 10^/ well were 

established in this patient and proliferation assays were performed on some of the
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clones. Smaller numbers of viable clones were established from the other two 

patients (table 5,4). Subsequently cells from patients 2 and 5 became secondarily 

infected and progression to functional assays was abandoned.

Pt
no.

Bulk
cultures

No. of clones in 
96 well plates

No. of clones in 
48 well plates

Outcome

1 + no expansion - -
2 + 112 23 fungal contamination
3 - - - -
4 - - - -

5 + 96 38 fungal contamination
6 + 50 50 proliferation assay

Table 5.4 Cloning efficiency of intrahepatic lymphocytes 
obtained from percutaneous biopsies

5.8 RESULTS - FACS ANALYSIS

Ten clones from patient six were examined by immunohistochemical staining. 

FACS analysis of these clones showed a predominance of CD4+ cells rather than 

CD8+ cells (figures 5.1 and 5.3). In some cases there appeared to be a mixed 

population of lymphoid cells indicating non-clonal cell expansion (figures 5.2 

and 5.4). Unfortunately six clones failed to stain with T cells markers and 

viability testing with trypan blue indicated cell viabilities < 50% in these cultures.

5.9 RESULTS - PROLIFERATION ASSAYS

Ten clones from patient six were chosen at random from a total of 50 established 

in 24-well plates. Clones which appeared to be growing well were chosen in 

preference. The results of the only proliferation assay performed with liver 

derived lymphocytes are shown below in table 5.5. Stimulation indices for PHA
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and anti-CD3 indicated that there was poor mitogenic response. Cell viabilities 

were checked with trypan blue, and as above were found to be poor (<50%). 

Further proliferation assays were therefore abandoned at this stage.

BF
clones

Cells alone 
(cpm)

SD PHA
(SI)

Anti-CD3
(SI)

DXT
feeders

(SI)

DXT feeders pulsed 
with core antigen 

(SI)

Core
antigen

(SI)

Tet
tox
(SI)

1 7095.2 141.9 2.2 1.6 1 1.1 0.9 0.8
2 2871 54.5 3.4 4.6 0.9 1 0.6 0.7
3 2568.9 56.5 2.7 2.1 0.6 0.8 0.5 1.5
4 2811.2 61.8 2.3 1.6 1.1 1 1 1
5 6946.6 104.2 2.1 3.3 1.1 1.2 0.9 1.1
6 12991.8 259.8 2.8 3 1.2 1 1 1.3
7 4329.1 82.3 1.9 2.5 0.8 0.9 1 1.2
8 4561.1 68.4 2.3 2.5 0.9 1.1 1 0.8
9 4656.4 116.4 2.3 2 1.2 1.3 0.9 1
10 5213.2 104.3 3.2 2.1 1.3 1.3 1.2 1.1

Table 5.5 Proliferation assay using intrahepatic T cell clones from 
patient six

5.10 DISCUSSION

HCV-specific CTL activity in the liver and peripheral circulation has been 

identified in a small number of patients (Koziel et al. 1992; Koziel et al. 1993; 

Kita et al. 1993). Clonal activity has been examined in a series of elegant 

experiments by Margaret Koziel. However, in order to study larger numbers of 

patients other investigators have examined CTL activity in bulk-expanded T cells 

derived from liver biopsies (Nelson et al. 1997).

The aim of our study was to examine HCV-specific CTL activity in 

explanted livers removed from patients with end-stage liver disease.

Unfortunately it proved impossible to establish bulk cultures of T cells in these
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patients. This was because of contamination of the liver tissue with bacteria 

before tissue culture was established and also because of low initial T cell 

concentrations in the liver tissue when compared to percutaneous biopsies from 

patients with less hepatic fibrosis.

Bulk-expanded T cells were expanded from percutaneous liver biopsies, 

however it was not possible in my hands to establish viable T cell clones which 

could be used for fimctional analysis because of fungal contamination and poor 

cell viabilities. We therefore did not proceed to definitive experiments in which 

autologous irradiated feeder cells were used to generate the clones. My cloning 

methodology also appeared to favour the outgrowth of CD4+ cells in preference 

to CD8 + T cells. These confounding problems may relate to the fact that I did not 

use a bispecific antibody (CD3,4B) in the initial bulk expansion phase of the 

experiments.

Expansion of CD8 + lymphocytes in other studies was performed with the 

aid of a CD3,4B monoclonal antibody. This antibody has one arm that is specific 

for the cell surface antigen CD3 and another for CD4 with a common Fc portion 

(Wong and Colvin, 1987; Wong et al. 1989). The antibody promotes complement 

mediated lysis of target cells that bear both CD3 and CD4 with much greater 

efficiency than those which express only one of the antigens. This results in the 

selective expansion of CD8 + lymphocytes in the presence of IL2. It was felt that 

this was likely to explain the difference in success rates in the Koziel and 

Houghton group when compared to my own.

We were unable to obtain the CD3,4B monoclonal from our American 

colleagues, and initial experiments with a similar antibody loaned from 

Southampton University (with thanks to Dr. Tony Dodi) failed to stimulate CD8 +
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expansion in PBMC. It was therefore felt that it would be more profitable to 

concentrate on CD4+ proliferative responses in PBMC as described in chapters 2 

to 4.
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FIGURE 5.1: Two colour flow cytometric analysis of 1x10"̂  LDL from clone 1 

depicted as histograms of log fluorescence showing predominance of the CD4+ 

fraction. (A) Mouse IgGi FITC and mouse IgGia PE double negative isotype 

control. (B) FITC anti-CD3 and PE anti-CD4. (C) FITC anti-CD3 and PE anti- 

CD8 . (D) FITC anti-CD3 and PE anti-CD16.
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depicted as histograms of log fluorescence showing predominance of the CD4+ 
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‘clone’ 4 depicted as histograms of log fluorescence showing a mixed 
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123



Chapter 6

ABSENCE OF ANTI-ENVELOPE ANTIBODIES AND 

CLEARANCE OF HEPATITIS C VIRUS IN A COHORT OF 

IRISH WOMEN INFECTED IN 1977

6.1 INTRODUCTION

Antibodies to the second envelope protein may appear as the first serological 

markers in acute HCV infection and appear to persist in chronic infection. 

