
MEL.

ROY, ...iTÂL





9(Lt c Çî OOO
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Abstract

Genetic predisposition towards antibody nonresponsiveness has been described for many antigens 

in both man and the mouse model. Approximately 5-10% of healthy individuals receiving 

licensed hepatitis B vaccines fail to produce protective levels of antibody following standard 

immunisation protocols. We studied the influence of HLA in 86 true nonresponders (OIU/1) and 

found an association with HLA-DRB 1*0701 (p= <0.001, RR= 3.01) and HLA-DQB1 *02 (p= 

<0.001, RR= 3.08) alleles when compared to 248 controls. Anti-HBs nonresponse was 

significantly associated with the above alleles when found in linkage disequilibrium on the HLA 

haplotype HLA-DRB 1*0701; DQB1 *02 (p= 0.001, RR= 3.58). Upon revaccination with a novel 

hepatitis B vaccine, containing pre-S2, S and immunogenic components of pre-Sl (Hepagene™), 

30 (35%) vaccinees remained anti-HBs nonresponders of which 21 (70%) expressed the HLA- 

DRB 1*0701 (p= <0.001, RR= 6.41) and 24 (80%) the HLA-DQB 1*02 (p= <0.001, RR= 4.89) 

alleles. Our results demonstrated the anti-HBs nonresponse to Hepagene™ was associated with 

the extended HLA- haplotype B44; HLA-DRB 1*0701; DQB 1*0202 (P= <0.001, RR= 5.80). 

From linkage disequilibrium analysis we propose that anti-HBs nonresponse is linked to the 

HLA- DQB 1*0202 allele.

Further analysis of anti-HBs responses revealed significant differences between dose of 

Hepagene™, HLA haplotype and anti-HBs responses in repeatedly ‘S’ vaccinated individuals 

following a single immunisation. Decline in anti-HBs titre between 2-6 months was associated 

with HLA-DRB 1*0701; DQB 1*0202 male individuals (p= 0.02). Anti-HBs and T-cell kinetics 

were investigated in vaccinees receiving low dose (5 or 10|ig/ml) Hepagene™ then revaccinated 

with 20|xg/ml after 12 months. These T-cell frequency studies reflected that T-cell responses 

were associated with kinetics of the response and not the magnitude of the humoral response. 

Analysis of Hepagene™ specific T-cell lines generated from vaccinated individuals indicated 

specificity to both pre-S 1 and pre-S2 peptides from Hepagene™. Determination of the cytokine 

profiles revealed high IFNy, IL-4 but low IL-2 production. We conclude that within this 

population nonresponsiveness is linked to an inherited trait active upon the T-cell repertoire that 

underlies hepatitis B vaccine nonresponse.
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Chapter 1

CHAPTER 1

Introduction

Hepatitis B is the leading cause of acute and chronic hepatitis, cirrhosis and 

hepatocellular carcinoma, worldwide, and accounts for approximately 1 million deaths 

annually (Margolis et aL, 1991). This disease is caused by infection with the hepatitis B 

virus (HBV), which is a small DNA virus with tropism towards the hver of humans and 

higher apes. Exposure to HBV can lead to either an acute or chronic hepatitis. Acute 

hepatitis is asymptomatic in 30-40% of cases but can be prolonged and sometimes fatal 

(Derso et a l,  1978). Chronic HBV infection can be asymptomatic and mild, with an 

insidious infection over years, which can lead to cirrhosis and hepatocellular carcinoma 

(HCC) (Lok and Ma, 1990; Fattovich et a l, 1991). In adults, chronic hepatitis B occurs 

in 3-10% of infected individuals, whereas, approximately 20% of infected children 

become chronic carriers (Boxall et a l, 1991). Parental transmission of HBV carries the 

highest risk, with 90% of exposed neonates becoming chronic carriers (Boxall et a l, 

1991).

To protect individuals from infection. Hepatitis B vaccine programs have been 

implemented effectively worldwide (Whittle et a l, 1991; Whittle et a l,  1995; Chang et 

a l,  1997). Data from the Centers for Disease Control (CDC) indicates that the mortality 

and morbidity from HBV infection is greater than any other vaccine preventable disease. 

However, between 5-10% of immunocompetent subjects vaccinated with licensed 

hepatitis B vaccines do not mount a hepatitis B surface antibody (anti-HBs) response or 

respond poorly and remain susceptible to infection (Hadler et a l, 1986; Wood et a l, 

1993). In order that universal vaccination programs for the eradication of HBV succeed, 

the factors underlying this non-response must be addressed.



Chapter 1

The lack of an anti-HBs response in vaccinated individuals has been attributed to several 

factors including age, smoking and obesity (Roome et a l, 1993; Clements et a l, 1994). 

In addition, certain combinations of HLA molecules have also been identified as genetic 

factors related to nonresponse to hepatitis B vaccination (Craven et a l, 1986). Indeed, 

previous investigations of nonresponse to hepatitis B vaccination have identified 

associations of nonresponders with different human leukocyte antigens (HLA) in 

different ethnic populations (Walker et a l, 1981; Craven et a l, 1986; Marescot et a l, 

1989; Wantanabe et al, 1988, Hatae et al, 1992).

Investigations into an underlying immunological cause of hepatitis B vaccine 

nonresponse have addressed defects in antigen presentation (Desombere et a l, 1995; 

Salazar et a l,  1995), specific cellular suppression (Matsushita et a l, 1987; Ottenhoff et 

a l,  1990; Watanabe et a l, 1990; Kamikawaji et a l,  1991; Hatae et a l,  1992) and 

deletion of hepatitis B surface antigen specific T-cells (Alper, 1995). The most striking 

and consistent relationship is between HLA and hepatitis B vaccine nonresponse (Alper 

et a l, 1989; Kruskall et a l, 1992; Hatae et a l, 1992; Hsu et a l, 1993; Desombere et a l, 

1995). The HLA antigens are central in antigen presentation (CressweU, 1994), thymic 

education (Mullbacher et a l, 1981; von Boehmer et a l, 1989; Ashton-Rickardt and 

Tonegawa, 1994) and implicated in cellular suppression (Sasazuki et al, 1992).

Taking the above into consideration, the following introduction outlines the virological 

problem and immunological mechanisms essential in understanding the relationship 

between the hepatitis B vaccine nonresponse and HLA. This is discussed with reference 

to:

I. The virology of Hepatitis B virus.

II. Induction of protective immunity.

III. Vaccination for protection from HBV infection.
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I. Virology of Hepatitis B Virus. 

1.1. Hepatitis B virus (HBV).

1.1.1. Historical Background

HBV was the first hepatitis virus from which the proteins and genome were identified 

and characterised. When investigating polymorphic serum proteins from an Australian 

aborigine, Blumberg in 1963 accidentally discovered a previously unknown antigen, 

which he named ‘Australia antigen’ (Blumberg et a l, 1967). Subsequent studies linked 

the antigen to the appearance of type B hepatitis (Blumberg et a l, 1967). The infectious 

agent of hepatitis B was initially visualised by D S Dane in 1970 by immune electron 

microscopy in the serum of hepatitis B patients and became subsequently known as the 

Dane particle (Dane et a l, 1970). However, the identification of the 27nm diameter 

inner core particle, containing the DNA (the nucleocapsid), was not elucidated until 1971 

after detergent treatment of the Dane particle (Almeida et a l,  1971). This was followed 

in 1973 with the identification of the viral DNA dependent DNA polymerase (Kaplan et 

a l,  1973).

The identification of the viral polymerase enzyme in 1973 allowed Robinson and co

workers to characterise the small circular and partially double stranded DNA hepatitis B 

genome (Robinson et a l, 1974). Subsequent cloning and sequencing of many viral 

isolates worldwide have increased our understanding of the basic molecular virology of 

HBV (Kann et al, 1995). The molecular characterisation of the viral genome has lead to 

a fuller understanding the relationship of HBV with hepatocellular carcinoma and the 

pathogenesis of infection. In addition, characterisation of the genome made it possible to 

clone viral genes, which has led to the production of hepatitis B vaccines in yeast and 

mammalian vectors.
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1.2. Molecular Virology of HBV

HBV belongs to the group of Hepadnaviridae that are hepatotropic agents with a DNA 

genome. Discovery of the HBV genome led to the identification of related animal 

viruses; the woodchuck hepatitis virus (WHV), the beechey ground squirrel hepatitis 

virus (GSHV) and Peking duck hepatitis virus (DHBV) (Summers et al., 1975; 

Summers, 1981). These viruses may persist in the host without pathological 

consequences or may cause a range of immunopathological consequences and a highly 

polymorphic range of liver diseases from inapparent hepatitis to cirrhosis and 

hepatocellular carcinoma (Yamazoe et al., 1991). These animal models have proved 

useful in the studies of replication and pathogenesis of HBV.

1.2.1. Structure and Genomic organisation.

1.2.1.1. Structure.

As stated above the infectious agent of hepatitis B is the Dane particle, which is a 

spherical double-shelled 42nm particle (Figure 1.1) (Dane et al, 1970). The virion has an 

outer envelope consisting of hepatitis B surface antigen (HBsAg) and an inner 

nucleocapsid consisting of the hepatitis B core antigen (HBcAg) (Almeida et al, 1971). 

The intact virion can be seen by electron microscopy in the serum of patients with acute 

and chronic HBV infection. The titre of HBV in serum ranges from a few virions per 

millilitre to millions per millilitre. As the virus enters the hepatocyte and it drives the 

apparatus of the cell to overproduce viraUy encoded structural proteins (Gerlich et al, 

1993). The excess lipoprotein of the HBV envelope (HBsAg) is discharged into the 

blood circulating as spherical (18-25nm in diameter) and filamentous particles 

(approximately 20nm in diameter and 50-500nm in length). These particles are not 

infectious and do not contain nucleic acid of the virus; they out-number the infectious 

virions by 10^-10  ̂to 1 (Peters et al, 1991).
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Figure 1.1. Schematic diagram of the HBV 42 nm particle. The small hepatitis B 

surface protein (SHBs) protein of the viral envelope is identical to the S domain of the 

middle hepatitis B surface protein (MHBs) and large hepatitis B surface protein (LHBs). 

MHBs contains the pre-S2 domain on the exterior of the particle. The LHBs contains 

the pre-S2, pre-Sl and S domains. The HBV capsid contains the 3.2 kb long DNA 

genome of HBV with the polymerase and primase proteins associated.
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1.2.1.2. Genomic Organisation.

The HBV genome is a small circular partially double stranded DNA molecule of 2.1 kD 

in molecular weight (figure 1.1). The genome contains no introns and (with the 

exception of 8-10 bases of the terminal repeat sequences) all the bases are coding in 

different reading frames. Hence the genome is not much longer than the largest open 

reading frame (ORF) P, which encodes the DNA dependent DNA polymerase (Kaplan et 

al, 1973). The ORF encoding the surface proteins is enclosed within the ORF-P. The 

ORFs -C and -X overlap partially with ORF-P (Peters et al, 1991). HBV encodes more 

than one protein from a single ORF by having internal AUG initiation codons as starting 

sites for protein synthesis. This can be seen in the ORF S that has the capacity to 

produce 3 surface protein species and the ORF-C, which encodes the HBe and HBc 

proteins (Ou et a l, 1986).

The physical structure of the viral DNA is formed by a long minus sense strand 

(complementary to the viral mRNA) of about 3200 nucleotides and a short positive sense 

strand of variable length often about 20-80% of the complete long strand (Peters et al,

1991). The short strand has a defined 5’ end, which is capped by a 5’ 

ohgoribonucleotide. The circular structure of the viral genome is maintained by 224 base 

pairs of the 5’ cohesive terminus of the plus strand. The positive sense strand does not 

contain an ORF of significant length (Junker et al., 1987).

1.3. Structure of the HBs proteins.

The outer coat of the virus is composed of three protein pairs, which are co-terminal 

within the open reading frame-S (ORF). Expression of the ORF-S leads to the synthesis 

of the major (S), middle (pre-S2-i-S) and large (pre-Sl + pre-S2 + S) surface proteins 

(figure 1.1) (Gerlich et al, 199). Translation from the first initiation codon produces the 

large surface protein (LHBs), the second the middle protein (MHBs) and the third 

initiation codon the major or small surface protein (SHBs). These proteins are present in 

glycosylated and non-glycosylated forms on the surface of the 42nm particles. The 22nm
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subviral particles are secreted in vast excess by infected hepatocytes and lack the large 

surface protein, whereas, the filamentous particles secreted in viraemic individuals do 

contain the LHBs. The main component of the virion surface coat or the subviral 

particles is the SHBs (Peterson, 1981).

1.3.1. Small hepatitis B surface protein (SHBs).

The SHBs is the commonest translation product from the surface gene and forms the 

most abundant surface protein species found in the envelope of the virion and the 

secreted subviral particles. The protein is 226 amino acids in length and exists as 27 kD 

glycosylated and 24 kD non-glycosylated forms known as gp27 and p24 respectively (Ou 

et al., 1986). The SHBs is thought to fold into four a  helices formed by the hydrophobic 

regions of the SHBs, which in turn form the four membrane spanning regions. This 

allows the molecule to insert into the membranes of the endoplasmic reticulum (ER) with 

both the amino and carboxyl termini lying within the lumin of the ER (Ou et al., 1986). 

The structure of the molecule and the conformation of the antigenic epitopes are 

maintained by disulphide bonds between the 14-cysteine residues present in the SHBs. 

Multimerisation of the molecule occurs via an interaction between membrane spanning 

domains III and IV (Gerlich et a l, 1993). This interaction could potentially allow the 

budding of the surface antigen particles (Gerlich et a l, 1993).

The SHBs has one major determinant common to all known subtypes of HBV, the ‘a’ 

determinant. This region is rich in cysteine residues and therefore highly conformational 

with 2 loop structures formed between amino acid positions 124-137 (first loop) and 

139-147 (second loop), which is considered more highly conserved (Gerlich et a l, 

1993). Disruption of the double loop structure by site directed mutagenesis leads to 

decrease in antibody recognition as the region has overlapping epitopes (Waters et a l,

1992).
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1.3.2. Middle hepatitis B surface protein (MHBs).

The MHBs protein is 281 amino acids in length and composed of the pre-S2 and S 

region gene products that form approximately 10% of the proteins found in the virion 

and subviral particles. The gene products exist as single (gp33) or double glycosylated 

(gp36) forms (Gerlich et a l, 1993). The pre-S2 region consists of 55 amino acids that

are relatively conserved at the carboxyl terminal but highly variable at the amino acids

32-54 (Sanatantonio et aL, 1992; Fernholz et al., 1993). The pre-S2 region is thought to 

overlay the ‘a’ determinant and is found on the surface of both the HBV virions and 

subviral particles (Machida et aL, 1984). The MHBs is more immunogenic than the S 

protein in mice and the T-cell epitopes have been determined in humans (Milich and 

Chisari, 1985; Barnaba et at., 1989; Ferrari et aL, 1992). This protein has been 

implicated in the uptake of the virus via the binding of the serum albumin-HBV 

complexes to the albumin receptor of hepatocytes (Gerlich et aL, 1993).

1.3.3. Large hepatitis B surface protein (LHBs).

The large HBs protein contains the gene products of the pre-Sl, pre-S2 and S genes and 

is 389 amino acids in length (Gerlich et aL, 1993). The protein produced can be found in 

both non-glycosylated and glycosylated forms (gp42 or p39) and the amino terminus is 

myristilated, which forms the transmembrane anchor. The LHBs is found in abundance 

in the virions and filaments but rarely in the spherical particles (Gerlich et aL, 1993). 

This may be due to the fact that the protein helps to retain the surface glycoprotein in the 

ER to allow interaction with components of the virion during virus assembly (Gerlich et 

aL, 1993). The over expression of the LHBs leads to accumulation of the filamentous 

particles within the ER (Gerlich et aL, 1993). During biosynthesis of the LHBs the pre- 

S 1 and pre-S2 domains remain cytoplasmic and are then translocated to the outer surface 

of the virion following budding. The pre-Sl domain of LHBs hides the antibody epitopes 

from the pre-S2 domain and antibody responses to the pre-Sl are variable between 

chronic carriers of HBV (Peters et aL, 1991). The pre-Sl domain is one of the most 

variable regions of the HBV genome. Perhaps this is due to the ORF-P, which overlaps 

this area and is not essential for replication of the genome. More likely, this region is
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under the greatest selective pressures from the host immune response (Gerlich et aL, 

1990). In addition to pre-S2, the pre-Sl domain functions in the binding of the virion to 

the hepatocyte. Experiments showed monoclonal antibodies binding residues 31-34 of 

the pre-Sl domain blocked binding of both virions and subviral particles to the 

membranes of the hepatocytes (Neurath and Kent, 1988). Also, immunisation of 

chimpanzees with pre-Sl 21-47 conferred protection against viral challenge (Neurath 

and Kent, 1988). Furthermore, peptide 21-47 was shown to bind to lL-6 leading to the 

theory of HBV using cytokine receptors for viral penetration (Neurath et aL, 1992; 

Neurath gr a/., 1992).

1.3.4. The nucleocapsid proteins.

The HBcAg region of HBV consists of two regions with separate start sites the pre-C 

and C regions (Summers et al., 1975). The whole ORF-C is 212-214 codons in length 

and varies depending upon the genotype of the virus (Gerlich et aL, 1993). The pre-C 

region is 89 nucleotides in length and functions as a signal peptide. The product of the 

ORF-C is the nucleocapsid protein (containing the genome of the intact virion), which is 

produced from the second initiation codon. The product of the first initiation codon is 

the 19kD HBeAg secretion protein that is indicative of an active infection.

Translation from ORF-C produces two different proteins, the HBc and HBe 

nucleocapsid antigens (Peters et al, 1991). As with the surface antigens the 2 

nucleocapsid antigens are products of translation from different initiation codons 

(Gerlich et aL, 1993). Initiation at the first site produces a 312 amino acid polypeptide 

(p25), which is processed and secreted as HBeAg (pl5-18). The protein is not essential 

to the life cycle of the virus and pre-core mutants that fail to produce HBeAg can be 

infectious. The HBeAg can be readily detected in the sera of patients with a high level of 

HBV replication. However, it crosses the placenta during pregnancy and may be 

involved in the induction of immune tolerance to core proteins in the neonate (Boxall et 

al, 1991).
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Initiation of translation at the second initiation codon produces a 183 amino acid 

polypeptide (p23) that after further modification self-assembles into core particles, the 

HBcAg polypeptide (p i9-21). This protein forms the inner core of the 42nm protein. 

The HBcAg is not detected in the serum but readily found in the livers of patients with 

active HBV replication.

1.3.5. The polymerase protein.

The polymerase protein is comprised of 4 domains; the primase protein; a spacer domain; 

the domain encoding a RNA dependent DNA polymerase (reverse transcriptase) and the 

carboxyl termini encoding RNAse H (Kaplan, 1973). The polymerase protein has 

sequence homology with reverse transcriptases of retroviruses and forms the target of 

recently developed anti-viral agents, such as Lamivudine (Dienstag et a l,  1995). The 

protein is found as an active single 90kD molecule within the virion.

1.3.6. HBx protein.

The ORF-X encodes for a peptide about 150 amino acids. Found in all Hepadnaviridae 

but the avian, the HBx protein is not thought to participate in replication or assembly of 

HBV. Although the HBx protein has transactivation properties (Rossner et a l ,  1990) 

involved in tumorgenesis via activation of proto-oncogenes, the function remains to be 

defined in vivo.

1.4. Diversity of HBV.

1.4.1. Subtypes of HBV.

The antigenic determinants defining different subtypes reside on the surface protein 

encoded by the S gene. The subtypes of HBV are defined by the presence of d/y and w/r 

determinants that differ by a single amino acid at positions 122 and 160 respectively 

(Norder et a l,  1991). These determinants were defined by monoclonal antibodies, 

however, the ‘w’ determinant is not recognised consistently and is thought to be at

_
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position 127 (Norder et aL, 1992). The occurrence of hepatitis B subtypes follows a 

geographical pattern of distribution. Indigenous strains of HBV from; northern Europe 

and North America have a high frequency of adw\ Pacific, northern China and Korea are 

adr and strains from the Middle East and southeast Europe are ayw (Norder et al, 1994). 

Also, HBV strains from the Far East are expected to be adw or adr. But the increase in 

migration and international travel coupled with ease of transmission means that the above 

is only an indication.

1.4.2. Molecular variants of HBV.

Viruses continually mutate over the course of infection, examples of this are commonly 

seen in Influenza and HIV infections, which display antigen drift as a consequence of the 

host immune response (Webster, 1994). Thus patients with chronic HBV infection may 

have a variety of different viral genotypes in their serum (Bahn et aL, 1997). These 

variant genotypes can escape the host immune response and are termed ‘HBV escape 

mutants’. The commonest of these genetic variants are the pre-core mutants, which have 

lost the ability to synthesise HBeAg. This is most commonly due to a mutation resulting 

in a stop signal at codon 28 rendering the patients HBeAg negative, despite being HBV- 

DNA positive and often with active hepatitis (Hasegawa et aL, 1994).

Differences within the ORF-S of HBV were characterised from HBV chronic carriers 

(Wallace et aL, 1994). The 2 loop structures (amino acids 124-137 and 139-147) make 

up the immunogenic region. Linear peptides derived from this 124-147 region were less 

antigenic than the cyclic peptides (Carman et aL, 1990). Moreover, treatment of the 

cyclic peptides with detergent resulted in the loss of antigenicity (Vyas et aL, 1972). 

‘Vaccine escape mutants’ emerge when a large arginine amino acid residue is substituted 

for a smaller glysine amino acid. If the arginine at position 145 is changed the 

recognition of the ‘a’ determinant by monoclonal antibodies is lost. (Waters et aL, 1992). 

This mutation in the virus renders vaccinated individuals susceptible to hepatitis B 

infection.

11



Chapter 1

Less common are mutations in the pre-S regions of ORF-S. However, mutations have 

been described from a chronic hepatitis B individual with hepatocellular carcinoma. 

Sequencing revealed a truncated pre-S product with a deletion of 183 amino acids within 

the pre-Sl domain (Gerken et aL, 1991; Gerken et a l,  1991). Mutations in the pre-S2 

domain have been seen more frequently in Italy (Fernholz et aL, 1993). The mutation in 

the pre-S2 initiation codon was lost preventing pre-S2 synthesis and the pre-S 1 region 

was truncated. Pre-core/core and pre-S mutations were shown to arise spontaneously 

during the natural course of infection, particularly during interferon, nucleoside analogue 

treatments or in immunosuppression (Sanatantonio et aL, 1992).

Overall, mutations within the pre-core/core and pre-S regions appear through selective 

pressures, from the immune response or antiviral therapy, and may give important data 

on the pathogenesis of chronic hepatitis B infection (Mimms, 1995). Variation in the 

second loop effecting the ‘a’ determinant within the envelope proteins, effect antigenicity 

and can result in hepatitis B infection in vaccinated individuals (Ashton-Rickardt and 

Murray, 1989), Waters et aL, 1992; Carman et aL, 1990). Since diagnosis of HBV 

infection relies upon interpretation of the antibody profiles, mutations found within the 

HBs and HBc proteins may effect the clinical diagnosis (Mimms, 1995). The occurrence 

of mutations in the pre-S regions of the envelope imphes that HBV may remain 

infectious and viable, despite alteration in a region thought critical for attachment during 

infection (Neurath et aL, 1990).

1.5. Viral life cycle.

1.5.1. Attachment and penetration.

The study of the attachment and penetration of HBV is relevant to vaccine and drug 

design. However, the exact mechanism of attachment of the HBV to hepatocyte to 

initiate infection has yet to be defined. Relevance of the surface proteins in attachment 

comes from the observation that HBV defective in MHBs remain viable, whereas, 

variants devoid of LHBs have never been described (Gerlich et al, 1993). As discussed 

above in section 1.3., the pre-Sl and pre-S2 proteins have been proposed as the

—
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molecules responsible for the attachment including membrane bound IL-6, polymerised 

albumin receptors and pre-S2 glycan mediated uptake (Neurath et ah, 1992; Neurath et 

aL, 1992; Gerlich et aL, 1993). Attachment of the virus to the target cells, which may 

include cells of hepatic and lymphoid origin, may be of low affinity indicating that there is 

no single avid receptor for HBV (Gerlich et al, 1993).

However, penetration of a virus into the host cell may occur by fusion with a permissive 

cell equipped with proteases, which cleave the pre-S2 domain (Lu et aL, 1996). On 

fusion the viral nucleocapsid is liberated into endosomal vesicles (Kann et al, 1995). The 

mechanism of transport to the nucleus seems to be dependent upon the cell cycle. Once 

in the nucleus the HBV DNA is converted from partially double stranded DNA to 

covalently closed circular DNA by the viral polymerase (Kann et al, 1995).

1.6. Hepatitis B infection.

1.6.1. Transmission.

In the developing world the predominant modes of transmission of HBV are perinatal or 

horizontal during infancy and early childhood. If mothers are HBV carriers the risk to 

the baby depends on the infectivity status of the mother (von Weizsacker et al., 1995). If 

the mother carries HBeAg there is an increased risk of the baby acquiring a chronic 

infection (von Weizsacker et al., 1995). For example, risk of chronic infection from a 

HBeAg positive mother to the neonate is 70-90%. Whereas, in the HBeAg negative 

mothers, the risk of chronic infection is 10-40% compared to 1-5% in infected adults 

(Derso et aL, 1978). The HBV infection in the perinatal period may occur by a variety 

of mechanisms. Evidence suggests that placental breakdown followed by contamination 

of cord^with HBV infected maternal blood during birth, can be a potential source for 

infection (Boxall et aL, 1991). Also, minor scratches or ingestion of blood during birth 

can lead to transmission of HBV (Lin et al., 1990). Less frequently the baby may be 

infected in utero when the mother is highly infectious (HBV-DNA and HBeAg positive) 

(Boxall a/., 1991).

13
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Routes of horizontal transmission are difficult to define, however HBsAg has been found 

in serum, stool, semen, saliva, and breast milk (Alter et al, 1990; Thiers et al., 1988). 

This raises the question of non-serum associated transmission (Blainey et aL, 1971; 

Orga, 1973; Thiers et al., 1988). In developing countries, other routes of transmission 

include scarification and the controversial role of insect vectors (Thiers et al., 1988).

In western countries transmission of HBV in the indigenous population is often acquired 

sexually or parenterally (Alter et al, 1990). Since HBsAg can be detected in semen and 

thus transmitted as a result of either vaginal or anal intercourse (Alter et al, 1990). 

Heterosexual HBsAg positive individuals with multiple sexual partners, prolonged 

duration of sexual activity and history of sexually transmitted disease have an increased 

risk of transmitting HBV infection. Also, homosexual transmission may account for 7- 

8% of cases of de novo HBV infections (Alter et aL, 1990).

The transmission of HBV by parenteral drug abusers via contaminated needles and 

syringes, accounts for 25% of HBV infection cases in the UK and up to 52% of cases in 

Sweden (Struve et al, 1992). Reduction in these rates of transmission relies on 

identification and vaccination in concert with needle exchange programs (Williams et al., 

1996).

1.6.2. Clinical features of HBV infection.

Infection with HBV leads to the sequelae of either acute or chronic infection, which 

depend on a number of factors. Epidemiological data suggest that age, 

immunocompetence, route and timing of acquisition are important (Margolis et al., 

1991). Immunocompetence is evidently a clinical factor contributing to susceptibility, 

especially for those suffering from lepromatous leprosy. Downs syndrome or those 

receiving immunosuppressive therapy (Jacyna et aL, 1992).

14
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1.6.2.1. Acute HBV infection.

HBV infection has an incubation period of 60-180 days after which the clinical course of 

infection varies from asymptomatic to an acute jaundiced hepatitis and rarely fulminant 

hepatitis (Chisari and Ferrari, 1995). Factors involved in the outcome of HBV infection 

include the viral load inoculum, the host’s immune response, the route of infection and 

the presence of viral mutations (both pre-core and vaccine escape mutations) (Lai et al,

1994). Other manifestations that accompany acute hepatitis B infection are serum 

sickness-like syndrome, glomerulonephritis and neurological disorders (Chisari and 

Ferrari, 1995). Resolution of HBV infection is accompanied by clearance of HBV 

antigens and HBV-DNA and long lasting immunity (Boxall, 1991) indicated by the 

presence of anti-HBc (Penna et al, 1996).

1.6.2.2. Chronic HBV infection.

As 3-10% of HBV infected individuals become chronically infected (Jacyna, 1992). 

These individuals have been classified into those with low replicative infection who 

commonly remain HBeAg negative and those who have high replication and are HBeAg 

positive (Jacyna, 1992). Clinically, the former have a lower risk of chronic hver diseases 

such as cirrhosis and hepatocellular carcinoma (HCC), whereas among the latter group 

40% of infected individuals develop liver diseases (Lok and Ma, 1990; Fattovich et aL, 

1991). The HBeAg positive individuals with histologically mild hepatitis have a 

propensity to proceed to cirrhosis, which may be a result of flares in histological activity 

resulting in the development of an active hepatitis and cirrhosis (Chisari and Ferrari,

1995). Patients with established cirrhosis may be either HBeAg positive or negative 

again representing the differences in replication in late stage disease. Mechanisms 

thought to be important in disease are; the ability of an individual to mount an immune 

response to HBV infection and the number of exposures to the virus (Chisari and Ferrari, 

1995; Jacyna et al, 1992).

15
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1.6.3. Hepatocellular carcinoma (HCC).

The risk of HCC in chronic carriers of HBV is 100-fold more than in non-carriers. HBV 

integrates at sites within the host genome, which may be critical in cell cycling. Studies 

have confirmed that up to 90% of individuals with HCC are positive for HBsAg and 

have HBV-DNA integrated in their genome (Brechot, 1987; Tokino and Matsubura, 

1991). These integrated sequences may disrupt tumour suppressor genes or act as 

switches for oncogenes and their regulatory elements (Koshy, 1997).

Another mechanism of tumourgenesis involves the transactivating properties of the HBx 

protein and also the pre-S2/S region. They are both integrated into the host genome and 

transcribed as part of the 2.1 kb mRNA species involved in replication of the virus. 

Investigations have focused on the HBx protein and demonstrated activation of the 

proto-oncogenes c-fos and c-jun (Twu et aL, 1993). Other candidate genes are activated 

by HBx including P53 tumour suppressor gene (Paterlini et aL, 1995). Therefore, HCC 

in HBsAg positive patients is possibly a combination of processes generalised to chronic 

liver disease and to those with HBV infection.

1.6.4. Diagnosis of HBV infection.

Detection of HBV associated antigens and antibodies present in the serum for the 

diagnosis of infection, can be determined using commercially available assays. Markers 

commonly used are HBsAg, HBeAg, HBcAg, anti-HBe, anti-HBc (both IgM and IgG), 

which are used either individually or in combination to ascertain the serological status of 

an individual (Chsisari and Ferrari, 1995). Predominantly the method of detection is 

enzyme linked immunosorbant assays (ElA). However, newer technology provided by 

the polymerase chain reaction and simple DNA blotting techniques have meant that most 

laboratories can now offer the detection of HBV-DNA (Quint et al, 1995; Erhardt et al, 

1996).

As the incubation period of HBV infection is approximately 60-180 days there is a latent 

period between acquisition of the virus and appearance of the markers of infection. First
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markers to appear are the HBsAg, HBeAg and HBV-DNA, which precede the onset of 

symptoms and jaundice (Peters et al, 1991; Chisari and Ferrari, 1995). The nucleocapsid 

antibody anti-HBc IgM appears in acute HBV infection. Resolution of the infection is 

accompanied by the loss of HBV-DNA, HBsAg and HBeAg but with the appearance of 

anti-HBe and anti-HBs (Peters et al, 1991; Chisari and Ferrari, 1995). Although anti- 

HBs is present throughout infection, it remains undetectable. This is due to the high 

concentration of subviral particles forming immune complexes and reducing the serum 

titre of anti-HBs. However, anti-HBs persists after resolution of the infection but 

declines over years eventually becoming undetectable, possibly, which may correspond 

with the decline of HBV-DNA (Maruyama et aL, 1993). Loss of anti-HBc IgM, 

followed by the appearance of anti-HBc IgG indicates previous HBV infection and life 

long protective immunity, which perhaps signifies continued antigenic stimulus 

(Maruyama et aL, 1993).

The criterion of a chronic carrier is persistence of HBsAg for more than 6 months, which 

occurs in approximately 5% of HBV, infected individuals. In some cases, markers of 

active rephcation (HBeAg and HBV-DNA) remain and these patients have a high risk of 

cirrhosis and HCC (Dusheiko, 1990). Alternatively, patients can seroconvert to anti- 

HBe and HBV DNA negative by hybridisation techniques but HBV DNA positive by 

PCR (Loriot et aL, 1992).

1.7. Epidemiology and prevention of hepatitis B infection.

1.7.1. Epidemiology.

From a global population of approximately 5 billion, 2000 million people are estimated to 

have serological markers of HBV and 350 million of these individuals are chronic HBV 

carriers. From this pool 65 million individuals will die from the associated sequelae 

(Chisari and Ferrari, 1995). Infection rates measured by HBsAg positivity (HBsAg"^) 

vary according to geographical region being particularly high in Southeast Asia, China, 

The Pacific Islands and Sub-Saharan Africa and is generally much lower in the developed 

countries such as in Western Europe and the USA (Table 1.1.) (Margolis et aL, 1991).

_
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The geographical variation in the carriage rate is exemplified by comparing Kiribati, 

where 31% of the population is HBsAg^ to Kenya (11.4% HBsAg^) and Sweden (0.25% 

HBsAg^) (Tibbs, 1987; Struve et aL, 1992). These rates may increase dramatically 

within certain populations such as the Australian aborigine (8.2% HBsAg^), compared to 

the Australian Caucasoid population, (0.36% HBsAg^)(Gardner et aL, 1992). Overall 

the rate of infection is difficult to estimate due to under-reporting of infection. This is 

because areas of seemingly high infection are in the under developed world. The level of 

under-reporting makes implementation of a hepatitis B vaccination strategy more 

difficult (Centers for Disease Control. 1987).
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Prevalence HBsAg + 

(%)

Any serological HBV 

marker {%)

Region/Country

High 8-15 >60 South east Asia, China, 

Philippines, Indonesia, 

Middle east, Africa, Pacific 

Islands, Arctic (Eskimo), 

Amazon Basin.

Intermediate 2-7 20-60 East and Southern Europe, 

Central Asia, Japan, Israel, 

South America (Northern).

Low <2 <20 North America, Western 

Europe, Australia, New 

Zealand, South America 

(Southern).

Table 1.1. The geographical distribution of hepatitis B prevalence (Margolis et aL, 

1991).
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1.7.2. Prevention of Hepatitis B infection.

Antiviral agents for the treatment of viral infections have not been as successful as 

antibiotics have for the treatment of bacterial infections. For example, treatments of 

HBV infection with antiviral agents (e.g. famiciclovir and lamivudine) targeted against 

the HBV polymerase have shown promise (Gerin, 1991; Katkov and Dienstag, 1991; 

Dienstag et al., 1995). However, mutations, which alter the active site of the

polymerase, have been detected in lamivudine resistant HBV (Mutimer, 1998). 

Therefore, the prevention of HBV infection, via vaccination, is critical for the control of 

infection on a global scale.