However, detection of anti-E2 has been hampered by the lack of suitable 

antigens. The E2 glycoprotein has recently been expressed in Chinese 

hamster ovary (CHO) cells, purified and used to develop an anti-E2 enzyme 

immunoassay (Lesniewski et al. 1995).

Anti-E2 has been found in over 95% of HCV RNA positive patients.

It appears that quantitative levels of this antibody correlate with the level of 

viraemia (Yuki et al. 1996; Leon et al. 1996). Serial analysis of sera taken 

from patients infected with HCV who have undergone successful anti-viral 

treatment with interferon alpha indicates that anti-E2 may disappear following 

therapy (Yokosuka etal. 1993; Saracco et al. 1994).

The aims of this study were to determine the prevalence of anti-E2 in 

stored sera taken from a cohort of anti-HCV positive Irish women who were 

all infected by HCV genotype lb in 1977. In this study I evaluated whether 

the absence of anti-E2 distinguished patients who had spontaneous resolution 

of HCV infection from those with persistent disease.
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6.2 PATIENT DETAILS

Evaluation of the anti-E2 assay was carried out on stored sera from 87 anti- 

HCV positive Irish women who were infected by HCV genotype lb  from 

contaminated anti-D immunoglobulin given in 1977 (Power et al. 1995). All 

women were positive for anti-HCV antibodies by ELISA-3. HCV RNA was 

estimated using nested PCR with primers directed towards the 5’ non-coding 

region of HCV (Okamoto et al. 1990). Sixteen sera were from women who 

were RIBA-2 and HCV RNA positive (group 1). Fifty sera were from women 

who were who were reactive on RIBA testing but repeatedly negative for 

HCV RNA (group 2). Twenty one sera were from women who had normal 

liver function tests, indeterminate RIBA and who were repeatedly negative on 

testing for HCV RNA (group 3) (table 6.1).

Number of sera tested RIBA HCV 2.0 
(Chiron)

HCV
RNA

Group 1 16 positive positive
Group 2 50 positive negative
Group 3 2 1 indeterminate negative

Table 6.1: Serological stratification of samples.
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6.3 ANTI-E2 ASSAY

Purified HCV E2 antigen produced from CHO cells was supplied coated onto 

polystyrene beads. Human serum or plasma was diluted into specimen 

diluent and incubated with the bead. Antibody to E2 bound to the bead and 

unbound materials were removed with washing. Bound immunoglobulins 

(mainly IgG) were then detected by subsequent incubation with horseradish 

peroxidase labelled goat antibody to human IgG and development with o- 

phenylenediamine-2HCl (OPD). The oxidised OPD generated an orange- 

yellow colour proportional to the amount of anti-E2 bound. After stopping 

the reaction with IN H2SO4, the colour intensity was read 

spectrophotometrically at 492nm (Quantum II). Samples were assayed either 

neat or at various dilutions (1:20, 1:400) and anti-E2 concentrations were 

extrapolated from a standard curve generated from a set of five provided 

calibrated samples.

6.4 RESULTS

All 16 sera (100%) from patients in group 1 had high titres of anti-E2 

antibodies (median value 5.61 x 10  ̂ arbitrary anti-E2 units/ml). In group 2, 

31/50 sera (62%) were above the cut-off for anti-E2 antibodies (median value 

4.26 X 10  ̂units/ml). However in group 3, only 3/21 sera (14%) were positive 

for anti-E2 antibodies (median value 31 units/ml). The concentration of anti- 

E2 was significantly lower (p<0.0001) in groups 2 and 3 when each was 

compared to group 1 (one-way analysis of variance, Kruskal-Wallis test) 

(figure 6 .1).
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6.5 CONCLUSIONS

A proportion of patients tested for HCV antibodies will have an indeterminate 

reaction on a confirmatory RIBA test despite testing positive by ELISA. In 

such patients who are persistently HCV RNA negative, and who lack other 

supportive evidence of hepatic dysfunction, the lack of confirmation may 

indicate a false-positive ELISA (Tobler et al. 1994). Demonstration of 

additional specific antibodies to HCV in this situation should reveal those 

patients who have persistent infection with HCV.

The recombinant anti-E2 used in our study is derived from a type la  

genotype of HCV, and the patients tested from the Irish cohort are known to 

have been infected with type lb  HCV from contaminated anti-D 

immunoglobulin. The presence of high levels of HCV anti-E2 antibodies in 

our viraemic patients therefore confirms that there is no loss of activity of the 

anti-E2 assay across subtypes la  and lb. This suggests that there are likely to 

be conserved E2 epitopes among type la  and type lb viruses as previously 

described (Lesniewski et al. 1995).

All the Irish women tested for HCV antibodies and HCV RNA in the 

above study have a documented exposure to HCV, yet a proportion of these 

individuals appear to have cleared the virus and have no histological evidence 

of liver damage. In this group we have shown that a high proportion of anti- 

HCV positive women with past exposure to HCV, but indeterminate RIBA 

who are persistently HCV RNA negative are also anti-E2 negative.

Lack of anti-E2 in patients who have cleared HCV poses questions 

regarding the role of neutralizing antibodies directed towards the envelope
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region of HCV. It is possible that successful antibody binding to the 

underlying viral protein may occur in some patients infected with HCV 

leading to viral clearance. The presence of neutralizing epitopes within E2 has 

been suggested in part by the use of bindings assays that measure the 

attachment of recombinant envelope proteins to mammalian cells. (Rosa et al. 

1996).

Our study indicates that in those individuals who clear HCV, anti-E2 

eventually disappears from the serum after a period of time. This is in 

marked contrast to a related flavivirus, HGV (or GBV-C) where absence of 

anti-E2 correlates with viraemia. Furthermore the presence of anti-E2 

antibodies is associated with loss of detectable HGV RNA and recovery from 

HGV infection (Tacke et al. 1997). The fundamental differences in the role 

of anti-E2 in HCV and HGV infection may relate to the different degrees of 

glycosylation of the envelope protein of each virus (Jarvis et al. 1996).