The overall strategy to make a major impact upon the prevalence of hepatitis B world 

wide probably requires the protection of infants at high risk of HBV infection to be a 

priority (Margohs et al., 1991). Studies on the prevention of perinatal transmission of 

infection have been carried out in many parts of the world (Polakoff and Vanderneld, 

1988; Chan et aL, 1994). Many clinical groups have combined hepatitis B 

immunoglobulin (HBIG) with vaccine for the prevention of HBV transmission. Each 

group appears to have differing regimes, however, in general the HBIG and vaccination 

are administered at birth followed by a further doses, 1 month and 2 months later. 

Indeed in a study by Greenberg et al the regime was HBIG plus vaccine at birth, 1, 2 and 

6 months with additional HBIG given at 3, 4, and 5 months (Greenberg et aL, 1996). 

The results from all these studies vary but the protection rate of >90% can be seen in the 

more intensive schedules. It appears though impossible to protect some babies born to 

highly infectious mothers perhaps due to infection in utero and the induction of 

tolerance, despite intensive immunoglobulin and vaccine regimes.

In 1982 when recombinant hepatitis B vaccination was first licensed and commercially 

available wealthier countries implemented vaccination of those individuals in ‘high risk’ 

groups such as; health care workers, homosexual men, intravenous drug abusers, 

heterosexuals with multiple partners, repeatedly transfused patients and those 

institutionalised (Department of Health, 1996; Centers for Disease Control. 1987). 

However, this policy relied on the identification of ‘high risk’ individuals that only
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occurred with the publicity surrounding the AIDS campaigns in 1985. Moreover, at this 

time it was noted in the USA that the incidence of hepatitis B infection slowly started to 

fall following behaviour changes in the homosexual men and intravenous drug abusers 

concurrent with the AIDS epidemic (Centers for Disease Control. 1987).

The recommendations from the Global Advisory Group of the expanded Program on 

Immunisation (EPI) in 1991 that were endorsed by the World Health Assembly in 1992 

laid forward plans that (Centers for Disease Control. 1987):

• Hepatitis B vaccine should be integrated into the national vaccination programs in all 

countries by 1997;

• Target groups and strategies may vary with local epidemiology;

• When the HBV carrier rate is 2% or greater the most effective strategy is 

incorporation into the routine infant immunisation schedules and

• Countries with a lower prevalence may consider immunisation of all adolescents as an 

addition or alternative to infant immunisation.

This has resulted in approximately 20 countries adopting universal immunisation 

programs and 80 countries introducing immunisation of infants and/or adolescents. Low 

endemicity in UK, Australia, Scandinavia and Ireland means that health officials in these 

countries are not convinced as to the cost-effectiveness of vaccination programs (Centers 

for Disease Control. 1987). Therefore, in the UK there is a selective policy for 

vaccination, which remains for high-risk individuals and, as previously mentioned infants 

born to mothers found to be hepatitis B carriers in the antenatal clinics (Department of 

Health, 1996).
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IL Induction of protective immunity.

Overview

This thesis considers the immunological mechanisms responsible for the lack of 

protective immunity exhibited by hepatitis B vaccine nonresponders. Protective 

immunity, following a natural infection, is invoked through the induction and interaction 

of specific antibody and cell mediated immune responses. Successful vaccines are also 

required to induce serum neutralising antibody, specific T-cell responses or both. The 

purpose of vaccination against a particular virus is to favour the immune response to 

minimize the replication of the virus and prevent or reduce the severity of the disease. In 

the context of this thesis it is important to consider how protective immune responses are 

generated.

Through vaccination a naïve individual is primed (sensitised) to a virus so that a vigorous 

and efficient secondary immune response is mounted upon subsequent exposure. This is 

achieved by the clonal expansion of specific lymphocytes (Burnet, 1959) following 

interaction with their antigen specific cell surface receptors (immunoglobulins (Ig) for B- 

cells and T-cell receptors (TCR) for T-cells) with virus antigens. The antibody responses 

are directed towards free virus while cytotoxic T-cell (CTL) responses recognise and kill 

virally infected cells. A further class of T-cell, the T helper (Th) cell, is involved in 

controlling antibody production (Stevens et al., 1988) and CTL immune responses 

(Cantor and Boyse, 1976; Abbas, 1988). T-cells recognise antigen when associated with 

the major histocompatibility complex (MHC) molecules expressed on the surface of 

antigen presenting cells (APC) (Acuto and Rheinherz, 1985).

Polymorphism within the human MHC has previously been identified as a genetic marker 

for hepatitis B vaccine nonresponse (Craven et al, 1986). In the following section of this 

introduction, the polymorphism of the MHC is considered with reference to diversity 

within different populations and influence upon both humoral and cellular immunity.
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1.8. Major Histocompatibility Complex (MHC).

Introduction.

The discovery of the MHC dates back to 1936 when Gorer observed the genetic basis of 

tumour rejection in mice and identified antisera specific for MHC antigens (Gorer, 1936, 

Gorer, 1937, Gorer et al., 1948). The pioneering work in the discovery of the human 

MHC took place in the 1950s, principally by Dausset, Payne and van Rood (Dausset, 

1954, van Rood et al., 1958; Payne et al., 1964;). These investigators identified the 

presence of leukocyte-agglutinating antisera in polytransfused individuals and 

multiparous women, however at this time the functions of these genes were largely 

unknown (Snell et al., 1976). Over one decade later both animal and human studies 

showed that the MHC was required for the presentation of antigen to T-cells (Benacerraf 

et al., 1967; Bluestein et al., 1971; McDevitt et al., 1972; Shevach et al., 1972). The 

MHC was shown to present peptides in the context of self (Zinkernagel and Doherty, 

1987). Indeed it was also demonstrated that self MHC molecules are responsible for the 

presentation of non-self peptides (Zinkernagel and Doherty, 1975; Benacerraf, 1978; 

Ziegler and Unanue, 1981). The first crystal structure of a class I molecue was defined 

by Bjorkman, Wiley et al in 1987 using the HLA-A2 molecule (Bjorkman et al., 1987b; 

Bjorkman et al., 1987b). Further crystal structures from HLA-A68, -B27 and -B8 

showed conclusively that MHC molecules bind peptide (Reid et al., 1996; Madden et al., 

1992; Madden et al., 1991; Saper et al., 1991; Garrett et al., 1989).

1.8.1. Genetics of HLA.

The human MHC is known as the human leukocyte antigens (HLA) is located on the 

short arm of chromosome 6 in the distal portion of the 6p21.3 band. This region consists 

of three linked clusters of HLA genes: class I (2 Mb), II (1 Mb) and III (1 Mb) 

(Campbell and Trowsdale, 1993).
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1.8.2 Structure and genetic organisation of HLA.

The HLA class I antigens are heterodimeric membrane bound glycoproteins made up of a 

transmembrane region and three domains designated a l ,  a2 and oc3 which are 

noncovalently associated with p-2-microglobulin (p2m) (Cresswell et al., 1974). The a3 

domain and p2m are immunoglobulin-like structures that lie adjacent to the cell 

membrane (Yokoyama and Nathenson, 1983). The two amino acid terminal domains a l  

and a2 contain the greatest degree of polymorphism and lie furthest from the cell 

membrane (Lopez de Castro et al., 1985). The crystallographic structure of the HLA-A2 

molecule demonstrated the a l  and a2 domains make up the peptide binding groove or 

pocket, which is approximately 30 angstroms by 12 angstroms in size (Bjorkman et al., 

1987).

The class I region is located at the telomeric end of the MHC and contains the classical 

HLA-A, -B and -C and related loci, spread over a region of 2Mb. There are multiple 

class I genes in the MHC, those which encode the HLA-A, -B and -C antigens, termed 

the classical (or polymorphic) class I genes and HLA-E, F, G and H, termed the non- 

classical (Ploegh et al., 1981). All the HLA-class I genes share similar exon-intron 

organisations consisting of up to eight exons. Exon 1 codes for a signal sequence, exons 

2, 3 and 4 code for the a l ,  a l  and a3 domains, respectively and exons 5-8 encode the 

transmembrane region, cytoplasmic tail and 3' untranslated region (UTR). However, 

there are differences in genetic organisation with different antigens, for example HLA-B 

has no coding sequences in exon 8. The fourth component of the class I extracellular 

domain is p2 -microglobulin which is a separate polypeptide encode by a non-polymorphic 

gene located on chromosome 15 (Goodfellow et al., 1975).

The MHC class II molecules are also heterodimeric membrane bound glycoproteins with

two Ig like domains proximal to the cell membrane and two polymorphic domains distal

to the membrane. The glycoproteins consist of an a  chain of 35kD and a p chain of

28kD which are non-covalently associated. Unlike the HLA-class I molecules both of

the class II chains span the membrane (Travers et al., 1984). The presentation groove in

the class II molecules is made up of the a l  and pi domains. HLA class I and class II
_
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molecules have little sequence homology but appear to have similar three-dimensional 

structures, which was demonstrated by the crystallographic structures of HLA-DRl 

(Brown et al., 1988; Brown et al., 1993). The similarity in structure is a possible 

consequence of both molecules having to interact with the T-cell receptor (TCR). 

Crystallography revealed the formation of a HLA-DRl dimer of the class II dimer. The 

function of this structure is speculated to be in cross linking the T-cell receptor, but 

without clear functional data the relevance of this dimer to T-cell stimulation remains 

unclear (Brown et al., 1993).
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The class II region is the most centromeric part of the MHC complex of genes (figure 

1.2) (Campbell and Trowsdale, 1993). The entire HLA class II region (HLA-D) covers 

approximately 1x10  ̂ base pairs, contains several HLA class II genes and has 3 main 

subregions; the DP subregion at the centromeric end, DR at the teliomeric end with DQ 

in-between. The gene structure of both A and B class II genes (coding for a  and (3 

chains) are of similar intron and exon organisation to the class I genes. The HLA-DR 

subregion contains one functional a gene and a number of functional p genes, which vary 

according to the HLA haplotype (figure 1.2) (Bodmer et al., 1992). There have been 

two alleles reported for the HLA-DRA gene and approximately 249 DRB alleles (Marsh, 

1998). All individuals express HLA-DRBl encoded polymorphic polypeptide at the cell 

surface in association with an HLA-DRA encoded polypeptide. According to the 

inherited haplotype other DRB genes (DRB3, DRB4, and DRB5) can be expressed in 

association with the HLA-DRA encoded polypeptide. The numbers of alleles at the 

HLA-DRB3, -DRB4 and DRB5 loci are expressed but DRB2, DRB7 and DRBS are 

pseudogenes (Bodmer et al., 1992).

The 1Mb of DNA between class II and class I is known as the class III region that 

contains a disparate collection of densely packed genes which have been characterised 

predominantly by sequencing studies (Milner and Campbell, 1992; AlberteUa et al.,

1996). Many of the genes have not been characterised fully at the functional level, but a 

role in the innate immune response and inflammation is suggested for some. Gene 

duplication in the class III region is less extensive than in the rest of the MHC. Genes 

with obvious roles in immunobiology are members of the complement cascade (C2, C4 

and Bf) and tumour necrosis factor family members (TNF, LTA and LTB). There are 

several other genes with possible roles in the immune system. At the centromeric end, 

the G15 gene has homology to lysophosphatidic acid acyltransferase, suggestive of a role 

in intracellular signalling and inflammation (Aguado and Campbell, 1998). The I kappa 

B like gene (between BATl and LTA) is a likely transcription factor of the NFkB family 

(AlberteUa and CampbeU, 1994). A number of genes with a role in inflammation, either 

proven (TNF, LFA) or inferred from molecular investigations, such as expression in 

speciaUsed ceUs of the immune system (LST1/B144 and 1C7) (Holzinger et al., 1995),
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are grouped closely together. This group of genes spans 300kb of the area recently 

named the class IV region (Gruen and Weissman, 1997). Further investigation into the 

molecular genetics of the short arm of chromosome 6 depends upon the identification 

and characterisation of many other resident genes that influence the immune response 

(Mizuki et al., 1997; Janer and Geraghty, 1998; Guillaudeux et al., 1998).

1.8.3. Nomenclature.

Historically, the HLA specificities were defined by serology and assigned names based on 

the gene locus followed by a number. The level of identification has become increasingly 

complex because of the use of specific antisera and molecular techniques that identified 

unique coding differences. Thus there was a requirement for the nomenclature system to 

be based on allelic definition of the HLA gene nucleotide sequences. Consequently, 

according to the accepted genetic nomenclature, the locus is indicated first, followed by 

the identification number of the allele, separated from the designation by an asterisk. For 

example, HLA-Al allele is designated HLA-A*01, then different variants would be 

identified as A*0101, A*0102 and so on (WHO Nomenclature Committee. 1988). 

Different loci of the HLA class 1 genes are donated by a suffix HLA-A to HLA-L. 

Whereas, the HLA class 11 genes are indicated by the gene loci (DR, DQ, DP, DO or 

DM), followed by either an A to denote an a chain or B to denote a p chain sequences 

(WHO Nomenclature Committee. 1989).

1.8.4. HLA Polymorphism.

The HLA genes represent the most polymorphic and currently most extensively 

investigated set of genes in the human genome. Each individual expresses a maximum of 

two alleles at any given HLA loci, which are inherited in a Mendelian fashion.

Polymorphism within the HLA class 1 loci was initially analysed by serological cross 

reactivity. Serological analysis relies upon antibody recognition of short sequences based 

upon change in the conformation of the HLA molecule. However, molecular analysis 

considers differences in the nucleotide sequence within each locus. The number of HLA
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class I alleles is constantly under revision and to date, approximately 177 HLA-A, 359 

HLA-B and 90 HLA-C alleles have been reported (Marsh, 2000). The frequency of each 

allele in a population varies according to the ethnic group. The HLA-A2 antigen is 

common in many populations worldwide, for example the frequency of HLA-A2 in the 

British population is approximately 45% of which greater than 90% are the HLA- 

A*0201 allele (Imanishi et al, 1992). But in the Singapore Chinese population, the 

representative HLA-A2 antigen is encoded by the allele HLA-A*0207, not found in the 

British population (Imanishi et al, 1992). Presumably, different selections events have 

occurred to account for the divergent patterns of the HLA class I loci, which are 

discussed briefly below.

Principally, generation of HLA class I variation suggest that mutations which result in a 

selective advantage (by binding immunogenic peptides) are selected and fixed in a 

population (Parham and Ohta, 1996). This is indicated by a higher frequency of 

substitutions within exons 2 and 3 (encode the a l  and a2 domains), clustered around the 

peptide-binding groove (Parham and Ohta, 1996). The polymorphism within the 

peptide-binding groove, coupled with bound peptide, modifies the overall conformation 

of the molecule and determines the specificity of antigen presentation (Hughes and Nei, 

1988; Barber and Parham, 1994). The diversity of the MHC is considered in more detail 

in section 1.8.5.

The HLA Class II molecule HLA-DR demonstrates polymorphism only in the (3 chain of 

which there are currently 306 alleles (Marsh, 2000). The HLA-DQ molecules display 

polymorphism in both a  and p chains. There are currently 20 alleles reported for the 

HLA-DQ A gene and 45 DQB alleles (Marsh, 2000). The HLA-DP locus also 

demonstrates polymorphism in the HLA-DP A and B genes with 19 HLA-DP A alleles of 

gene and 88 DPB alleles (Marsh, 2000) presently described. HLA-DO loci and is found 

between the HLA-DQ and DP loci and no expressed antigen presenting polypeptides 

have been found for either chain. Between the HLA-DO is the HLA-DM loci that have 

4 HLA-DMA alleles and 6 HLA-DMB alleles, the function of which will be discussed 

later (Marsh, 1998) in section 1.9.2.3.
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In general the coding region for a  chains of HLA class II exhibit polymorphism in the 

HLA-DQ and -DP loci yet not at the HLA-DR loci. The p chains however do display 

extensive polymorphism located particularly within the second coding exon. The 

polymorphic (hypervariable) regions of HLA class II are found in limited short stretches 

of sequence that are mainly located either on the P pleated sheet floor or in the a  helical 

waUs of the peptide binding groove formed by the ap  heterodimer (Brown et al., 1993). 

This has been supported by crystallographic structural analysis of HLA-DRl that showed 

the polymorphic regions around the peptide-binding groove directly interact with the 

peptide and/or T-ceU receptor (TCR) (Brown et al., 1988; Brown et al., 1993; Stern et 

al., 1994).

1.8.5. Diversity of HLA.

The study of allelic diversity in large admixed populations differs from the level of 

diversity in indigenous populations (Belich et al., 1992). Analysis of the distribution of 

HLA alleles among different populations have revealed extensive sequence diversity in 

the HLA class I and to a lesser extent, class II loci (Imanishi et al., 1992; Apple and 

Erlich, 1996; Wells and Parham, 1996). The analysis of HLA diversity consider; patterns 

of genetic reassortment, selective pressures upon a population and human migration 

(Trachtenberg et al., 1995). Mechanisms of recombination are instrumental in the 

generation of new HLA hapiotypes (intergenic recombination) and new HLA alleles 

(intragenic recombination).

Throughout the MHC, there are groups of related genes, both functional and non

functional that share sequence similarities with complete functional genes. This suggests 

that gene duplication has played a role in the generation of genes within the MHC. The 

presence of classical class I and class II HLA genes that present peptides suggest that 

each of these molecules have evolved for a specific function. One theory to explain the 

apparent limitation in the number of expressed loci is that an increase in the number of 

allotypes expressed by an individual would increase the number of HLA class I and II 

molecules presenting “self’ peptides during the positive and negative selection of T-cells
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in the thymus (section 1.10.2) (Parham and Ohta, 1996). Therefore, allowing a large 

number of specificities without compromising the selection of autoreactive T-ceUs.

Combined with other mechanisms of generating diversity within the MHC, point 

mutation has contributed to the existence of many HLA alleles. Evidence for this comes 

from unique nucleotide substitutions not shared with other related alleles, suggesting an 

exclusive recombination event. The sharing of segments between alleles and even loci is 

indicative of exchange or recombination, commonly, non-reciprocal exchange where 

there is a transfer of a sequence motif from one allele to another (Parham et al., 1989; 

Madrigal et al., 1992). Examples of intergenic gene conversion are also found between 

HLA-B and -C probably due to the proximity on the chromosome. More specifically, 

the recombination between B*1501 and Cw*0102 which generated B*4601, where the 

segment in the a l  helix from the Cw*0102 allele replaces the identical region in the 

B*1501 allele (Zemmour and Parham, 1992a; Zemmour et al., 1992b). Intragenic 

conversion, although a relatively rare event and has been exhibited in germ line studies in 

DPB 1 sequences isolated from sperm. The identified DPB 1 sequences differed from the 

parental cell line by short segments with exon 2 (Zangenberg et al., 1995).

Inheritance of two HLA alleles confers the benefit by heterozygote advantage (Hughes 

and Nei, 1988) in that possession of two distinctive peptide binding specificities increases 

the number and diversity of antigenic peptides bound. In comparison with homozygous 

individuals the immune response against any pathogen is increased by a factor of two. 

The range of antigenic peptides binding to HLA-A, -B or -C molecules is further 

increased if the pairs are divergent, as subtypes of the same antigens would overlap in 

their peptide specificity (Hughes and Nei, 1988).

4Despite this degree^polymorphism described in section 1.8.4 most classical MHC loci are 

not evolving more rapidly than other genes (Klein et al., 1993). Allelic diversity in and 

around the peptide-binding groove appears to be formed, mostly, by the accumulation of 

point mutations (McDevitt, 1995; Watkins et al., 1992). A combination of the above 

mechanisms in the generation of polymorphism within the MHC is driven and selected 

for by of the capacity of HLA molecules to present foreign peptides to the effector
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cellular immune response in order to fight disease. Those individuals able to present an 

immunogenic peptide from an infectious pathogen will survive to pass on their alleles to 

further generations, elevating the frequency of those alleles within the population. While 

those that do not possess the HLA-B*5301 allele in an African population were 

associated with resistance to Malaria (Hill et al., 1992). Polymorphism in the coding 

region of other genes, with immunological importance, within the MHC may influence 

immunological function (Udalova et al., 1993). For example, variation in the promoter 

region for tumour necrosis factor a  (TNFa) is associated with elevated levels of this 

cytokine associated with increased pathogenesis with cerebral malaria (Garcia-Merino et 

al., 1996; McGuire et al., 1994).

The MHC variants in the population are positively selected. The ability to mount an 

immune response against pathogens provides the most probable mechanism of this 

positive selection (Hill et al., 1992), however, influences on mating preferences (Potts et 

al., 1999; Yamazaki et al., 1990), fetal survival (Hedrick and Thomson, 1988) and 

hfespan (Yunis et al., 1984; Smith and Walford, 1977; Crew, 1993) are some other 

possibilities. Nevertheless, the strongest MHC associations in humans are found with 

with diseases, especially autoimmune diseases (section 1.8.8.1.). Genes without 

immunological function (within the over 100 genes located in the MHC) could also 

mediate positive selection. For instance, olfactory receptor genes have been found in the 

MHC class I region (Fan et al., 1995), which could explain the MHC associations with 

mating preferences (Crew, 1993).

1.8.6. Haplotypes and linkage disequilibrium.

As discussed in section 1.8.4., the effect that HLA polymorphism has upon an 

individual’s ability to mount an immune response is governed by the combination of gene 

products within the MHC. From population studies it is apparent that some alleles occur 

more frequently together than expected by chance. This non-random pairing of alleles in 

the MHC is called gametic or linkage disequilibrium and it is influenced by the low 

recombination rate in areas of the MHC region (Thomson, 1995; Begovich et al., 1992).
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Recombination can occur at various locations usually between homologous 

chromosomes involving segments of varying length. The genes found between the sites 

of recombination (or “hot spots”) are less likely to be separated as a result of 

recombination and are considered linked (Cullen et al., 1997). These genes found closely 

linked are said to be in linkage disequilibrium and remain associated through successive 

generations within a particular population.

Population Association in different haplotypes

HLA-DRBl -DQAl -DQBl

Caucasian 0405 0301 0302

African 0405 0301 0201

Japanese 0405 0301 0401

Philippines 0405 0101 0503

Table 1.2. The linkage disequilibrium of HLA-DRB1 *0405 with DQAl and DQBl 

alleles in different ethnic populations.

A reduced frequency of recombination within certain regions of the MHC results in the 

stable inheritance of a combination of alleles. For example, in some populations, the 

association of particular HLA class II alleles is almost absolute as shown in table 1.2. 

(Parham and Ohta, 1996). The classic example of linkage disequilibrium defined by both 

HLA class I and class II alleles in the HLA system is the HLA-Al, -B8, DR3 haplotype, 

which is common in Northern Europe at a frequency of approximately 10% (Imanishi et 

ak, 1992).

This, linkage disequilibrium could extend over the whole MHC (Awdeh et al., 1983), for 

instance the alleles Al, B8, TNFa2, DR3, DQ2, TAP2*0101 and DPB1*0101 are known 

to often be inherited together in an “extended haplotype” (Djilali-Saiah et al., 1996). 

However, the high frequency of conserved haplotypes within a population suggests 

maintenance by positive selection. This is either due to the potential array of peptides 

that can be bound to the encoded HLA molecules or by other advantageous loci within
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the haplotype. These extended haplotypes have become evolutionary conserved and are 

often referred to as ancestral haplotypes (Degli-Esposti et al, 1992).

In the context of this investigation, due to the number of genes present within an 

extended haplotype it could be difficult to determine which alleles are more strongly 

associated or linked with a disease or immunological trait (Svejgaard and Ryder, 1994). 

Bearing this in mind, in the next section I consider how genetic association studies have 

approached the relationship between a genetic marker and disease.

1.8.7. Genetic association studies.

Mutant, knockout or transgenic mouse models have allowed the analysis of complex 

traits, whereas, human studies rely upon association analyses (Milich, 1991; Nadeau et 

al., 1995; McCleod et al., 1995). As presented in this thesis, the association of a 

particular trait (in this instance immunological) combines both genetic and 

epidemiological information to identify the genes that substantially influence the 

expression of human complex phenotypes. Epidemiological information includes risk 

factors that could influence the trait under study (e.g.viral exposure, environmental, 

demographic etc).

The sequencing of the human genome has provided fundamental tools with which to 

perform genetic analysis studies involving markers of disease (Dib et al., 1996). For 

complex disease association studies genetic information is derived from familial 

relationships between study participants or from typing of genetic markers determined by 

the sequence analyses above. Two strategies can be used in this context: The first, the 

“candidate gene” method involves the typing of a few markers in a limited number of 

chromosomal regions containing the genes related to the phenotype under study. The 

second method is a random search along the genome for chromosomal regions that could 

be involved in the control of the phenotype.

Classical association studies are population based case control analyses. These evaluate 

the frequency of a given allelic marker in unrelated persons exhibiting the phenotype
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compared to controls without the phenotype (Khoury et ai., 1993; Lander and Schork, 

1994). These studies must consider diallelic markers and their relationship to phenotype. 

From these initial analyses the investigators can predict if the phenotype and the 

candidate allele are directly associated with the trait or have no direct effect upon the 

phenotype but are in linkage disequilibrium with an allele responsible for the phenotype. 

Linkage disequilibrium in this case either suggests that the two alleles are inherited 

together or that preferential association of the two loci is more frequent than expected 

from the control groups. Association studies therefore use the candidate gene approach 

when considering markers that are within or in close linkage with a gene related to the 

phenotypic response.

The introduction of admixed populations into such studies comphcates these analyses 

and from this may lead to the identification of a population marker rather than one that is 

related to the phenotype. Although difficult in out-bred human populations, the study 

can be limited to a single ethnic group. Alternatively, to fine-tune an association 

analysis, family based methods have been developed such as the transmission 

disequihbrium test (George et al., 1998; Ewens and Spielman, 1995). In these tests the 

study group includes the two parents and an affected child, where the parent alleles not 

transmitted to the child are used as controls. This method can be used in the context of a 

genome-wide search (Ewens and Spielman, 1995).

Thus the above linkage methods of screening for candidate alleles for association with 

genetically transmitted traits have proved useful in the identification of disease 

association (Todd and Farrall, 1996; Ebers et al., 1995; Hill et al., 1992; McGuire et al.,

1994).

1.8.8. Association of genetic markers and disease.

The molecular basis of many genetic diseases in man has been identified through gene 

cloning. From a combination of molecular analysis and genetic epidemiology in 

population based studies outlined above many phenotypic traits can potentially be 

analysed. These traits or diseases conform to the principles of Mendelian segregation in
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that their segregation can be classified as either dominant or recessive and phenotypic 

effects can be followed within generations. The genetic lesions underlying the disease 

pathology of these single gene disorders (eg. cystic fibrosis, muscular dystrophy, 

haemochromatosis) have been shown to be specific mutations which affect the amino 

acid sequence and function of the cognate proteins, or which directly affect gene 

expression (Bellamy and Hill, 1998; Fernandez-Reyes et al., 1997).

I.8.8.I. Autoimmune Disease associations.

The autoimmune diseases insulin dependent diabetes mellitus (IDDM), muscular 

sclerosis (MS), systemic lupus erythematosus (SLE), rheumatoid arthritis and Coeliac 

disease all been shown to have a genetic contribution from within the MHC (Vyse and 

Todd, 1996; Todd, 1995; Dorman et al, 1990; Johansen et al, 1996). However, these 

genes associated with disease do not segregate in a simple Mendelian pattern or easily 

classified as dominant or recessive (as they have complex segregation patterns) and are 

unlikely to be single genes disorders (Rook and Stanford, 1998).

Antigen presenting HLA class II molecules (particularly HLA-DQ) were originally 

identified as a contributing factor in both susceptibility and resistance to IDDM (Todd et 

al., 1987; Dorman et al, 1990). Indeed HLA class II alleles have been implicated in other 

autoimmune diseases (reviewed in Campbell and Milner, 1993; Todd et al., 1988) but 

once again the associations are not simple. The strong genetic contribution of the 

IDDMl locus within the MHC is not fully accounted for by HLA class II variants (Todd 

and Farrall, 1996). More recent haplotype studies have looked at the contribution of 

particular combinations of class II alleles or haplotypes to autoimmune disease eg. MS 

(Marrosu et al., 1998). Further haplotype studies and the eventual sequence analysis of 

the MHC will provide more powerful genetic analyses for disease associations 

(Merriman et al., 1998), particularly when applied to less admixed patients (Lernmark 

and Ott, 1998).

The common functional variants of particular genes or "aetiological mutations" are 

neither necessary nor sufficient to account for disease alone yet are present at increased
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frequency in affected individuals (Vyse and Todd, 1996). Therefore, the gene products 

may act interact epistatically with other genes or gene variants predisposing the 

individual to disease either with or without the involvement of environmental factors 

(Rook and Stanford, 1998). Genetic epidemiological analyses have shown that other 

non-MHC loci are also involved (Ebers et al., 1995). For instance, in IDDM, 12 

chromosomal locations are implicated in the aetiology of the disease (Cordell and Todd,

1995). However which genes are primarily involved has not yet been resolved.

I.8.8.2. Infectious Disease Associations

In malaria-endemic areas, people with abnormal haemoglobins or glucose-6-phosphate- 

dehydrogenase deficiency have a reduced risk of developing severe malaria (Pasual et al., 

1978; Ruwende et al., 1995). Also a study in Gambia (HiU et al., 1992) showed that an 

HLA class I antigen and HLA class II haplotype were independently associated with 

protection from severe malaria. In the same population, people homozygous for a 

variant of the TNF-a gene promoter, denoted as TNF2, were found to have an increased 

risk (independent of their HLA alleles) for cerebral malaria (McGuire et al., 1994; 

Wilson et al., 1997). The positive selection of certain genes (section 1.8.5.) mediated by 

malaria or even mycobacterial has resulted in the phenotype encoded within chromosome 

6 (Bellamy and Hill, 1998; Hill et al., 1992). However, they cannot entirely explain the 

large inter-individual variable responses to the parasite that indicate the involvement of 

other genes outside chromosome 6 (Bellamy and Hill, 1998). An example of the 

contribution of genetic selection in the susceptibility to disease came when HIV-1 

infection seropositive or seronegative status was associated with the gene encoding the 

CC-chemokine receptor 5 (CCR5), the coreceptor of macrophage-tropic HIV-1 strains 

(Paxton et al., 1998; Michael et al., 1997; Wu et al., 1997). Individuals exposed many 

times to HIV-1, remained uninfected and were shown to be homozygous for a defective 

CCR5 allele containing an internal 32 base-pair deletion (delta 32) (Paxton et al., 1998). 

However, reports showed that this protection was not complete and dependent upon the 

strain of the virus and within the Alfican population the CCR5 mutation is absent. 

(Huang et al., 1996; Fdelstein et al., 1997; Cohen et al., 1997; Morawetz et al., 1997; 

Fugen-Olsen et al., 1997; Kokkotou et al., 1998; de Roda Husman et al., 1997; Bratt et 

al., 1998)
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Similar studies have addressed the association of specific HLA class II alleles and 

antigens with outcome of hepatitis B infection; HLA DRB 1*1301 was associated with 

the resolution of hepatitis in a Gambian population and protection from chronic hepatitis 

B in a German population (Thurz et al,  1995; Hohler et a l,  1997). The HLA-DR2 

antigen was associated with chronicity in a population from Qatar (Almarri and 

Batchelor, 1994). In a Dutch population the presence of HLA-DR7 was linked with 

chronicity, whereas DQwl was associated with protection (van Hattum et al., 1987). 

Specific studies on the HLA class I association with acute or chronic HBV infection 

remain unconvincing (Sampliner et al., 1981; Levo et al., 1982). These studies remain 

inconclusive and emphasise the variability, which exists depending upon the population 

investigated.

1.9. Influence of HLA class I and class II on T-cell immunity.

There are certain specialised cells within the body such as dendritic cells and 

macrophages whose role is to capture foreign antigens and present them to T-cells. To 

generate a T-cell response most antigens have to be initially processed before 

presentation to T-cells in conjunction with HLA class I and class II molecules (Goldberg 

and Rock, 1992; Zinkernagel and Doherty, 1975).

1.9.1. Expression of the HLA class I and class II molecules.

The distribution of the two classes of MHC molecules reflects the functions of these 

molecules in the immune response. HLA class I is expressed on virtually every nucleated 

cell, with the exception of the central nervous system neurones, corneal endothelium, 

exocrine cells of the pancreas and placental trophoblast (CressweU, 1987; Lechler, 

1994). This relates to the fact that any nucleated cell maybe infected by viruses or other 

intracellular pathogens. Hence, cells that express HLA class I molecules can act as 

targets for activated CTL.
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HLA class II molecules are constitutively expressed primarily on haematopoetic cells 

(not mature granulocytes, erythrocytes or fully differentiated B-cells) and thymic cortical 

epithelial cells to enable positive selection of differentiating thymocytes (CressweU, 

1987). Expression can be induced on many ceU types including; endotheUal ceUs, 

epitheUal ceUs, fibroblasts, kératinocytes, astrocytes and T-ceUs (Braunstein and 

Germain, 1987). These ceUs types, together with professional APCs are found within the 

lymphoid tissue (where naïve T-ceUs first encounter processed antigen).

Cytokines can enhance HLA-class I and -class II expression, particularly Interferon y 

(IFNy) and tumour necrosis factors (TNFs), released during immune recognition. These
on

cytokines increases the level of HLA-class I and -class II and induces expression^other 

ceU types. Indeed, IFNy also enhances the intraceUular machinery of APCs. Enhancer 

elements for upregulation of HLA are located in the promoter region surrounding the 

HLA-class II genes. These enhancer elements contain conserved DNA motifs that can 

also be found in HLA-class I and the promoter of P2M (Mach et al., 1996; KeUy and 

Trowsdale, 1985).

1.9.2. Processing and presentation of antigen for T-cell recognition.

Both CTL and Th ceUs recognise target antigens consisting of short peptide fragments in 

the context of HLA-class I and class II, respectively (Babbit et al., 1985). During 

processing antigens, derived from either endogenously or exogenously, are firstly 

denatured and partiaUy degraded into peptide fragments (Ceppellini et al., 1989). 

EssentiaUy the presentation of soluble antigens to T-ceUs occurs via a complex but 

efficient process divided into 2 steps: Antigen is processed and expressed in the context 

of HLA class I or class II molecules at the ceU surface (Lanzavecchia et al., 1992). Once 

expressed in the context of the HLA molecules as few as 100 HLA/peptide complexes 

can seriaUy engage and trigger perhaps 18,000 TCRs (VaUtutti et al., 1995).
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1.9 2.1. Assembly of the HLA class-I molecule and peptide.

The HLA class I molecules are involved in presenting peptides from the endogenous 

pathway of antigen presentation associated with viruses and other intracellular proteins. 

The peptides are presented to CD8^ CTL, which kill the target cell (Bodmer et a l, 1989; 

McMichael et al., 1986). Proteins which are presented by HLA class I molecules include 

self and viral proteins or proteins originating from intracellular pathogenic bacteria that 

enter the cytosol. These proteins are degraded in the cytosol by large multicomponent 

complexes called proteasomes, which are made up of 28 subunits. Two subunits of the 

proteasome, called LMP2 and LMP7 are encoded on chromosome 6, within the MHC 

region (Goldberg and Rock, 1992).