In summary loss or absence of anti-E2 may be useful in confirming 

clearance of HCV and a state of ‘immunity’ in patients who have been 

previously exposed to HCV. Proof of loss of infectivity in the Irish women 

will need to be ascertained by ongoing look-back studies of transmission of 

HCV by blood transfusion.
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Chapter 7 

CONCLUSIONS

Advances in molecular biology have enabled knowledge about viral hepatitis to 

increase remarkably over the past thirty years. It has been discovered that in 

addition to hepatitis A and B that there are at least three other hepatitis agents (C 

to E) with the promise of others in the wings which await full characterization (F, 

G and onwards). One problem related to the rapidity with which these newer 

agents have been identified is that the spectrum of the diseases which they cause 

and their long-term consequences trail behind their serological detection and 

identification as distinct virological entities.

There is now good epidemiological evidence that chronic hepatitis C has a 

clinical course which may extend over three to four decades. The persistent nature 

of this virus therefore has important health economic implications for both 

developed and developing countries. That serious complications of chronic HCV 

infection occur is widely accepted, however whether these complications occur in 

all infected individuals remains unclear at the present time.

Differences in host immunological responses is one of several factors 

which may influence the outcome of HCV infection and determine the success of 

any therapeutic intervention. The presence of strong core and NS3-specific CD4 

positive T-helper cell responses have already been described in association with 

recovery from acute HCV infection, however more information is required as to 

why cellular immune responses fail to clear infection in the majority of cases.
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That chronic HCV may exist in the total absence of clinical signs or 

biochemical markers of hepatitis means that recovery from infection or success of 

treatment must currently be defined by quantitation of viraemia. Chronically 

infected individuals produce antibodies against multiple HCV proteins but as yet 

a definitive pattern or titre has not been linked to recovery from infection.

With all this in mind, an attempt has been made in this thesis to study 

some aspects of cellular and humoral immunity in HCV infection.

Using recombinant HCV antigens, CD4+ T lymphocyte proliferative 

responses were examined prospectively in a cohort of patients with chronic HCV 

infection treated with ribavirin and interferon alpha. Comparative studies were 

undertaken in uninfected controls, untreated HCV-infected patients and also in 

patients previously treated with interferon alpha. This study indicated that 

baseline CD4+ T lymphocyte proliferative responses to recombinant HCV 

antigens failed to predict initial treatment response to anti-viral therapy in patients 

chronically infected with HCV. However, anti-viral treatment with both interferon 

alpha and ribavirin suppressed CD4+ T lymphocyte proliferative responses and in 

some cases these responses increased after treatment was withdrawn.

These studies are currently in contrast to similar studies carried out in 

patients treated with interferon alpha monotherapy. In the majority of these 

studies induction of CD4+ proliferative responses occurs during rather than after 

interferon therapy. The immunological interactions of interferon alpha and 

ribavirin are currently poorly understood, but may explain the differences 

observed in our study. Other workers in this area have also suggested that delayed 

activation of CD4+ proliferation and decreased HCV antibody levels may occur

131



in patients treated with combination therapy. They suggest that these effects may 

be related to the immune modulatory and anti-viral effects of interferon alpha and 

ribavirin (Zhang et al. 1997).

Our study may be criticised as proliferation assays were performed on 

thawed rather than fresh PBMC preparations. Freeze-thaw cycles are known to 

reduce proliferation of PBMC in vitro. These studies were also reported without 

concurrent cytokine data. This data was collected by others and will be reported 

separately. In addition the long-term follow-up is currently limited and beyond the 

time constraints of this thesis. It is hoped that follow-up data will be presented as 

it becomes available.

CD4+ T lymphocyte proliferative responses to recombinant HCV antigens 

were examined in cloned intrahepatic lymphocytes. CD4+ T lymphocytes were 

cloned from liver biopsy material from anti-HCV positive patients; however these 

cells showed poor viability in proliferation assays. CD4+ T lymphocytes were 

also obtained from explanted liver tissue, however it proved impossible to obtain 

enough cells for functional analysis.

These studies illustrate some of the technical difficulties encountered in 

the study of intrahepatic cellular immune responses in end stage liver disease. 

Rapid advances in this area may only be possible once high titre production of 

HCV in tissue culture becomes feasible.

The study of anti-E2 antibodies in some of the HCV-positive women 

infected with contaminated anti-D immunoglobulin has confirmed that anti-E2 

antibodies can be universally detected in patients who are HCV RNA positive. In 

those patients who are RIBA indeterminate and HCV RNA negative, anti-E2
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antibodies are nearly always absent. The application of the HCV anti-E2 assay 

may therefore be to help distinguish viral clearance from ongoing infection 

together with assessments of viral load.

In summary, the advent of successful combination anti-viral therapy in 

HIV opens the door for a similar approach in hepatitis C virus infection. The 

mechanisms which control the host immune response in this disease are at an 

early stage of characterisation; however it would appear that success of anti-viral 

therapy in HCV infection may depend on successful induction of cellular immune 

responses particularly of the CD4+ phenotype.

A better understanding of the immunopathogenesis of HCV through 

studies such as those included in this thesis therefore offers the greatest chance to 

understand the mechanisms underlying viral clearance. The development of both 

an effective vaccine and anti-viral therapy for this important disease will depend 

on further studies in this direction.
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Appendix 1

UNIVARIATE AND MULTIVARIATE ANALYSES OF

BASELINE DATA WITH TREATMENT RESPONSE AFTER

SIX WEEKS OF THERAPY

A. SUMMARY OF BASELINE STATISTICS

Responder at six weeks 

Non-responder at six weeks

13 (36%) 
23 (64%)

Male

Female

23 (64%) 
13 (36%)

Genotype 1

la

lb

2

3

2 (7%)

7 (23%)

9 (30%)

2 (7%)

10 (33%)
6 missing values

Route of infection IVDU

Blood

Sexual

Other

Unknown

18 (50%) 
8 (22%) 

2 (6%) 

2 (6%)

6 (17%)

Treatment group Ribavivin
Interferon
Combination

12 (33%) 
12 (33%) 
12(33%)
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Histology scores Piecemeal necrosis 10 (30%) 

20 (60%) 

0 (0%)

3 (9%)

Lobular inflammation 1
29 (88%)

0 (0%) 
3 / Û 0 .

Portal inflammation 1 (3%)

22 (67%) 

0 (0%)

10 (30%)

Bridging fibrosis 7 (21%)

20 (61%)

0 (0%) 
6(18%)

Age (yrs) Median 39.5 

Range 19-59

Mean 39.4 

SD8.15

Total histology score Median 4 

Range 0-12

Mean 4.8 

SD 2.51

Day 1 ALT 

(RJ/1)

Median 76 

Range 16-249

Mean 98.5 

SD 62.9

Day 1 HCV RNA 

(gen.equ/ml)

Median 4.2 x 10  ̂ Mean 5.2 x 10^

Range 500 - 3 x 10  ̂ SD 5.9 x 10̂

Week 6 ALT (n=36) Median 34 Mean 48.8
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(IU/1) Range 17-158 SD 36.02

Week 6 HCV RNA (n=36) Median 4.1 x 10‘

(gen.equ/ml) Range <100 - 5 x 10

Pre-combination ALT (n=31)Median 55 Mean 107

(IU/1) Range 13-402 SD 103.82

Pre combination HCV RNA (n=l 1) Median 1.7 x 10̂

(gen.equ/ml) Range < 100 - 7.3 x 10

B. UNIVARIATE RELATIONSHIPS WITH TREATMENT 
RESPONSE AT SIX WEEKS

Using Chi-squared approach

Gender p=1.00 (Fisher’s exact test)

Genotype p=0.004 (Fisher’s exact test)

Route of infection p=0.33 (Fisher’s exact test)

Treatment allocation p=0.001 (Fisher’s exact test)

Piecemeal score p=0.74 (Fisher’s exact test)

Lobular score p=1.00 (Fisher’s exact test)

Portal score p=0.04 (Fisher’s exact test)

Bridging score p=0.76 (Fisher’s exact test)

Age p=0.50 (Wilcoxon)

Total score p=0.27 (Wilcoxon)

Day 1 ALT p=0.05 (Wilcoxon)

Day 1 RNA p=0.88 (Wilcoxon)
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c. MULTIVARIATE ANALYSIS WITH TREATMENT RESPONSE 
AT SIX WEEKS

Variables entered: Genotype (1 vs. others)

Infection route (IVDU vs. others)

Treatment allocation (combination vs. others) 

Portal inflammation 

Day 1 ALT

Results:
response

Genotype 3 is only significant independent marker of
(p=0.002)
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STATISTICAL ANALYSIS OF RESULTS OF 
PROLIFERATION ASSAYS

D. COMPARISON OF BASELINE SI VALUES IN TREATMENT 
RESPONDERS VERSUS NON-RESPONDERS AT SIX WEEKS.

Using the Wilcoxon rank sum test

HCV
antigen

p-vaiue

Core 
NS3 
NS4 

NS5-12 
NS5-4 

Tet Tox

p=0.24
p=0.99
p=0.62
p=0.64
p=0.70
p=0.99

E. COMPARISON OF BASELINE SI VALUES IN GENOTYPE 1 
VERSUS NON-GENOTYPE 1 INFECTED PATIENTS.

Using the Wilcoxon rank sum test

HCV
antigen

p-value

Core 
NS3 
NS4 

NS5-12 
NS5-4 

Tet Tox

p=0.16
p=0.25
p=0.55
p=0.38
p=0.36
p=0.92
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F. PROLIFERATIVE RESPONSES DURING FIRST SIX WEEKS OF 
THERAPY - COMPARISON OF SI VALUES

Using the Kruskal -Wallis one-way analysis of variance for non-parametric 
data.

HCV
Antigen

Day of 
assay

n SI Non-responders p-value n SI Responders p-value p-value
overall

Core D1 23 1.4 (0.5-11.1) 13 1(0.7-11.1)
W6 22 1.25 (0.5-3.1) 13 1.5 (0.3-5.1)

Wash 19 3.3 (0.4-16.5) p=0.007 7 1.5 (0.5-2.7) p=0.74 p=0.07
NS3 D1 23 3.3 (0.7-23) 13 3(1-19.8)

W6 22 2.2 (1-34.3) 13 3.7 (0.6-16.4)
Wash 19 2.7 (0.9-28.7) p=0.55 7 3.4(1.4-19.2) p=0.85 p=0.56

NS4 D1 23 4.6(0.9-43) 13 3.1 (1-27.3)
W6 22 2.6(1.3-17.4) 13 3.7(1.2-7.1)

Wash 19 3.6(1.1-26.8) p=0.31 7 2.7 (2-14.8) p=0.71 p=0.23
NS5-12 D1 23 3.7(1-33.5) 13 5.7(1.6-64.5)

W6 22 2.65(1.3-22.1) 13 3(1.5-12.4)
Wash 19 4(1.2-28.9) p=0.42 7 3(1 .6  49.9) p=0.26 p=0.12

NS5-4 D1 23 3 .6 (1 .5 -26 .2 ) 13 4.3 (2-22.1)
W6 22 3.2(1.2-13.2) 13 3.3(1.3-20.9)

Wash 19 3(1.3-30.6) p=0.40 7 2.5(1.5-10.3) p=0.36 p=0.15
Tet tox D1 23 7.5 (1-102.2) 13 4.8(1.7-421.1)

W6 22 4.8(1.2-76.7) 13 14(1.2-135.3)
Wash 19 7.6 (0.9-78.7) p=0.90 7 3.8 (2-78.3) p=0.98 p=0.97
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G. PROLIFERATIVE RESPONSES DURING FIRST SIX WEEKS OF THERAPY - COMPARISON IN TREATMENT GROUPS

Using the Kruskal -Wallis one-way analysis of variance for non-parametric data.

HCV
Antigen

Day of  
assay

n Ribavirin p-value n Interferon n Combination p-value p-value
overall

Core D1 12 1.4 (0.5-11.1) 12 1.4 (0.7-9.0) 12 1.3 (0.5-11.1)
W6 11 1.1 (G.5-3.1) 12 1.1 (0.3-4.3) 12 1.7 (0.7-5.1)

Wash 9 3.6 (0.6-16.5) p=0.20 9 2.7 (0.4-11.0) p=0.24 8 1.9 (0.7-4.1) p=0.71 p=0.07
NS3 D1 12 3.5(1.1-23.0) 12 2.2 (0.7-16.2) 12 3.3(1.0-19.8)

W6 11 2.3 (1.0-7.0) 12 2.3(1.0-34.3) 12 2.5 (0.6-8.7)
Wash 9 3.0 (0.9-28.7) p=0.69 9 4.0 (2.2-14.5) p=0.56 8 2.3(1.4-19.2) p=0.58 p=0.56