Peptides, produced by the proteasome, have carboxy-terminal residues that are preferred 

anchor residues for binding to HLA-class I and also by transporters associated with 

antigen processing (TAP). These peptides are then delivered to the endoplasmic 

reticulum (ER) via ATP-dependent transporters, TAP proteins. These molecules are 

also encoded on chromosome 6, and are present as heterodimers, TAPI and TAP2 

(Trowsdale et al., 1990; Momberg et al., 1994). Moreover, TAP independent transport 

has been described (Henderson et al., 1992). Assembly of the functional HLA class I 

complex occurs within the ER. Newly synthesized HLA-class I a  chains bind calnexin 

until dissociation occurs upon binding p2 microglobulin (P2M). Tapasin, also found on 

chromosome 6, forms a bridge between TAPI and 2 heterodimer until peptide binds, 

however the precise function^not currently known (Williams and Watts, 1995). The 

HLA class I heavy chains and P2M are co-translationally inserted into the ER membrane 

until a stable molecule consisting of HLA class I heavy chain, the peptide and P2M is 

transported to the cell surface (Krensky, 1997). Not all newly synthesised HLA class I 

heavy chains and p2 microglobulin assemble into stable complexes and excess free P2M is

secreted out of the cell (NeeQes and Ploegh, 1988). Also unstable empty molecules of 

HLA class I dissocia 

Madrigal et al., 1991).

HLA class I dissociate rapidly and retained intracellularly (Benjamin et al., 1991;
A
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I.9.2.2. Antigen uptake for HLA-class II processing.

The HLA class II molecules bind peptides generated from the exogenous pathway 

(endosomal/lysosomal) (CressweU, 1994). Most peptides presented in the context of 

HLA class II molecules are derived from bacterial and multiceUular pathogens. Vaccines 

are captured by APCs, in a process that occurs by binding of antigen to specific receptors 

or uptake in a fluid phase (CressweU, 1994; Penna et al., 1992; Banchereau and 

Steinman, 1998). Interaction of the HLA class II molecules with the CD4^ helper T 

lymphocytes produces an ampUfication of the immune response, initiating both ceUular 

and humoral immune responses.

Antigen is efficiently taken up in particulate form via pinocytosis or the endocytic 

pathway. Soluble antigens, such as those used for vaccination require adjuvant in order 

to access the HLA-class II pathway. Once the HLA-class II immune response is initiated 

the uptake process can utilizes antibody bound to foreign antigens to aid capture 

(opsonisation) (McCuUough et al., 1988; CeUs et al., 1984). Moreover, naïve B-ceUs, 

although capable of uptake and processing, cannot efficiently present antigen as they lack 

the costimulatory molecules critical for presentation (Tew et al., 1997) (section 1.10.5.). 

If the costimulatory molecules have been upregulated in the B-ceU by Upopolysaccharide 

(LPS) or other stimuU they can behave as APC (Tarlinton, 1997). However, dendritic 

ceUs play a central role in the capture of antigen at peripheral sites in the initiation of the 

immune response. These ceUs are the most efficient APCs, adapted as they are with high 

HLA class II expression of and specific recycling antigen receptors (Lanzavecchia, 

1998). Upon contact with antigen, dendritic ceUs migrate to secondary lymphoid organs 

where they encounter and present peptides to naive T-ceUs (Lanzavecchia, 1998). On 

induction with inflammatory cytokines (IL-1 and TNFa) they switch rapidly from an 

‘antigen capture’ state to ‘T-ceU stimulatory’ mode (SaUusto et al., 1995). Other surface 

molecules can act as occasional receptors for uptake of antigen; however, these have 

principaUy been demonstrated for virus receptors e.g CD4 in HIV infection, (Salemi et 

al., 1995).
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19.2.3. Assembly of the HLA class-II molecule and peptide.

The internalised proteins enter the cells by endocytosis where they are enclosed in 

vesicles that become increasingly acidic as they progress into the cell (CressweU, 1994; 

CressweU, 1998). These vesicles contain proteases (cathepsin B, D and L), which 

degrade the antigen and become active as the pH within the vesicle lowers (Germain et 

al., 1996).

The HLA class II molecules are assembled without peptide, which is added later in an 

intermediate compartment between the ER and the ceU surface (CressweU, 1994). 

FoUowing biosynthesis, the HLA class II a  and P chains are inserted into the ER 

membrane, co-translationaly. At this point the a  and p chains associate with a molecular 

chaperone, the ‘invariant chain’ (li) (CressweU, 1992; Newcombe and CressweU, 1993). 

WhUst the complex is being formed at the surface of the ER, an association with the 

component parts and calnexin occurs. The HLA class II dimers assemble together with 

li to form a nonameric (apli)] complex that is efficiently exported from the ER but 

cannot yet interact with peptide as the binding groove is occupied by the CLIP region of 

the intact invariant chain (Roche et al., 1991; Watts, 1997). The peptide loading takes 

place in the endocytic system characterised by a high concentration of endosomal and 

lysosomal pro teases known as cathepsins (CressweU, 1998). As above, antigen entering 

the ceU is taken up by pinocytosis or receptor mediated endocytosis and passes through 

the early endosome into a compartment for peptide loading. The fragment of the 

invariant chain, CLIP, remaining as a ‘placeholder’, interacts with the MHC encoded 

HLA-DM heterodimer and aUows the interaction of tightly binding peptides, derived 

from degraded foreign proteins. In ceUs such as the thymic epitheUum and B-ceUs, the 

binding to HLA-DO negatively regulates HLA-DM, the reason for this is not yet known 

(van Ham et al., 1997). The compact trimeric HLA class II structure is transported to 

the ceU surface to display the peptide to T lymphocytes (Krensky, 1997).

There is evidence that non-classical HLA class I and CDl molecules are loaded with 

Ugands by unknown mechanisms (Maher and Kronenberg, 1997). Studies involved in the 

processing and presentation of the hepatitis B surface antigen (HBsAg) and antigens
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from measles and influenza demonstrated that MHC class II molecules can present 

endogenous antigens and exogenous antigen can be processed in the context of MHC 

class I molecules (Jin et al, 1988; Jacobsen et al., 1989; Chen et al., 1990). In general, it 

can be assumed that there is a strong bias towards HLA class I molecules being 

associated with endogenous antigen and HLA class II with exogenous antigen.

I.9.2.4. Antigen presentation of peptide.

Fundamental to the MHC restriction described above, is the interaction of the TCR with 

the peptide-binding region of the MHC molecule. This interaction derives from contacts 

between the a-helices of the MHC-class I molecule, or p heterodimer in MHC class II, 

together with those residues in the bound peptide facing outward. As the structures of 

the HLA class I and class II molecules differ in the binding groove, the characteristics of 

the peptides found in the groove of the molecules also differ. The HLA class I molecule 

has a structure which is blocked at both ends that limits the peptide to typically 8-11 

amino acid residues in length. Whereas, the HLA class II molecules have a more open 

structure at the ends of the peptide-binding groove, this allows peptides of 12-28 

residues to be presented (Deng et al., 1993).

Both HLA class I, class II molecules have regions within the peptide binding groove that 

accommodate peptide side chains thus, not every peptide generated by proteolysis has 

affinity for a given HLA molecule (Brown et al., 1988; Rammensee et al., 1995; Dessen 

et al., 1997). Consequently, only a certain set of peptides will be presented to T-cells. 

However, some peptides may bind to more than one HLA molecule depending upon the 

similarity between the peptide binding grooves. Thus, HLA polymorphism around the 

peptide-binding groove, governs the ability to bind and present peptides (Madden et al., 

1992).

Although much work has involved the binding motifs of MHC class I molecules, the 

predicted MHC class II motifs remain under investigation (Rammensee et al., 1995; 

Nelson et al., 1996; Fremont et al., 1998). This may be due to the variable length and 

folding that might occur in longer peptides associated with HLA class II alleles.
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Although the identification of anchor residues is vital, the contribution of the remaining 

residues present in the peptide may also be important in the affinity of the peptide and T- 

cell interactions, as shown for HLA class I (Barber and Parham, 1994).

Overall, the essential feature of the peptide, MHC, TCR interaction is not necessarily so 

a T-cell can discriminate between different peptide, rather self from non-self. 

Consequently, the TCR must display a high degree of cross reactivity to respond to any 

“presentable” foreign peptide, without leading to autoimmunity. Therefore, an element 

of cross reactivity is intrinsic in antigen recognition, tempered by immunological 

‘education’, which T-cells undergo. The thymic education of T-ceUs serves to prevent 

autoimmunity and increase recognition of self, as outlined in section 1.10.2.

1.10. T- and B-lymphocytes.

The function of a mature T lymphocyte is to recognise MHC-bound peptides and if these 

are non-self in origin, to initiate an adaptive immune response. The T-cell recognises 

peptide bound MHC by the TCR. During T-cell development the repertoire of TCRs is 

selected based on the avidity for MHC and peptide. However, B-cells recognise antigen 

by the cell surface Ig (B-cell receptor (BCR)) and are the effector cells of humoral 

immunity. Once activated by antigenic stimulus B-cells differentiate into plasma cells 

that produce antibody with the same specificity as the BCR. Production of antibody by 

the B-cell requires Th-cell that provide signals to produce antibody.

1.10.1. TCR.

The genetic organisation of the TCR is similar genetic organisation to that seen found in 

B-cell receptor and antibody formation, with variable (V), diverse (D) and joining (J) 

regions (Davis and Bjorkman, 1988). Assembly of the TCR takes place firstly, by 

rearrangement of the appropriate DNA segments making a functional gene (Davis and 

Bjorkman, 1988). Secondly, 2 different chains are united into heterodimers, either a(3 or 

yô chains, resembling the typical Fab fragment of an Ig molecule. The chains are 

synthesised in the cytoplasm independently of each other. They associate with their
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partner (a  with p and y with ô chains) to migrate to the cell surface (Davis and 

Bjorkman, 1988). This complex associates with another complex molecule, CD3, which 

is intimately involved in signal transduction during activation of the cell. The aP TCR 

heterodimers are co-expressed with CD4 or CD8 molecules, which recognise invariant 

parts of the MHC molecule (Salter et al., 1990; Konig et al., 1992). The array of TCRs 

entering the periphery in the human is selected by the ability to respond to non-self in the 

context of self-HLA (Ashton-Rickardt and Tonegawa, 1994). .

1.10.2. Thymic education.

T-cells develop in the bone marrow and migrate to the thymus where they undergo 

proliferation and phenotypic changes. The progenitor cells arriving in the thymus 

interact with stromal tissue and are stimulated to proliferate. In the thymus of a mouse 

approximately 50 million new cells arise through division each day (ScoUay et al., 1980). 

Since the number of cells in the thymus remains constant and only 1 million cells leave 

the thymus daily, 98% newly generated cells die each day (ScoUay et al., 1980). These 

ceUs die by a mechanism of programmed ceUs death known as apoptosis.

Immature ‘double-negative’ (CD4", CD8 ) thymocytes initiaUy begin to express CD44 

(adhesion molecule) then CD25 (a chain of the IL2 receptor). The CD25\ CD44^ 

thymocytes begin to arrange the p-chain genes of the TCR The P-chain becomes 

expressed in association with a surrogate a chain, which upon assembly assembles with 

CD3 to be expressed at the ceU surface. Once this complex is expressed at the ceU 

surface this leads the ceUs to proUferation. During their proliferative stage, ceUs enter 

deeper into the thymus and change phenotype again to become CD4^ and CD8^. At this 

stage the ceUs are caUed “double positive” thymocytes (CD3\ a :p \ CD4^, CD8^) CeUs 

that faU to express TCR die at this stage. To progress in their development the double 

positive ceUs must engage MHC molecules primarUy on thymic epitheUal ceUs and 

possibly on other ceUs. Only the thymocytes that have engaged MHC on epitheUal ceUs, 

upregulate their TCR and proceed to thymic maturation. The next step in maturation 

remains debatable. There appears to be certain thresholds of avidity, which when 

reached, quaUtatively change the response of the ceU (Kisielow and von Boehmer, 1995).
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If there is a weak or no interaction between the TCR and peptide/MHC ligand then no 

‘lifesaving’ signals are transmitted and the cell undergoes apoptosis. If the avidity is 

strong enough to keep the ceUs together but below a certain threshold, differentiation 

signals are generated (positive selection). But if the avidity between the TCR and the 

peptide/MHC complex is strong, and above the threshold, the thymocyte undergoes 

apoptosis (negative selection) (Kisielow and von Boehmer, 1995). In summary, von 

Boehmer et al suggested that the thymus; “selects the useful, neglects the useless and 

destroys the harmful” (von Boehmer et al., 1989).

1.10.2.1. Holes in the T-cell repertoire.

Extensive deletion of differentiating thymocytes with potentially ‘self reactive’ 

specificities theoretically leave room for holes in the T-cell repertoire that may appear as 

a failure to mount an immune response against certain antigens (MuUbacher et al, 1981). 

An association with the failure to recognise antigen related to a specific MHC allele 

would perhaps predict a dominant gene factor leading to the inheritance of such ‘holes’ 

(MuUbacher et al., 1981).

1.10.3. T-cell mediated immune suppression.

Mechanisms of specific immunologic unresponsiveness or tolerance and the regulation by 

the MHC have been shown in mouse models (Quin et al., 1993) with reference to 

transplantation tolerance. Specific antigen suppression has been demonstrated in 

response to hen egg lysozyme (HEL) where H-2'  ̂mice are nonresponders and H-2^ mice 

produce a strong antibody response (Adorini et al, 1979). Enzymatic modification of 

the COOH-terminal fragments enabled the H-2'  ̂mice to mount a response. This led to 

the concept that antigens may contain specific suppressor elements leading to T-ceU 

mediated suppression (Adorini et al, 1979).

The quality of the response produced by Th ceUs has implications for vaccine 

development and immunomodulation. Apart from cytokines (section 1.10.7.) and 

costimulatory signals (section 1.10.5.), antigens and the presenting MHC molecules may
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play a role in determining the type of T-cell response generated toward antigens. The 

role of antigen and/or HLA in control of the immune response has been studied, for 

example, in the case CD4^ and CD8^ suppressor T (Ts) cells in Mycobacterium leprae 

(Salgame et al., 1991; Ottenhoff et al., 1990; Mutis et al., 1994). More specifically, 

Mutis et al reported that all HLA-DR2-restricted CD4^ Ts cell clones derived from a 

lepromatous leprosy patient recognize an epitope that maps between the amino acid 

residues 439 and 448 of the mycobacterial hsp65 (Mutis et al., 1994). The peptide was 

presented to these Ts cells by HLA-DRBl*1503. Thus, this data indicated that a 

specific peptide-HLA class II combination has the capacity to exclusively activate Ts 

cells (Mutis et al., 1994).

Low responsiveness to streptococcal cell wall antigen (SCW) was inherited as an HLA- 

linked dominant trait (Sasazuki, 1989). Further analysis revealed that low 

responsiveness to a number of other antigens (schistosomal antigen, M.leprae antigen, 

tetanus toxoid, cryptomeria pollen antigen and hepatitis B virus surface antigen) was 

related to an immune suppression gene in strong linkage disequilibrium with particular 

alleles of HLA-DQ locus (Esaki et al., 1994; Kamikawaji et al., 1991; Ottenhoff et al., 

1990; Matsushita et al., 1987; Watanabe et al., 1990; Hatae et al., 1992). Blocking 

experiments showed that anti-HLA-DQ monoclonal antibodies abrogated immune 

suppression in nonresponders, whereas, anti-HLA-DR did not (Watanabe et al., 1990; 

Esaki et al., 1994; Sasazuki, 1989). The effectors for these immune responses were 

thought to be CD8^ Ts-cells controlled by a MHC immune response gene that suppresses 

a population of antigen specific T-cells (Ottenhoff et al., 1990; Watanabe et al., 1990; 

Sasazuki, 1989). Salgame et al, also using the M. M.leprae antigen, demonstrated 

blocking with antibodies specific HLA-DQ and the T-cell receptor beta chains of the 

CD8^ clones inhibited CD8^ T-ceU and HLA-DQ specific in-vitro suppression (Salgame 

et al., 1991).

1.10.4. Immune response (Ir) gene effects.

Before the characterisation of the function and genetic organisation of the MHC was 

determined genes were thought to encode proteins that control the immune response
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(Cohn, 1972; McDevitt et al., 1972; McDevitt and Bodmer, 1974). These genes were 

thought to control the immune response to an antigen from eveidence gathered in inbred 

animal models (Cohn, 1972; Bluestein et al., 1971). Ir genes were also associated with 

the control of the immune response during disease (McDevitt and Bodmer, 1974). 

Mapping studies showed the Ir genes to be located within the mouse MHC region, long 

before the function of these proteins were discerned (Cohn, 1972).

It is now evident that immune response to an antigen is essentially controlled by the 

MHC through education (section 1.10.2) and characteristic peptide binding to MHC 

class I or class II molecules (Madden et al., 1992). Polymorphism surrounding the MHC 

class I and class II peptide-binding groove determines the ability of T-cells to generate an 

immune response (sections 1.8.4. and 1.9.). These polymorphic residues line the 

peptide-binding groove of the MHC molecules and determine the selection of the peptide 

based upon the amino acid sequence (section 1.8.4). Peptide selection has greatly 

contributed to the diversity of the HLA between different populations in conferring a 

selective advantage, against pathogens for example (section 1.8.5) (Hill et al, 1992).

The failure to generate peptides with specific binding motifs to bind the MHC molecule 

would lead to unresponsiveness. As seen in section 1.9., the immune response involves 

proteins from antigen processing to presentation that are encoded within the MHC 

region. The combination of these proteins was found to be significant in relation to the 

presence of an immune response element in individuals infected with HIV (Kaslow et al.,

1996).