NS4 D1 12 4.2(1.5-43.0) 12 4.8(1.0-23.0) 12 2.9 (0.9-27.3)
W6 11 5.5(1.3-17.4) 12 2.6(1.4-11.4) 12 2,6 (1.2-5.6)

Wash 9 4.4(1.1-26.8) p=0.97 9 5.3 (2.0-19.6) p=0.33 8 2.5(1.3-14.8) p=0.49 p=0.23
NS5-12 D1 12 4.3 (1.2-33.5) 12 3.9(1.6-13.8) 12 4,5 (1.0-64.5)

W6 11 4.4(1.3-6.8) 12 2.7(1.5-22.1) 12 2.9 (2.0-12.4)
Wash 9 4.2 (1.2-28.9) p=0.60 9 3.9 (2.0-9.1) p=0.60 8 3.4(1,5-49.9) p=0.23 p=0.12

NS5-4 D1 12 5.3 (1 .5 -26 .2 ) 12 4.0 (2.0-15.9) 12 4.3(1.5-22.1)
W6 11 4.2(1.8-13.2) 12 2.7(1.8-20.9) 12 3.3 (1.2-5.7)

Wash 9 3.8 ( 1.5-30.6) p=0.66 9 2.5(1.5-12.8) p=0.72 8 2.6(1.3-9.5) p=0.20 p=0.15
Tet tox D1 12 13.5(1.0-102.2) 12 3.4(1.1-46.2) 12 6.2(1.0-421.1)

W6 11 7.5 (2.1-61.5) 12 4.0(1.2-43.4) 12 7.2(1.2-135.3)
Wash 9 7.6 (0.9-78.7) p=0.92 9 3.8(2.0-17.9) p=0.83 8 7.6(1.6-78.3) p=0.98 p=0.97
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H. PROLIFERATIVE RESPONSES DURING FIRST SIX WEEKS OF 
THERAPY - COMPARISON IN RESPONSE GROUPS
- CHANGES FROM BASELINE

Using the Wilcoxon signed rank test for non-parametric data.

HCV
Antigen

Day of  
assay

n SI Non-responders p-value n SI Responders p-value p-value
overall

Core D1 0 0
W6 22 -0.6 (-8.0 —1.6) p=0.02 13 -0.1 (-9 .3 -4 .2 ) p=1.00 p=0.09

Wash 19 0.7 (-7 .5 -9 .? ) p=0.42 7 -0.2 (-9 .1 -1 .2 ) p=0.47 p=0.70
NS3 D1 0 0

W6 22 0 (-14 .4 -19 .5 ) p=0.47 13 -0.9 (-16 .1 -14 .0 ) p=0.48 p=0.26
Wash 19 0.1 (-1 4 .0 -5 .7 ) p=0.44 7 0.4 (-11 .3 -13 .5 ) p=1.00 p=0.49

NS4 D1 0 0
W6 22 -1.2 (-25 .6 -5 .3 ) p=0.03 13 -0.4 (-2 4 .5 -3 .3 ) p=0.34 p=0.02

Wash 19 -0.8 (-33 .2 -14 .9 ) p=0.28 7 -1.4 (-12 .5 -11 .4 ) p=0.58 p=0.21
NS5-12 D1 0 0

W6 22 -0.8 (-2 5 .2 -8 .3 ) p=0.08 13 -2.0 (-5 2 .1 -2 .5 ) p=0.05 p=0.005
Wash 19 -0.5 (-27 .5 -1 .8 ) p=0.19 7 -3.7 (-1 4 .6 -4 .2 ) p=0.16 p=0.03

NS5-4 D1 0 0
W6 22 -1.0 (-1 3 .6 -2 .4 ) p=0.08 13 -1.2 (-18 .4 -18 .4 ) p=0.37 p=0.04

Wash 19 -0.4 (-23 .8 -9 .2 ) p=0.37 7 -2.8 (-1 7 .4 -8 .2 ) p=0.16 p=0.09
Tet tox D1 0 0

W6 22 0.1 (-37 .0 -63 .7 ) p=0.75 13 -0.1 (-285 .8 -41 .5 ) p=0.68 p=0.64
Wash 19 -0.5 (-63 .7 -32 .1 ) p=0.44 7 0.2 (-1 1 .2 -5 .3 ) p=0.94 p=0.45
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L PROLIFERATIVE RESPONSES DURING FIRST SIX WEEKS OF THERAPY - COMPARISON IN TREATMENT GROUPS
- CHANGES FROM BASELINE

Using the Wilcoxon signed rank test for non-parametric data.

HCV
Antigen

Day of 
assay

n Ribavirin p-value n Interferon n Combination p-value p-value
overall

Core D1 0 0 0
W6 11 -0.3 (-8 .0 -1 .6 ) p=0.28 12 -0.5 (-7 .1 -3 .6 ) p=0.09 12 -0.3 (-9 .3 -4 .2 ) p=0.72 p=0.09

Wash 9 1.6 (-7 .5 -6 .2 ) p=0.32 9 -0.6 (-5.2 — 9,7) p=0.57 8 -0.2 (-9 .1 -2 .8 ) p=0.64 p=0.70
NS3 D1 0 0 0

W6 11 -0.1 (-1 1 .6 -3 .1 ) p=0.40 12 0.6 (-14 .4 -19 .5 ) p=0.85 12 -1.1 (-1 6 .1 -4 .1 ) p=0.17 p=0.26
Wash 9 0.1 (-1 4 .0 -5 .7 ) p=0.73 9 -0.2 (-11 .4 -13 .5 ) p=0.65 8 0.4 (-6 .5 -0 .6 ) p=0.77 p=0.49

NS4 D1 0 0 0
W6 11 -0.8 (-2 5 .6 -5 .3 ) p=0.48 12 -1.3 (-21 .6 -3 .3 ) p=0.23 12 -1.7 (-2 4 .5 -2 ,2 ) p=0.04 p=0.02

Wash 9 -1.3 (-3 3 .2 -2 .5 ) p=0.26 9 -1.4 (-20 .0 -14 .9 ) p—0.82 8 -0.4 (-1 2 .5 -6 .0 ) p=0.55 p=0.21
NS5-12 D1 0 0 0

W6 11 -1.3 (-2 5 .2 -4 .3 ) p=0.05 12 0 (-4 .8 -8 .3 ) p=0.78 12 -2.3 (-5 2 .1 -2 .8 ) p=0.02 p=0.005
Wash 9 -1.2 (-2 7 .5 -1 .8 ) p=0.16 9 -0.9 (-9 .7 -1 .7 ) p=0.20 8 -0.8 (-1 4 .6 -4 .2 ) p=0.46 p=0.03

NS5-4 D1 0 0 0
W6 11 -0.4 (-1 3 .0 -2 .4 ) p=0.29 12 -0.6 (-13 .6 -18 .4 ) p=0.59 12 -1.9 (-1 8 .4 -2 .4 ) p=0.09 p=0.04

Wash 9 -0.4 (-2 3 .8 -5 .5 ) p=0.35 9 -1.8 (-1 3 .4 -9 .2 ) p=0.95 8 -1.9 (-1 7 .4 -6 .6 ) p=0.15 p=0.09
Tet tox D1 0 0 0

W6 11 0.2 (-25 .7 -20 .5 ) p=0.83 12 -0.5 (-37 .0 -41 .5 ) p=0.91 12 -0.1 (-285 .8 -63 .7 ) p=0.68 p=0.64
Wash 9 -1.0 (-63 .7 -32 .1 ) p=0.21 9 -4.0 (-34 .8 -16 .8 ) p=0.30 8 3.1 (-9 .5 -3 1 .2 ) p=0.22 p=0.45

170



J. COMPARISON OF BASELINE SI VALUES IN TREATMENT 
RESPONDERS VERSUS NON-RESPONDERS AT SIX MONTHS.

Using the Wilcoxon rank sum test

HCV
antigen

p-value

Core 
NS3 
NS4 

NS5-12 
NS5-4 

Tet Tox

p=0.32
p=0.98
p=0.25
p=0.55
p=0.32
p=0.78

K. PROLIFERATIVE RESPONSES DURING EXTENDED THERAPY 
- COMPARISON OF SI VALUES

Using the Kruskal -Wallis one-way analysis of variance for non-parametric 
data.

HCV
Antigen

Day of 
assay

n SI Non-responders p-value n SI Responders p-value p-value
overall

Core Wash 9 1.9 (0.4-11) 11 2.7 (0.5-16.5)
3/12 5 1.4(1.1-3.8) 11 1.3 (0.8-6.9)
6/12 5 2.7(1.4-4.22) p=0.53 10 2.4 (0.6-3.7) p=0.63 p=0.53

NS3 Wash 9 1.9 (0.9-11) 11 3.3 (2.2-28.7)
3/12 5 1.8 (1.3-4) 11 2.1 (0.7-6.5)
6/12 5 1.7(1.1-3.7) p=0.83 10 2.1 (0.7-5) p=0.03 p=0.14

NS4 Wash 9 2.6(1.1-8.1) 11 7 (2-26.8)
3/12 5 1.8 (1.2-3.1) 11 3.2 (0.8-8.4)
6/12 5 2.7(1.3-3.8) p=0.59 10 2.85 (0.9-8.6) p=0.09 p=0.20

NS5-12 Wash 9 2.7(1.2-9.1) 11 4.2 (2-49.9)
3/12 5 2.5(1.9-3.5) 11 2.4(1.2-5.4)
6/12 5 2.3 (1.4-3.23) p=0.71 10 2.5(1.2-7.2) p=0.07 p=0.09

NS5-4 Wash 9 2.5 ( 1.3-12.8) 11 5.4(1.5-30.6)
3/12 5 2.3 (1.8-3.4) 11 2.3(1.1-7.3)
6/12 5 2.8 (2.3-6) p=0.65 10 2.5(1.5-3.4) p=0.02 p=0.12

Tet tox Wash 9 3.8(1.3-44.2) 11 7.5 (0.9-78.7)
3/12 5 7.3(1.6-83.2) 11 4.7(1-176.3)
6/12 5 3.3 (1-29.7) p=0.81 10 6.3 (0.9-447.2) p=0.94 p=0.94
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L. PROLIFERATIVE RESPONSES DURING EXTENDED THERAPY - 
COMPARISON OF SI VALUES
CHANGES FROM BASELINE

Using the Wilcoxon signed ranks test for non-parametric data.

HCV
Antigen

Day of  
assay

n SI Non-responders p-value n SI Responders p-value p-value
overall

Core Wash 0 0
3/12 4 -1.3 (-9 .6 -2 .0 ) p=0.38 9 -0.1 (-6 .3 -4 .9 ) p=0.73 p=0.33
6/12 4 0.9 ( -8 .7 -1 .4 ) p=0.88 8 -1.0 (-1 2 .8 -1 .9 ) p=0.37 p=0.53

NS3 Wash 0 0
3/12 4 -0.2 (-9 .3 -0 .3 ) p=0.63 9 -1.5 (-1 7 .9 -3 .5 ) p=0.30 p=0.11
6/12 4 0.3 (-0 .9 -0 .7 ) p=0.88 8 -1.7 (-2 5 .7 -0 .5 ) p=0.02 p=0.03

NS4 Wash 0 0
3/12 4 -2.0 (-5.0 —0.1) p=0.13 9 -1.9 (-1 5 .3 -6 .4 ) p=0.11 p=0.03
6/12 4 -0.4 (-5 .4 -0 .7 ) p=0.63 8 -4.0 (-2 3 .9 -4 .8 ) p=0.06 p=0.02

NS5-12 Wash 0 0
3/12 4 -1.2 (-7 .2 -1 .2 ) p=0.38 9 -0.8 (-4 7 .9 -2 .4 ) p=0.50 p=0.27
6/12 4 0.3 (-1 .9 -0 .7 ) p=0.88 8 -3.9 (-4 7 .1 -5 .2 ) p=0.11 p=0.13

NS5-4 Wash 0 0
3/12 4 -2.2 (-9 .4 -2 .1 ) p=0.63 9 -3.3 (-8 .4 -4 .3 ) p=0.04 p=0.03
6/12 4 0.4 (-1 0 .0 -2 .3 ) p=1.00 8 -6.6 (-28.3 -  0.9) p=0.02 p=0.03

Tet tox Wash 0 0
3/12 4 -0.2 (-0 .8 -2 0 .3 ) p=1.00 9 -0.2 (-29 .8 -37 .0 ) p=1.00 p=0.92
6/12 4 -3.0 (-1 4 .8 -3 .0 ) p=0.38 8 -6.5 (-5 5 .4 -5 .9 ) p=0.08 p=0.03
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Appendix 2

SERIAL PROLIFERATION RESPONSES TO INDIVIDUAL 

HCV ANTIGENS AND TETANIS TOXOID IN 

TREATMENT RESPONDERS AND NON-RESPONDERS.