1.10.5. T-cell activation.

Activation of naïve T-cells is triggered by the ligation of TCR with MHC/peptide 

complexes on the surface of an APC. This interaction induces phosphorylation of 

intracellular CD3-associated protein kinases in a cascade that leads to activation of the 

cell (reviewed in Weiss and Littman, 1994). Upon activation, the cell induces the 

expression of interleukin-2 (IL-2) and CD25 (Shaw and Dustin, 1997). IL-2 stimulates 

differentiation of T-cells and clonal proliferation. This also produces formation both
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intra- and extracellular complexes followed by an intricate series of phosphorylation and 

dephosphorylation events (reviewed in Janeway, 1992).

The T-cell differentiates into an effector cell capable of performing a cytotoxic function 

(CTL) or helping the humoral immune responses (Th). The CTL and Th-cells are 

functionally and phenotypically different from naïve cells (Wong et al., 1996). Activated 

T-cells express adhesion molecules that allow them to enter the vascular endothelium at 

the sites of inflammation.

The process of clonal expansion of naïve T-cells requires costimulation as a second 

signal delivered by the APC. This costimulatory signal involves the interaction of CD28 

(present on the surface of the T-cell), which binds to CD80 (B7-1) or CD86 (B7-2) on 

the surface of an APC. CD28 is the only receptor on the surface of naïve T-cells for 

CD80 and CD86. However, once T-cells become activated they express the cytotoxic 

lymphocyte antigen-4 (CTLA-4), which is structurally similar to CD28, and behaves as a 

negative signalling receptor regulating this process (Krummel and Allison, 1995). 

CTLA-4 is rapidly expressed on activated T-cells binding CD80 and CD86 with higher 

affinity than CD28 this has the effect of decelerating the immune response by rendering 

the activated T-cells less sensitive to APC, and reducing the amounts of IL-2 produced 

(Tivol et al., 1995; Mueller and Jenkins, 1995).

1.10.5.1 T-cell anergy.

The failure of T cells to engage co stimulatory molecules during the immune response 

results in the induction of a nonresponsive state called anergy. Anergy is considered to 

be one of the mechanisms involved in peripheral (or extrathymic) T-ceU tolerance 

(Schwartz, 1996). Several protocols have resulted in the induction T-cell anergy 

indicating the involvement of different cellular pathways in this unresponsiveness 

(Schwartz, 1996; de Waal Malefyt et al., 1991; Groux et al., 1996; Groux et al., 1997). 

The state is characterised by diminished IL-2 production but other cytokines such as 

interferon-y (IFNy), IL-12 and IL-4 remain unaffected (Schwartz, 1996). Anergy can 

also be induced using IL-10, possibly via preventing macrophages expressing the
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necessary costimulatory molecules (de Waal Malefyt et al, 1991; Groux et al, 1996; 

Groux et al, 1997). However, anergy may be overcome by providing costimulation up 

to 2 hours after TCR occupancy (Harding et al, 1998).

Some peptides may block proliferation altogether and induce a state of T-cell anergy, by 

minor changes in the peptide bound to MHC, which may generate partial signals (Sloan- 

Lancaster et a l, 1994). Indeed, a single amino acid substitution in a peptide determinant 

can create a state of anergy that cannot be overcome by the addition of costimulatory 

molecules or IL-2 (Sloan-Lancaster et al, 1994).

1.10.6. T-cell memory.

Following an immune response there is destruction of vast numbers of T-cells once the 

pathogen has been eliminated (Zinkernagel et al., 1996). However, primary responses to 

T dependent antigens are generally followed by long-lived immunological memory, 

which confers the ability to give a heightened response upon secondary contact with 

antigen (Gray, 1993; Sprent, 1994; Zinkernagel et al., 1996). These memory cells arise 

during later stages of the primary immune response. A small proportion of T-cells avoid 

apoptosis following the cessation of the immune response and survive, possibly by 

upregulation of the Bcl-2 family of molecules (Beverley, 1991). Generally, T-cells 

encountering high concentrations of antigen within the lymph nodes and differentiate into 

effector cells. Memory cells avoid this contact with high concentrations of antigen but 

reside within the lymph node and develop a heightened sensitivity for antigen (Sprent et 

a l, 1997). The mechanism of maintenance is much debated but it is generally thought 

that they require periodical contact with small amounts of antigen perhaps persisting on 

follicular dendritic cells in the lymph node (Gray, 1993).

1.10.7. Th-cells in the immune response.

CD4^ Th cells secrete a range of cytokines able to promote or impede the response of T- 

cells following activation. Mosmann et al identified 2 different types of cytokine patterns 

produced by long term cultured mouse Th clones; these provided help to different arms
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of the immune system and have a regulatory effect upon each other (Mosmann et ai., 

1986). The Thl or Th2 development depends upon variables such as; antigen dose, 

characteristics of the peptide, ligand density, the genetic background and the presence of 

sufficient co-stimulatory signals (Sloan-Lancaster et al., 1994; Thompson, 1995; 

Constant and Bottomly, 1997; Sun et al, 1997).

Both Th subsets appear to arise from a common precursor cell (ThO) and depending 

upon the cytokine environment may develop into Thl or Th2 (Sad and Mosmann, 1994; 

Scott et al., 1988; Yamamura et al., 1991). The Thl cells predominantly produce IL-2, 

IFNy and tumour necrosis factor-p (TNF(3). The Th2 cells produce IL-4, IL-5, IL-6, IL- 

10 and IL-13. Both Thl and Th2 cells produce other cytokines such as IL-3, and 

granulocyte macrophage colony-stimulating factor (GM-CSF). IFNy and IL-12 are the 

major cytokines promoting outgrowth of Thl cells and IFNy prevents the development 

of Th2 cells (Constant and Bottomly, 1997). IL-12 on the other hand does not affect 

Th2 cells during development, but enhances the production of IFNy from T-cells leading 

to Thl expansion (Reiner and Seder, 1995). With regard to Th2 cells IL-4 has the 

greatest influence driving Th2 differentiation (Constant and Bottomly, 1997). The 

source of exogenous cytokine, effecting T cell differentiation, is thought to come from 

the innate arm of immunity and needs to be present at the site of T-ceU/antigen contact 

within hours of immunisation or infection (Cua et al., 1996; Coffman and von der Weid, 

1997).

In general, the Thl cells are specialised for the activation of macrophages that are 

infected by or have ingested pathogens. Their effect is mediated by IFNy, membrane 

bound CD40 ligand (gp39) and CD95 (Fas ligand) (Gray et al, 1994). Whereas, the Th2 

cells are specialised for the activation of B cells and assist in antibody production also via 

CD40 ligand (see below section 1.10.8) in addition to the production of IL-4 and IL-5 

cytokines (Stevens et al, 1988).

Two subsets of CD8^ T-cells have been identified and called Tel and Tc2, analogous to 

the Thl and Th2 paradigm (Croft et al., 1994). Tel cells characteristically secrete IL-2, 

IFNy and TNF-a, while Tc2 cells secrete IL-4, IL-5 and IL-10. These subsets CD8^ T-
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cell subsets may differ in their capacity to kill, provide help for B-cell antibody 

production and may be involved in the induction of inflammatory responses. Conversely, 

cytotoxic CD4^ CD56^ T-cells secreting Thl type cytokine profiles have been described 

(Barnaba et al, 1994).

1.10.8. Th2-cells in the antibody response.

To become activated the Th2 cells encounter antigen in the context of HLA class II on 

professional APCs generally in the lymph node parenchyma or T-cell zone. Following 

activation the Th-cell next encounters B-cells that have bound the same antigen and are 

held within the T cell zone of the lymph node. Adhesion molecules LFA-1 and ICAM-1 

on the Th-cell and B-cell permit the binding of CD40 ligand and the proximity for IL-4 

cytokine stimulation. The CD40 hgand, which is the ligand for CD40 present on the B- 

cell is necessary for the somatic hypermutation, immunoglobulin antibody isotype 

switching and B-cell memory (Foy et al, 1995; Foy et al, 1996; Gray et a l, 1996; Van 

den Eertwegh et al, 1993; Maclennan et al, 1997). Indeed, blockade of CD40 ligand 

impairs B-cells to produce antibody (Schwartz, 1996).

1.10.9. B-lymphocyte responses.

1.10.9.1 B-cell activation.

The surface Ig, which serves as the antigen receptor for B-lymphocytes, performs a dual 

function in that it both signals intracellularly and also binds antigen. Indeed, the antigen 

maybe internalised, degraded and presented in the context of HLA-class II. The 

structures of the receptors are members of the Ig superfamily of molecules. The B-cell 

receptor (BCR) binds carbohydrates lipids or synthetic chemicals. Interaction through 

the BCR is the initial step in activation, proliferation and differentiation into an antibody 

secreting plasma cell (Tarlinton, 1997). The signal fi*om the BCR may not be sufficient 

(see section 1.10.10.) to initiate the above steps, thus co stimulatory signals are provided 

by Th2 cells (Bonnefoy et al, 1995). Furthermore if the necessary signals are not 

received from the Th-cell, the B-cell enters a state of unresponsiveness or apoptoses 

(Cyster, 1997). This negative signalling process is thought to be a mechanism involved
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in preventing the production of potential autoreactive antibodies (Cyster, 1997). If the 

BCR binds a self-antigen it will not receive help from a T-cell, as this would have been 

deleted during thymic education (section 1.10.2.).

The activation of B-cells requires T-cell help involving the capture of antigen by specific 

(professional) APCs, such as dendritic cells (Banchereau and Steinman, 1998). As above 

(section 1.10.8.) the B-cell binds antigen, is partially activated and captured in the outer 

T-cell zone of the lymph node where it comes into contact with an activated Th-cell 

primed for the same peptide (Maclennan et al., 1997). The Th-cells aid B-cell 

proliferation and maturation via cytokines IL-4, IL-5 and IL-6 together with essential 

signals via CD40L interactions (Foy et al., 1995; Foy et al., 1996; Gray et al., 1996; Van 

den Eertwegh et al., 1993; Maclennan et al., 1997).

1.10.9.2 Antibody production.

Stimulation of the B-cell via contact with antigen results in proliferation and eventually 

become plasma cells secreting large amounts of IgM or IgG antibodies of relatively low 

affinity in the medullary cords (Maclennan et al., 1997). Following activation the B-cells 

migrate through T-cell zones of the lymphoid tissue and enter the primary follicles in the 

cortical regions of the lymph node where they initiate germinal centres (Lindhout et al., 

1997; Lui and Arpin, 1997).

The B-cells form germinal centres where they surround specialised APCs (follicular 

dendritic cells) and proliferate intensely (Lindhout et al., 1997). There is a gradual 

increase in the affinity of the antibody towards the initiating antigen over the course of 

the response. This ‘affinity maturation’ relies upon the dense network of Th-cells and 

follicular dendritic cells, which concentrate seemingly, unprocessed antigen on the 

surface of the cells for a long time (Gray et al., 1997). As the immune response develops 

the germinal centre becomes packed with B-cells and only variants with the highest 

affinity for the antigen are successful, whereas, those with antibody of lower affinities die 

by apoptosis (Lane, 1996; Lindhout et al., 1997). This process leads to high affinity 

antibody production, which becomes stronger as antigen becomes scarcer.
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An antibody is composed of heavy and light chains. The heavy chain contains the 

constant regions that determine the isotype of the antibody. The specificity of the 

antibody is a function of the variable regions, which bind antigen. By a mechanism of 

isotype switching any antigen-binding domain may become associated with a different 

constant region, the signals for this are CD40/CD40 hgand interaction and the cytokines 

from Th-cells (section 1.10.8) (Lane, 1996).

1.10.10. Humoral responses in viral infection.

In some cases, naïve and activated B-cells can respond to antigen independently of T-cell 

help, such responses require high concentrations of antigen that dehver a signal sufficient 

for antibody production. These antigens are called thymus independent antigens-1 (TI-1) 

and activate ceUs non-specificaUy resulting in a polyclonal response (Coutinho, 1975, 

Mond et al., 1995). TI-1 antigens induce polyclonal activation and are often induced by 

B-cell mitogens. Mature B-cells can also be activated by TI-2 antigens (Coutinho, 1975) 

specifically through the surface Ig with low concentration of antigen. The TI-2 ceU 

recognition occurs during HBV and rotavirus infections where the B-cell controls the 

infection in the absence of T-cell help due to highly repetitive motifs present in the 

surface antigens of the viruses. However, isotype switching from IgM to IgG or IgA is 

inefficient and long-term protection requires T-cell help (Thomson et al., 1997; Franco,

1997).

The importance of B-cell responses during primary infections varies for different viruses. 

Both hepatitis B and influenza viruses induce both T and B-cells for protection (Bender 

et al., 1992; Graham and Braciale, 1997) with a major contribution from CTL. 

However, Hepatitis B virus (unlike influenza) induces both T independent and dependent 

antibody responses yet require CTL to clear virus in primary infection (Englund et al., 

1998; Chisari, 1997). Overall in primary viral infection B-cell responses and the 

structure of the virus are essential factors in the generation of antibody. Specific 

neutralising antibody responses exert a selective pressure upon viruses. This selective 

pressure, has contributed to the outgrowth of certain virus variants. As discussed above
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in section 1.4.2., the selective pressure from anti-HBs induces the selection of HBV 

variants with a mutation in the ORP-S. This allows escape of these virus variants from 

the neutrahsing antibody response (Carman et a l, 1990; Waters et a l,  1992).

Some viruses have a high mutation rate that can produce quasispecies, some of these are 

capable of subverting the immune response and establish a persistent infection or chronic 

infection. This has been observed in a proportion of individuals infected with HBV 

(section 1.6.2.2.), hepatitis C virus (HCV) and HIV (Koziel and Walker, 1997; Wain- 

Hobson, 1992; Paxton and Koup, 1997; Miedema, 1992). Also it has been illustrated in 

the mouse using LCMV infection where the virus overwhelms the immune system and 

specific T-cells have been exhausted (Oxenius et al., 1998; Moskophidis et al., 1993). 

Consequently, antibody escape mechanisms by the virus must be considered when 

considering vaccine design (Kumar et al., 1994; Berzofsky, 1991)

Antibodies and not T-cells are critical effectors for the protection against almost all 

secondary viral infections, induced either by natural infection or via vaccination 

(Zinkernagel et al., 1996). Most successful antiviral vaccines are based on the induction 

of neutrahsing antibodies, for example, the secondary immune response to HBV, 

influenza or rubeha (Topham and Doherty, 1998; Doherty et al., 1997; Englund et al.,

1998). Virus-neutrahsing antibodies usuaUy inhibit cellular infection by blocking the 

interaction of viruses with the cellular receptor or by inhibiting fusion of the virus as seen 

for example in vesicular stomatitis virus infection (Flamand et al., 1993; Bachmann et al., 

1997). In addition, induction of conformational changes in the viral envelope has also 

been suggested to inhibit viral infectivity (Dulbecco et al., 1956; Carman et a l, 1990; 

Waters et a l,  1992).

1.10.11, T-cell responses to HBV infection.

1.10.11.1. CTL responses to HBV.

The CD8^ CTLs are thought to be the major mechanism for eradication of intraceUular 

and viral pathogens (Zinkernagel, 1993). However, using HLA-A2 individuals with 

acute hepatitis B infection a vigorous and polyclonal CTL response to multiple epitopes
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in the HBV envelope, nucleocapsid and polymerase proteins was seen (Barnaba et al., 

1989; Bertoletti et al., 1993; Nayersina et al., 1993; Rehermann et al., 1995). These 

were seen using HLA-A2 target cells pulsed with peptides derived from the HBV 

proteins above. The CTL responses to the polymerase protein have been shown to 

persist following acute hepatitis in patients who remain HBV-DNA positive suggesting a 

role in controlling viral replication at aU stages of viral replication (Rehermann et al., 

1994; Rehermann et al., 1996).

The induction of a specific CTL response by vaccination would be advantageous for 

immunotherapy during HBV infection. Exogenous antigen in the form of a vaccine is 

processed and presented in the context of HLA-class II molecules (section 1.9.2.). 

However, ‘cross priming’ of HBsAg exogenous antigen via the HLA class I pathway and 

subsequent recognition by CTL has been demonstrated (Jin et al., 1988; Penna et al., 

1992). Also, CTL were generated when mice were vaccinated with denatured or native 

surface proteins in the absence of adjuvant (Schirmbeck et al., 1994; Schirmbeck et al., 

1995).

1.10.11.2 CD4-cell responses to HBV.

A number of HLA class II CD4^ restricted proliferative responses have been 

demonstrated to antigens from the nucleocapsid antigen. Epitopes, in the region of 

amino acid residues 50-69 (Ferrari et al., 1987; Penna et al., 1997) are involved viral 

clearance, irrespective of the HLA class II background.

It was also demonstrated that CD4^-responses in the peripheral blood of chronically 

infected patients were weaker than in acute hepatitis (Vento, et al 1987). The reason for 

the lack of a strong HBV envelope specific HLA class II CD4^ T-ceU responses in 

acutely infected patients as yet remains unclear. It has been shown that anti-envelope T- 

cell responses may occur during the pre-clinical period of disease (Vento et al., 1987). 

Envelope specific CD4^ T-cells have been detected in liver infiltrating lymphocytes 

(Barnaba et al., 1989; Barnaba et al., 1994). Disappearance of the T-ceU responses 

during the acute phase of infection may be due to exhaustion of the T-cells and
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correlation with different phases of the disease remains to be defined. In contrast, T-cell 

responses to the envelope region have been detected in the periphery post immunisation 

with plasma derived or recombinant vaccines (see section 1.11.3).
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III Vaccination for protection from HBV infection.

1.11. Vaccination

Within the last 100 years, the combined effects of improved sanitation and vaccination 

have reduced the morbidity and mortality related to both bacterial and viral diseases. 

Vaccine strategies against bacterial pathogens have included the use of acellular and 

conjugated preparations against, for example, whooping cough and meningitis (Peltola et 

al., 1992; reviewed in Plotkin and Plotkin, 1991). Here I shaU review vaccine design and 

strategy, particularly against HBV infection. This includes the design of the Hepagene™ 

vaccination used in this study.

1.11.1 Brief history and early viral vaccine strategy.

The concept of immunisation had been applied for centuries when ancient populations 

noted that individuals who suffered a mild form of smallpox often survived during later 

epidemics (Plotkin and Plotkin, 1991). In an attempt to mimic these circumstances 

individuals were immunised by spreading matter from a scab into an open cut in the skin 

(scarification) or inhalation. These methods induced a mild dose of the disease and 

protected them from the full force of a severe attack (Plotkin and Plotkin, 1991). The 

benefit of the secondary immune response to clearing infection was realised, if not fully 

understood, when the Chinese practiced this ‘variolation’ to protect uninfected 

individuals from smallpox infection (Plotkin and Plotkin, 1991).

Prompted by the success of variolation an English physician in Gloucester, Edward 

Jenner, who himself experienced variolation as a boy, identified that milkmaids suffering 

from cowpox were rarely victims of smallpox (Jenner, 1798; Hilleman, 1998). This 

observation prompted Jenner in 1796 to purposely infect a boy with cowpox then 

subsequently challenge with smallpox with the result that the boy survived (Jenner, 

1798). Vaccination against smallpox was almost universally adopted worldwide around 

1800, but it took a major commitment from the world health organisation (WHO) in
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1965 for the proposed elimination of the virus. Smallpox has now been eradicated with 

the last naturally occurring outbreak of smallpox in Somalia on 26^ October 1977 

(Plotkin and Plotkin, 1991; Hilleman, 1998).

Louis Pasteur, introduced ‘attenuation’ in the 1800s during the development of a vaccine 

against human rabies, which has added to our understanding of both vaccination and 

immunology (Burke and Auzias-Turenne, 1996). Attenuation of rabies was achieved by 

repeatedly passaging the virus in order to reduce pathogenicity yet stimulate a protective 

immune response. This strategy of attenuation has subsequently been used for the 

development of vaccines against polio (Minor, 1993), mumps (Hilleman et al., 1967; 

Buynak and Hilleman, 1966), measles (Hilleman et al., 1962; Stokes et al., 1962) and 

rubella (Hilleman et al., 1968). The attenuated pathogen retains the ability to infect cells 

and stimulates the immune response by imitating a wild-type infection. However, use of 

these vaccines is limited to individuals with intact immune responses as immunisation of 

immunocompromised patients may result in infection. In addition, the possibility of 

reversion to wild type also exists with attenuated vaccines, as for example with Sabin 

pohovirus vaccination (Minor, 1993; Magrath and Reeve, 1993; Murdin and 

Thipphawong, 1992).

Attenuation of live organisms is not always possible, for example with HBV. Therefore, 

a number of vaccines have been developed from either whole or part of the virus. The 

virus is rendered inactive or killed yet remains capable of stimulating the immune 

response (Melnick, 1991). Immunisations based on killed pathogens or antigens isolated 

from disease-causing agents (such as the hepatitis B subunit vaccine) cannot make their 

way into cells. Hence, they produce primarily humoral responses and are thought not to 

activate CTL. Consequently, such responses are ineffective against many 

microorganisms that infiltrate cells (Zinkernagel, 1996). Examples of these killed 

vaccines are the Salk vaccine against polio (Melnick, 1991), hepatitis A (Hilleman, 1993) 

and influenza (Webster, 1994). However, even when nonliving preparations do block 

disease, the protection often wanes with time; consequently, recipients may need periodic 

booster doses (Zinkernagel, 1996; Webster, 1994). Reasons the diminishing immune 

response involves the maintenance of T- and B-ceU memory. The mechanism of this
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decline in response remain largely unknown (Fishman and Perelson, 1995; Vitetta et al., 

1991; Bradley et al, 1993; Di Rosa and Matzinger, 1996; Gray, 1992; Winger and 

Sinden, 1992; Miller and Sonnenfeld, 1993).

1.11.2. Future vaccination strategies.

In order to increase vaccine efficacy and availability vaccination design and strategies 

need to be improved (Etlinger et al., 1990). With the advent of biotechnology and 

genetic engineering technologies in the last twenty years, vaccine manufacture has 

become potentially more specific with the production of recombinant subunit vaccines 

(Gilsdorf, 1994). In order to manufacture recombinant vaccines intimate knowledge of 

the genetic organisation and sequence of the organism is required. The target gene is 

cloned then expressed and purified from a suitable cell line, which allows the appropriate 

biochemical modifications for the protein to mimic the wüd type antigen. As will be 

discussed later in section 1. 11., this methodology has been applied to the production of 

the first commercially available recombinant vaccine against HBV infection.

In addition, with the emergence of genetic engineering, DNA encoding immunogenic 

proteins from pathogenic organisms can be inserted into harmless viruses such as 

vaccinia. This descends from the same family of viruses as smallpox and cowpox and 

was used in modern smallpox vaccinations. The protein is expressed in the engineered 

virus then inoculated into the host to stimulate the immune response against the target 

protein (Perkus et al., 1995). This strategy has been used in several experimental 

vaccines including those for HIV and Papilloma virus infections (Graham et al., 1993; 

Borysiewicz et al., 1996). Replication of vaccinia is localised, however, administration 

of vaccinia to immunocompromised hosts results in systemic infection with neurological 

damage or death. Indeed, the use of DNA alone is under intense investigation for 

protection from an infectious pathogen (Davis et al., 1996b).

Genetic vaccines are entirely different in structure from traditional ones. The most 

studied consist of plasmids and are totally unable to produce an infection (Davis et al., 

1996b). The plasmids used for immunisation are engineered to express genes encoding
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one or more immunogenic proteins derived from the selected pathogen. At the same 

time, they exclude genes that would enable the pathogen to reconstitute itself and cause 

disease. The DNA is administered into muscle leading to uptake by antigen presenting 

cells in the area of the inserted needle (Davis et al., 1996b). Once inside the cell, the 

recombinant plasmid traffics to the nucleus and directs the cell to synthesise the encoded 

antigenic proteins. These expressed proteins are capable of stimulating both CTL and 

humoral immunity (Mancini et al., 1996; McDonnell and Askari, 1996; Davis et al., 

1996; Ulmer, 1993).

Vaccination strategies, such as the above, have become increasingly more sophisticated. 

Another direction has been the identification of specific T-cell epitopes that stimulate the 

development of protective immunity (Davis et al., 1996a). This can be done by the use 

of overlapping synthetic peptides from immunogenic proteins, which can be screened for 

the ability to elicit protective immunity (Itoh et al., 1986; Berzofsky, 1991). Peptide 

vaccination relies upon interaction with polymorphic HLA molecules to stimulate a 

protective CTL response. Thus, an alternative approach to peptide vaccination is to 

identify bound peptides from particular HLA molecules, as candidates for a protective T- 

cell epitope. This has been shown for peptides eluted from HLA-B53 in Plasmodium 

falciparum infection (Lalvani et al., 1994).

1.11.2.1 Adjuvants

Despite the increasing complexity in the design of vaccines, in general they remain 

weakly immunogenic alone and require adjuvants, which enhance the immunogenicity of 

antigens. For example, tetanus toxoid and recombinant hepatitis B vaccine are bound 

polyvalently to aluminium salts and selectively stimulates antibody responses. Addition 

of tetanus toxoid in subsequent conjugate vaccinations is reliant on the efficiency of this 

initial vaccine. Adjuvants have the capability of influencing antibody titre, response 

duration, isotype, avidity and some properties of cell-mediated immunity (Gupta and 

Siber, 1995; Audibert and Lise, 1993). They achieve these beneficial responses because, 

for example, they allow more efficient interaction with APCs enhancing macrophage 

phagocytosis (a carrier / vehicle function), and prolong the persistence of antigen within 

the lymphoid system (Pape et a l, 1998, Steinman et a l, 1997, Steinman, 1991; Gupta
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and Siber, 1995). In the near future, adjuvants may be used to manipulate or skew the 

regulation of the immune response (Shimada et al., 1986).

1.11.3. Hepatitis B vaccination.

Classical approaches to the production of vaccines are inappropriate in the case of HBV 

infection, as it cannot be cultured in vitro (Gupta and Siber, 1995). As discussed above, 

chronically infected HBV individuals have high levels of circulating HBsAg and 

convalescent individuals have high levels of anti-HBs then it would be natural to assume 

that anti-HBs confers protection (section 1.6.2). Thus, purification of HBsAg from 

HBV chronic carriers was an obvious source of material for vaccination. These first 

generation purified HBsAg vaccines were found to be safe and efficacious, demonstrated 

by vaccine trials in high-risk groups (Hadler et a l, 1986).

Because of the inadequate supplies of acceptable human carrier plasma and the possible 

contamination of serum with HIV recombinant hepatitis B vaccines superseded serum- 

derived vaccines (Valenzuela et al., 1982). Indeed, aU currently licensed recombinant 

hepatitis B vaccines are derived from the major ‘S’ 226 amino acid surface protein. The 

gene product is not glycosylated and assembles into HBsAg particles, which are released 

form within the cell by disruption (Valenzuela et al., 1982). The HBsAg particles are 

purified by a combination of techniques including column chromatography; 

ultracentrifugation and filter sterilised before adsorption onto aluminum hydroxide as an 

adjuvant.

Recombinant hepatitis B vaccines became available commercially in 1981 and are now 

are currently licensed in more than 100 countries (Centers for Disease Control. 1987). 

However on a global scale most people still receive the plasma-derived vaccine, which is 

made in South Korea and China due to cost and availability (Centers for Disease 

Control. 1987).

Although successful, the vaccine regimen is over a 6-12 month period (receiving 4 

immunisations within this time) and the problem of non-compliance to the schedule is
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common. Also, anti-HBs nonresponse and the appearance of surface antigen (‘a’ 

determinant) mutant viruses (section 1.4.2) are factors that can be also addressed by 

further improvement on the present hepatitis B vaccination.

1.11.4. Criteria of response to hepatitis B vaccination.

The actual level of anti-HBs required to confer protection post vaccination is not known 

and may differ with route and extent of the inoculum (Brown et al., 1986). The level of 

protection sufficient post immunisation has been the subject of much consideration since 

the advent of hepatitis B vaccination schedules. The minimum protective level in most 

countries is considered to be >10IU/1, set against an international standard (supplied in 

the commercial anti-HBs assays and derived from a WHO recognised standard). This 

was founded upon vaccine studies carried out in the 1980s (Francis et al., 1982; Stevens 

et al., 1984). It became apparent that the risk of infection increases as the anti-HBs 

levels decrease to lOIU/1 (Stevens et a i, 1984; Hadler et al., 1986; Taylor and Stevens, 

1988; Whittle et al., 1995). Investigations into the kinetics of the immune response to 

vaccination demonstrated that the rate of anti-HBs decline is dependent upon the 

individual immune response (Jilg et al., 1988; Jilg et al., 1989; Nommensen et al., 1989). 

In the UK the protective level of anti-HBs is recommended to be >100 IU/1 and a level of 

>10IU/1 and <100 IU/1 is an indication for booster immunisation (Struve et al., 1995; 

Zuckerman, 1996).

1.11.5. Host factors effecting antibody responses to hepatitis B vaccination.

Vaccine evaluation studies have shown that approximately 5-10% of healthy vaccinees 

respond poorly (<10IU/1) or fail to produce detectable levels of anti-HBs (OIU/1) 

following standard immunisation protocols (Craven et al., 1986; Westmoreland et al., 

1990; Katkov and Dienstag, 1991; Roome et al., 1993; Wood et al., 1993). Yet the 

immunological mechanisms responsible for the lack of response remain unclear. The site 

of injection is an important factor in lack of anti-HBs responses, as in order to mount a 

response the vaccine should be administered intramuscularly, preferably in the deltoid 

rather than into fatty tissues or intradermally (Zuckerman et a l, 1992). Studies have
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shown relationships between diminished immunogenicity of hepatitis B immunisation and 

various host factors such as age, increased body mass, smoking and gender 

(Westmoreland et a l,  1990; Roome et a l, 1993; Wood et a l, 1993). Also, drug abusers 

in high-risk groups have lower seroconversion rates and an increased rate of anti-HBs 

decline (Rumi et a l, 1998). Potentially, combinations of these factors could leave 

approximately 75% of adults not protected by vaccination (Margolis and Presson, 1993).

1.11.6 Immunological and genetic factors affecting nonresponse to hepatitis B 

vaccination.

Suggested immunological mechanisms for vaccine nonresponse have been based upon 

observations made in the mouse model and humans. Evidence that a defect underlying 

nonresponsiveness to HBsAg came from differential anti-HBs production associated with 

the MHC of inbred mouse strains (Milich and Chisari, 1982). The immune response to 

HBsAg identified high (H-2 '̂^), intermediate (H-2“ > H-2*’ > H-2"̂ ), and nonresponder 

(H-2‘̂’") MHC genotypes (Milich et a l, 1984). The association with the human MHC 

antigens was identified in 1981, with an excess of HLA-DR7 and absence of HLA-DRl 

in a small group of hepatitis B vaccinated low and nonresponders (Walker et a l,  1981). 

This was followed by a study in 28 individuals that observed the presence of the 

extended HLA haplotypes HLA-B44; DR7; FC31 or -B8; DR3; SCOl in 6 out of 9 

individuals who did not respond to hepatitis B re vaccinations (Craven et a l,  1986). 

These results were extended to show that HBsAg nonresponse was inherited recessively. 

This was because individuals homozygous for the HLA-B8; DR3; SCOl extended 

haplotype produced much lower levels of anti-HBs than heterozygote individuals (Alper 

et a l,  1989; Kruskall gr <3/., 1992).

The relationship between HLA and hepatitis vaccine nonresponse was further clarified in 

the Chinese and Japanese populations. The HLA haplotypes, HLA-DR14-DR52 and 

HLA-Bw54; DR4; DR53; DQ4 haplotypes, segregated with nonresponse within the 

Chinese and Japanese populations, respectively (Hatae et a l, 1992; Hsu et a l,  1993). 

Moreover, in the Japanese population responsiveness to hepatitis B vaccination was
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identified as a recessive trait, whereas nonresponsiveness, controlled by the above 

haplotype, was transmitted dominantly (Hatae et a l, 1992; Hsu et al., 1993).

Causes of nonresponsiveness have been suggested to be mediated by CD8^ HBsAg 

specific suppressor T-cells (Watanabe et a l, 1988). Analysis of T-cell responses from 

nonresponders showed no proliferation to HBsAg, whereas, responders proliferated 

vigorously (Egea et a l, 1991). Despite this in-vitro model, investigators could not 

reveal CD8^ suppression mechanisms in humans nor mouse (Milich et al., 1983; Egea et 

a l, 1991). However, selective killing of HBsAg specific B-cells and APCs by HLA class 

I or class II CTLs have been suggested as alternative mechanisms underlying 

nonresponsiveness (Barnaba et al., 1990; Penna et al., 1992).

Using HLA matched responder and nonresponder peripheral blood mononuclear cells 

(PBMCs) that nonresponder APCs were capable of presenting hepatitis B vaccine 

peptide fragments to responder T-cells (Desombere et al., 1995). However, 

nonresponder T-cells did not proliferate when peptides were presented by HLA matched 

responder APCs, imphcating a defect in the T-cell compartment (Desombere et al., 

1995; Salazar et a l, 1995).

1.11.7. Circumventing hepatitis B vaccine nonresponse.

The pre-S 1 and pre-S2 domains of the hepatitis B surface antigens present in the LHBs 

(p39 and gp42 proteins) and MHBs (gp33 and gp36) respectively are described in 

section 1.3.2. These domains are responsible for the attachment of the HBV to the 

hepatocyte as demonstrated by blocking of HBsAg to HepG2 cell by pre-S 1 peptide 

(residues 21-47) (Neurath et al., 1986). During acute and self-limited HBV infection the 

pre-S 1 and pre-S2 specific antibody responses occur in a biphasic pattern. The first 

phase anti-pre-S 1 and pre-S2 correlate with the disappearance of the serological markers 

of replication, implying a role in viral clearance. The second phase correlated with 

recovery from HBV infection (Klinkert et al., 1986; Cupps et al., 1990; Budkowska et 

al., 1991). Also, the appearance of pre-S specific antibodies during chronic HBV 

infection coincides with decrease in active rephcation markers (Petit et al., 1994).
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Immunisation with either truncated or full-length pre-S2 protected chimpanzees against 

challenge across HBV subtypes (Itoh et a l, 1986; Emini et a l, 1989).

Mouse studies have a hierarchy in the immune response to HBsAg depending upon the 

MHC haplotype where, H-2"̂ '̂  >H-2^ > H-2^ > H-2"̂  produced an anti-HBs response. 

However, the MHC haplotypes H-2^  ̂ were nonresponders (Milich et a l, 1984). 

Production of antibodies against the pre-S2 region following immunisation with the pre- 

S2/S protein (MHBs) was also found to be MHC restricted (Milich et a l, 1986). The 

hierarchy of the immune responses differed to that seen with the S protein (p24) (H-2^ > 

H-2^^ > H-2'  ̂). Indeed, an additional immunisation with gp33 showed that BIO.M (H- 

2̂ ) mice remained nonresponders. But BIO.S (H-2^) produced anti-HBs and anti-pre-S2 

responses (Milich and Chisari, 1985). Immunisation with LHBs produced pre-S 1 

responses in all strains and furthermore elicited anti-HBs, anti-pre-S2 and anti-pre-S 1 

antibody production (Milich et a l, 1986).