(See following pages)

Six week response is defined as a drop in serum HCV RNA by two orders of 

magnitude.

Extended treatment response is defined as HCV RNA negative after 3 to 6 

months of combination therapy.

M = missed, WD = withdrawn.
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6 week Extended Rx Pt Assay day CORE NS3 NS4 NS5-12 NS5-4 TETTOX
response response no. (SI) (SI) (SI) (SI) (SI) (SI)

NR NR 1 D1 1.00 1.60 0.90 1.00 1.50 1.00
W6 2.00 2.60 3.10 3.80 3.90 2.20

WASH 1.70 1.90 2.30 2.50 2.80 2.30
3/12 R+IFN M M M M M M
6/12 R+IFN 2.70 2.60 2.80 2.80 2.70 1.00
3/12 POST 3.6 1.4 3.1 4.3 3.3 1.2

NR WD 2 D1 0.50 1.80 2.70 4.90 3.40 2.10
W6 1.00 1.90 3.00 4.40 5.30 3.30

WASH 1.20 1.90 3.20 4.40 3.00 2.20
R NR 3 D1 0.90 1.20 1.00 1.60 2.00 3.30

W6 0.70 1.70 1.90 1.50 2.00 18.10
R NO DATA 4 D1 3.00 3.00 1.90 2.80 4.20 1.70

W6 2.10 1.70 3.00 3.00 2.60 1.60
NR NR 5 D1 1.30 3.60 2.10 1.90 2.50 16.60

W6 1.00 6.70 1.30 1.30 4.90 10.90
WASH M M M M M M

3/12 R+IFN M M M M M M
6/12 R+IFN WD WD WD WD WD WD
3/12 POST 5.6 5.2 6.00 3.60 2.80 32.20

NR NR 6 D1 1.30 0.70 1.50 2.30 3.60 1.10
W6 1.20 1.30 1.70 2.40 2.00 1.80

WASH 11.00 2.50 8.10 4.00 12.80 17.90
3/12 R+IFN 1.40 2.80 3.10 3.50 3.40 38.20
6/12 R+IFN 2.3 1.6 2.7 2.1 2.8 3.1

NR R 7 D1 9.00 1.80 4.70 4.40 6.20 3.50
W6 1.90 1.00 2.50 1.60 1.90 1.50

WASH 3.80 2.30 19.60 5.10 12.00 10.70
3/12 R+IFN 1.30 5.80 4.30 5.30 7.30 6.30
6/12 R+IFN 2.4 1.7 2.1 2.2 2.6 2.3
3/12 POST 5.1 9.6 6.3 3.9 2.3 19.2

R NR 8 D1 3.00 1.00 3.10 4.30 2.00 3.00
W6 1.50 1.00 1.20 2.30 3.30 3.40

WASH 1.90 1.40 2.60 1.60 1.70 7.90
3/12 R+IFN M M M M M M
6/12 R+IFN 3.3 1.7 1.3 2.3 4 3.3

NR NR 9 D1 1.60 1.10 2.40 2.40 1.90 1.80
W6 1.00 1.00 1.30 2.30 1.90 2.30

WASH 0.60 0.90 1.10 1.20 1.50 1.30
3/12 R+IFN M M M M M M
6/12 R+IFN 1.40 1.10 1.80 1.40 2.30 4.30
3/12 POST 6.1 2.9 1.9 2.2 1.6 19.4

NR NR 10 D1 1.1 12.40 23.00 12.40 15.90 13.70
W6 0.6 2.00 1.40 9.90 2.30 1.20

WASH 2.4 4.30 3.00 2.70 2.50 3.80
3/12 R+IFN - - - - - -

6/12 R+IFN - - - - - -

R R 11 D1 0.80 4.90 7.20 13.30 4.30 421.10
W6 0.70 1.90 4.00 5.60 5.70 135.30

WASH M M M M M M
3/12 R+IFN 2.80 2.60 3.10 2.40 3.10 176.30
6/12 R+IFN 1.9 2.3 0.9 1.3 3 447.2

Subjects 1-11.
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6 week Extended Rx Pt Assay day CORE NS3 NS4 NS5-12 NS5-4 TETTOX
response response no. (SI) (SI) (SI) (SI) (SI) (SI)

NR R 12 D1 1.00 10.10 6.90 13.30 7.40 43.70
W6 1.10 2.10 5.70 5.20 2.80 49.30

WASH 7.20 3.30 4.40 6.90 7.20 75.80
3/12 R+IFN 0.90 1.80 1.40 1.20 1.30 46.00
6/12 R+IFN 0.6 0.7 1.2 1.2 1.5 35.75

R R 13 D1 0.90 19.80 27.30 64.50 17.20 2.30
W6 5.10 3.70 2.80 12.40 1.90 1.70

WASH 0.70 19.20 14.80 49.90 9.50 7.50
3/12 R+IFN 0.90 1.30 2.00 2.00 2.10 1.00
6/12 R+IFN 1.4 1.8 2.1 2.8 2 2.9

NR NR 14 D1 2.2 14.8 16.80 13.80 14.40 3.30
W6 1.7 34.3 11.40 22.10 9.14 2.20

WASH 0.4 11 6.20 9.10 7.30 2.80
3/12 R+IFN 2.4 1.7 2.40 1.90 2.20 2.00
6/12 R+IFN - - - - - -

NR NO DATA 15 D1 1.40 18.60 43.00 32.00 26.20 17.30
W6 1.60 7.00 17.40 6.80 13.20 3.30

WASH 0.70 4.60 9.80 4.50 2.40 3.50
R R 16 D1 1.12 1.00 2.00 2.70 2.10 1.80

W6 1.10 6.00 3.70 3.00 3.70 2.00
WASH 0.50 14.50 13.40 3.90 10.30 2.00

3/12 R+IFN 1.20 5.20 3.20 2.20 1.90 1.80
6/12 R+IFN 2.4 5 8.6 1.5 2.3 1.3

NR NO DATA 17 D1 1.30 1.70 1.50 1.20 1.50 7.10
W6 0.50 2.10 6.80 2.10 2.20 4.00

WASH 4.10 2.50 2.60 2.40 1.80 7.60
3/12 R+IFN - - - - - -

6/12 R+IFN - - - - - -

NR NR 18 D1 0.54 1.40 2.00 3.20 3.20 1.60
W6 1.30 2.30 2.30 2.80 4.20 1.50

WASH 3.30 1.80 1.80 4.30 1.50 1.60
3/12 R+IFN 1.10 1.30 1.60 2.50 2.30 1.60
6/12 R+IFN - - - - - -

NR NO DATA 19 D1 0.56 12.10 7.00 9.40 14.00 87.20
W6 0.56 3.70 4.50 4.40 4.20 61.50

WASH 2.20 3.00 3.60 3.90 3.80 23.50
NR NO DATA 20 D1 4.60 16.2 8.80 5.50 5.60 46.20

W6 0.90 1.80 2.50 1.70 1.80 9.20
WASH 3.20 4.80 2.50 4.60 1.80 11.40

R R 21 D1 11.10 10.60 11.10 13.10 13.60 11.60
W6 1.80 3.00 5.60 3.50 3.60 19.30

WASH 2 4.1 2.3 3 2.3 2.1
3/12 R+IFN 6.9 1.8 3.3 5.4 6.6 4.3
6/12 R+IFN - - - - - -

R NO DATA 22 D1 1.00 2.40 1.90 1.70 2.50 1.90
W6 0.30 16.40 5.20 3.60 20.90 43.40

NR NR 23 D1 3.10 3.60 4.30 4.60 3.40 7.50
W6 1.30 1.40 1.60 2.10 1.20 10.90

WASH 4.10 1.70 1.30 1.50 1.30 7.60
3/12 R+IFN 3.80 1.80 1.20 2.70 3.40 7.30
6/12 R+IFN - - - - - -

NR NO DATA 24 D1 0.80 4.90 15.50 14.60 8.00 1.00
W6 2.40 5.60 7.00 6.30 7.60 7.50

Subjects 12-24.
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6 week Extended Rx Pt Assay day CORE NS3 NS4 NS5-12 NS5-4 TETTOX
response response no. (SI) (SI) (SI) (SI) (SI) (SI)

NR R 25 D1 2.00 2.90 2.30 3.40 3.70 10.40
W6 1.30 1.60 2.00 2.10 1.80 8.30

WASH 5.50 3.20 4.80 3.90 5.40 7.60
3/12 R+IFN 5.80 6.50 4.70 4.60 2.10 44.60
6/12 R+IFN - - - - - -

R NO DATA 26 D1 0.70 9.60 15.90 11.10 12.30 24.60
W6 3.80 8.70 4.60 3.00 3.30 14.60

R R 27 D1 0.72 13.50 7.50 5.70 4.30 14.20
W6 4.30 5.10 7.10 8.20 5.90 2.30

WASH 1.10 2.20 2.70 2.00 1.50 3.00
3/12 R+IFN 1.00 0.70 0.80 1.20 1.10 1.40
6/12 R+IFN - - - - - -

R NR 28 D1 0.8 4.8 2.7 11.5 5.2 4.8
W6 1.2 0.6 1.20 2.60 1.30 1.20

NR 29 D1 5.30 4.20 6.10 2.80 2.00 27.30
W6 1.00 1.80 1.80 1.81 2.20 24.34

WASH 3.5 4 5.3 2.6 2 15.2
3/12 R+IFN - - - - - -

6/12 R+IFN - - - - - -

NR NR 30 D1 2.70 3.30 3.80 3.70 3.20 39.10
W6 1.60 2.30 5.50 1.70 5.60 59.6

WASH M M M M M M
3/12 R+IFN 1.40 4.00 1.80 2.40 1.80 83.2
6/12 R+IFN 4.22 3.70 3.80 3.23 6.00 29.7

R R 31 D1 1.60 2.50 2.20 3.10 22.10 73
W6 1.10 3.80 1.90 2.00 3.70 14.8

WASH 1.50 3.00 8.20 7.30 4.70 78.30
3/12 R+IFN M M M M M M
6/12 R+IFN 2.70 2.20 5.90 2.40 2.70 36.40

NR R 32 D1 10.40 23.00 32.40 33.50 25.10 102.20
W6 M M M M M M

WASH 16.50 28.70 26.80 28.90 30.60 78.70
3/12 R+IFN M M M M M M
6/12 R+IFN 3.70 3.00 2.90 3.10 2.30 23.30
3/12 POST 5.6 3.5 4.1 7.3 3.9 14.2

NR R 33 D1 1.40 1.30 4.80 3.40 3.30 2.70
W6 0.80 2.50 2.70 4.70 5.70 5.60

WASH M M M M M M
3/12 R+IFN 0.80 3.10 3.00 1.90 2.30 4.70
6/12 R+IFN 2.40 1.80 2.80 2.60 2.70 2.50

NR R 34 D1 11.10 1.50 4.60 2.40 6.80 1.90
W6 3.10 2.80 7.50 6.70 3.60 2.10

WASH 3.60 2.70 7.00 4.20 4.00 0.90
3/12 R+IFN 3.30 1.60 6.00 3.10 2.50 1.70
6/12 R+IFN 2.90 2.00 4.40 4.60 2.40 0.90
3/12 POST 26 43.9 80.2 47.1 27.3 5.5

NR NR 35 D1 3.00 2.00 2.50 2.30 2.00 13.00
W6 2.10 6.10 1.90 2.50 2.20 76.70

WASH 1.80 2.60 3.50 3.70 8.60 44.20
R R 36 D1 1.50 1.90 3.40 6.40 4.30 7.80

W6 3.00 5.70 6.20 1.60 3.10 14.00
WASH 2.70 3.40 2.00 2.00 2.50 3.80

3/12 R+IFN 2.00 2.10 8.40 3.90 2.40 22.70
6/12 R+IFN 1.50 3.90 6.80 7.20 3.40 9.70
3/12 POST 1.5 1.2 7.8 8.5 5.6 11.4

Subjects 25-36
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