The problem facing vaccine manufacturers was the production of a hepatitis B vaccine in 

a suitable expression system allowing correct modification of essential epitopes, critical 

for the immunogenicity of the pre-S regions (Shouval et a l,  1994). Chinese hamster 

ovary cells (CHO) were used to produce a vaccine containing pre-S2 and S (rHBY) 

proteins that was immunogenic and safe, compared to plasma-derived vaccination (Tron 

et a l, 1989). Also, a yeast derived pre-S2 and S vaccine (TGP-943) was administered 

to 2137 individuals during phase 1, 2 and 3 trials. The TGP-943 vaccine was effective in 

seroconverting a proportion of vaccine naïve individuals and previous nonresponders 

(Suzuki et a l, 1994). Other yeast-derived vaccinations have considered the problem of 

nonresponse in older individuals with little success (Clements et a l,  1994). However, 

other studies have disputed the enhancement of immunogenicity by the addition of the 

pre-S proteins, instead preferring high or repeated doses of an S containing vaccination. 

(Pillot et a l,  1995; Bertino, Jr. e ta l,  1997; Clemens e ta l,  1997).
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1.11.8. T and B-cell epitopes recognised in the HBV surface proteins.

T and B-cell recognition sites within the S protein have been mapped in amino acid 

residues 274 and 331 (Neurath et al., 1984). The antibody sites mapped to the S protein 

require intact disulphide bonds, which are numerous in the S protein. The cysteine 

residues at positions 137, 139 and 149 are involved in the formation of the disulphide 

bonds and are critical to many antigenic epitopes (Ashton-Rickardt and Murray, 1989; 

Bruce and Murray, 1995). As described in section 1.3.1. the residue 145 forms the ‘a’ 

determinant that is sensitive to alteration, demonstrated by the vaccine escape mutants 

(Carman et al., 1990; Waters et al., 1992). A hepatocyte receptor-binding site is found 

in the pre-S 1 domain, at the residues 21-47 (Neurath et al., 1986). In these receptor- 

blocking experiments the shortest peptide capable of blocking binding was the region 32- 

47. As mentioned in section 1.3.2 the pre-S 1 region is variable and contains tertiary 

structure and many epitopes within this region are reliant upon secondary conformation. 

Dominant sites occur at residues 12-53 and 94-119 in the pre-S 1 region then 120-153 for 

the pre-S2 region. As seen above in the chimpanzee model, antibodies generated against 

these sites neutralise virus (Itoh et al., 1986; Emini et al., 1989).

The HLA class II CD4^ T-ceU proliferative responses to HBsAg have been difficult to 

detect either because of a low or absent T-cell responses elicited by the vaccine (Cupps 

et al., 1984; Milich et al., 1984). Some studies could only detect a T-cell proliferative 

response to HBsAg in the presence of IL-2 (Degrassi et al., 1992; Hsu et al., 1996). 

However, IL-2 stimulated T-cell responses to residues 19-28 within HBsAg were 

demonstrated in the context of HLA-DP4 (Celis and Karr, 1989). T-cell responses to 

the S, pre-S 1 and pre-S2 responses have been also been described in 14 individuals with 

high anti-HBs titres following a plasma-derived vaccine (containing trace amounts of 

pre-S 1 and pre-S2). All 14 displayed S specific T-cell responses, 8 responded to pre-S 1 

and only 1 to the pre-S2 region (Ferrari et al., 1989).

Unlike the mapping of B-cell epitopes, T-cells recognise linear peptides (Benacerraf, 

1981). Most mapping studies describe epitopes within the 226 amino acid residues of 

HBsAg, 281 in pre-S2-S and 389 in pre-S 1-pre-S2-S and are numbered accordingly,
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Since the first identification of a T-cell epitope (residues 19-33) in the context of DPw4 

other regions have been described from recipients of plasma derived vaccines; 124-136, 

139-146 and 124-147 (Steward et al., 1988; Deulofeut et at., 1993; Mishra et at., 1993). 

More recently, 3 epitopes identified from T-cell lines following vaccination with 

recombinant HBsAg. These were 136-155, 156-175 and 211-226 (Honorati et at.,

1997). The T-ceU epitopes identified from the pre-S 1 region were 21-30, 29-48 and 81- 

95, which differed from those identified in the murine system. However, the epitope 94- 

108 in the pre-S 1 region was also identified in the mouse model (Ferrari et a l, 1992). 

The T-cell proliferative responses in 16 recipients of a pre-S2/S vaccination were 

analysed and 10 from 16 individual demonstrated specific T-cell proliferation. The 

principal epitope within the pre-S2 region was found to be 146-172, which agreed with 

the inbred murine model (Cupps et a l, 1993).

1.11.9. Hepagene™ vaccine.

The recombinant hepatitis B vaccine Hepagene™ was originally developed by Exogene 

Biotech GmbH (Munich, Germany) and obtained from Medeva pic, UK. As for some 

previous vaccines (Shouval et a i, 1994; Tron et al., 1989; Suzuki et a l, 1994) 

Hepagene™ contained particles consisting of the pre-S proteins. The vaccine comprised 

of 3 protein monomers: S (major HBV envelope protein), pre-S2-S (middle protein), and 

pre-S 1-S (Neurath et a l, 1986; Neurath et a l, 1986). The latter protein contained 

important the antigenic component of pre-S 1 (20-47) inserted into the N-terminal region 

of the S protein. These proteins are expressed in mouse C l271 cells (ATCC CRL1616), 

which have been used as host cells for expansion of a number of recombinant gene 

products.

Hepagene™ was produced in C l271 cell line producing and constructed by transfection 

with expression plasmids for the S, pre-S2-S and pre-S-S genes encoding the protein 

monomers described above. In each experiment the genes were placed under the control 

of the mouse metaUothionein I promoter. For the production process the cells were 

grown on microcarrier beads and the Hepagene™ particles were secreted into the culture 

then harvested. Several harvests were concentrated by ultrafiltration and the Hepagene™
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was purified by density gradient centrifugation and finally adsorbed onto aluminium 

hydroxide.

The vaccine constituted (figure 1.3):

• The major S protein, 226 amino acids in length (subtype adw).

• The pre-S 2/S domain (subtype ayw), 274 amino acids in length.

• A hybrid pre-S 1-S monomeric protein of 227 amino acids in length consisting of the 

major S protein (subtype adw) and the pre-S 1 epitope.

Hepagene^^ Vaccine Protein Structure

S2/S Protein Structure 33kD

V __________________ ^ ,
XH3 ^  n  COOH

PreS2
Subtype ayw

Sl/S  Protein Structure 25kD (28kD)

_____________V
PreSl

Sub-type adw

S Protein Structure 25kD (28kD)

Sub-type adw

Figure 1.3 Schematic diagram of the proteins included in Hepagene^

Typically, depending upon the batch Hepagene™ contained 75% ‘S’, 25% pre-S 1/S and 

5% pre-S2. The composition of the final Hepagene™ product is formulated in 1ml unit 

dose in a pre-filled syringe containing:
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HBsAg purified and assembled particles 0.01 mg

Alhydrogel (0.5mg aluminium). 1.44 mg

Sodium chloride in water for injection 0.9%w/v to 1.0 ml
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1.12. Aim of this thesis.

The overall objective of this thesis was to understand and assess more clearly the impact 

of immunogenetics upon the humoral and cellular immune responses. For this purpose I 

investigated the problem of antibody nonresponse to hepatitis B vaccination and the 

specific relationship with the HLA. The study group consisted of persistent hepatitis B 

vaccine nonresponders that were challenged with a novel vaccine hepatitis B vaccine 

(Hepagene™) to circumvent nonresponsiveness. This gave me the opportunity to identify 

a vaccine nonresponder specific immunogenetic marker and assess the affects upon 

immunological function to Hepagene™. The study also considered host factors and 

specific immunological function that may influence the ability of an individual to produce 

a protective immune response to hepatitis B virus following vaccination with 

Hepagene™.

1.12.1. Specific aims:

1. Determine the relationship between persistent hepatitis B vaccine nonresponders 

and the immunogenetics of the individuals. This specifically involved the 

identification of a marker of ‘nonresponse’ within the HLA class I and class II 

region on chromosome 6. Analysis was extended to the affects of revaccination 

with Hepagene™ to assess if the relationship with the marker was maintained.

2. Ascertain the link between the genetic marker, the phenotype and function of the 

immune response in ‘nonresponders’. This specifically involved analysis of both 

the humoral and cellular immune responses to revaccination with Hepagene™.

3. Contribution of host factors to the ‘nonresponse’ and immune function of 

Hepagene™. Analysis of the longitudinal progression of the humoral and cellular 

immune response to Hepagene™ in the context of the immunogenetic marker and 

the relationship to ‘nonresponse’.
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4. Focus Upon the specific cellular function of T-cells from Hepagene™ antibody 

responders and nonresponders and the relationship to the humoral immune 

response. The specificity and cytokine profile of the T-cells were characterised in 

the context of the immunogenetic marker identified in specific aim 1.

71



Chapter 2

CHAPTER 2

Materials and Methods.

2.1. Hepagene vaccine trial.

The work in this thesis was the result of a collaborative study undertaken in the 

Academic department of Travel Medicine and Vaccines in the Royal Free Hospital 

School of Medicine by Dr. J. N. Zuckerman and Professor A. J. Zuckerman. The study 

consisted of a single centre study of health care personnel who were previously unable to 

produce an anti-HBs response after immunisation with currently licensed vaccines. The 

trial investigated the effect of a novel recombinant DNA hepatitis B vaccination 

(Hepagene™) that includes the pre-S 1 and pre-S2 and S domains of the envelope from 

HBV. The trial was conducted over a 14-month period commencing October 1994 in 

accordance with the Hong Kong amendment of the declaration of Helsinki and the Good 

Clinical Practices Guidelines after approval of the local ethical committee of the Royal 

Free Hospital and the School of Medicine. Individuals from various hospitals around 

London who failed to mount an anti-HBs response were referred to Dr. J. N. Zuckerman 

and enrolled into the trial

2.1.1. Population criteria.

The occupational health units of hospitals in the London area were targeted for adult 

healthcare volunteers. The criteria being staff and medical students who failed to 

demonstrate an anti-HBs response after multiple immunisation with currently licensed 

hepatitis B vaccine containing the ‘S’ (major) antigen from HBV. The volunteers were
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informed about the trial and enrolled into the study. A signed consent form was obtained

from each trial subject.

Inclusion Criteria.

• Males or Females aged 18-70 years old.

• Females demonstrably not pregnant or lactating.

• History of non-seroconversion following at least 4 injections of an S containing hepatitis B 

vaccine.

Exclusion Criteria.

• Any clinically significant findings on physical examination or clinically significant 

concurrent illness that in the opinion of the investigator preclude inclusion into the 

study.

• Subjects who were immunocomprimised due to illness.

• Subjects who were receiving any medication that may effect immune function (e.g. 

corticosteroids or chemotherapy).

• Subjects who had past history of anaphylactic shock post vaccination.

• Subjects with previous hepatitis B infection or serological markers of past or current 

infection with hepatitis B virus.

• Subjects with clinically significant abnormal laboratory assessments.

Subjects were allowed to receive concomitant medication whilst in the trial excluding

immunosupressive treatment. If such treatment was necessary then the subject was to

remain in the analysis up to the point at which excluded therapy began.

2.1.2. Immunological study design.

This was a phase II, single centre, randomised and double blind study. The cohort were 

randomised to receive either 5, 10, 20 or 40|0.g/ml with four doses of Hepagene™ antigen
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at time 0 and 2 months (figure 2.1). Routine haematological and biochemical assays were 

carried out on Day 0 at the Royal Free Hospital Haematology and Chemical Pathology 

departments. In addition, urine was obtained for pregnancy screening.

The immunological component of this study involved obtaining blood samples 

specifically for HLA analysis and in vitro culture analysis at the discretion of the 

attending physician and the kind agreement of the vaccine trial subject.

0  = Blood sample for HBs-antibody determination. 

0 = Blood sample for lymphoproliferation assay.

Hepagene^''^
Vaccination

0 2

20^g/ml Hepagene^"'^ 
booste r in 5 and lOpg/ml 

dose groups only.

0 0 
• e

12 18 20 

Months

2.1 Schedule for blood samples and Hepagene™ vaccination.

2.1.2.1. Hepagene™ vaccine trial population.

One hundred healthy Caucasoid subjects (aged 19-67 yrs) were recruited into the 

Hepagene™ trial. The population included 50 males and 50 females. The Hepagene™ 

vaccine was dispensed as an alhydrogel adjuvanted 1.0 ml suspension containing 

HBsAg/preS l/preS2 at 5, 10, 20 or 40 pg/ml doses. The vaccine was intramuscularly 

administered to 22, 23, 20 and 21 trial subjects respectively.
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All blood samples were collected in accordance with the schedule outlined in figure 2.1. 

following Hepagene™ vaccine. Clotted blood samples were collected for determination 

of the antibody response to hepatitis B surface antigen. Anticoagulated blood samples 

were obtained in EDTA or heparin (Sardstedt, Leicester, UK). These were obtained for 

HLA (n=100) and cellular (n=44) analyses respectively.

2.1.2.2. Control population.

In order to control for HBsAg vaccine response and association with HLA alleles in the 

Caucasoid population two groups were assembled. One hundred and seventeen 

Caucasoid individuals were recruited as "HBsAg-vaccine responders" (vaccine control 

group). The criteria were >100 IU/1 anti-HBs antibody titre following the standard 

protocol for vaccination with currently licensed hepatitis B vaccines (Engerix B, 

SmithKline Beecham Biologicals, Rixenhart, Belgium). Anticoagulated blood samples 

were obtained in EDTA (Sardstedt, Leicester, UK) for HLA analysis. A clotted blood 

sample was collected for determination of the antibody response to hepatitis B surface 

antigen. This control group may not represent the true frequency of HLA in the British 

population. Hence, a second control group of 131 Caucasoid individuals were selected 

at random from new volunteers at the Anthony Nolan Bone Marrow Trust (HLA 

control group). The HLA control group was found to be representative for HLA in the 

UK Caucasoid population, when compared to frequencies published by the XI 

International Histocompatibility Workshop (Imanishi et a l, 1992).

2.2. Determination of anti-HBs levels.

The anti-HBs determination was carried out by the Department of Virology, Royal Free 

Hospital, in accordance with regulations within the approved trial protocol.

As outlined above in figure 2.2 blood samples were obtained at several time points (months 0, 

2, 6, 18 and 20) for the screening of anti-HBs levels in the trial and control subjects. Total 

anti-HBs antibody titres were measured in serum by enzyme immunoassay using a 

commercial kit (Biokit, Madrid, Spain) according to the manufacturer's protocol. The
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detection limit for the assay was 1 IU/1 using WHO standard sera supplied for 

quantitation with the kit (based on WHO reference sera, 1982). We defined high 

responder as >100 IU/1 of anti-HBs, low or ‘poor’ responder 1-100 IU/1 and a 

nonresponder as <1 IU/1, following the UK guidelines (see introduction section 1.7.2).

Initially, the samples to be assayed were diluted 1/10, 1/00, 1/1000 so that specific titre could 

be accurately obtained. The wells of the microtitre plate were coated with purified HBsAg 

(ad and ay serotypes). When the specimen was added the anti-HBs, complexes with the 

HBsAg on the solid phase. After washing to remove any unbound material, the addition of 

conjugate (HBsAg linked to horseradish peroxidase) binds to any complexes present on the 

solid phase. After a second incubation and washing an enzyme substrate (chromogen) was 

added. The solution develops colour when the sangle contains anti-HBs. The intensity of 

the colour produced is proportional to the amount of anti-HBs present in the test specimen 

when compared to a standard curve generated with the values obtained from the reference 

sera supplied with the assay.
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2.3. HLA Typing.

To investigate the relationship between the anti-HBs nonresponse and HLA, the 

following typing was performed on all the trial subjects (n=86) and controls (n=248). 

The subjects were typed for HLA class I antigens by serology and HLA class II alleles by 

polymerase chain reaction (PCR) and sequence specific oligonucleotide probes (SSOP). 

Confu'matory typing and subtyping was carried out by using PCR-sequence specific 

primers (PCR-SSP).

2.3.1. HLA class I serological typing.

Preparation o f the reagents used in the following procedures is detailed in appendices

8 . 1. 1.

The cells for class I HLA typing were separated using magnetic beads coated with a 

monoclonal antibody specific for the CD8 antigen (Dynal, Brom borough, UK). As 

described above, a 5ml blood sample was obtained from each individual to be tested, this
on

was aliquoted into an appropriate labelled tube and kept^ice to prevent phagocytosis of 

magnetic beads. The magnetic beads were resuspended and 30pl added to each tube. 

Citrate buffer was added to the blood to prevent clotting and the mixture was placed on 

a roller to aid binding o f the cells and magnetic beads. The cells were separated after 

mixing by using a Dynabead magnetic rack. The tubes were washed repeatedly with 

PBS-citrate to remove the red cells then blotted dry before being resuspended in 125pl of 

RPM I 1640 medium (ICN Biomedicals Inc., California, USA).

The CD8^ T cells were dispensed in Ipl aliquots into AN-72 tissue typing trays (Biotest, 

Solihull, UK) containing antisera directed against specific HLA antigens and mixed. 

Sterile freeze dried rabbit complement (Biotest, Solihull, UK) was resuspended in 5ml of 

distilled water and 5pl added to each well then incubated for 105 minutes. Following 

incubation the plates were stained by the addition o f a Ipl mixture o f  ethidium 

bromide/acridine orange, EDTA and bovine solution (Fluoroquench).

77



Chapter 2

Each well of the tissue-typing tray was examined using a fluorescent inverted microscope 

in turn. Using the fluorescent dyes described above, dead cells stained red whereas, the 

live cells, stain green. Having read the whole plate then the reaction pattern of the 

specimen was analysed.

2.3.2. HLA class II molecular typing.

2.3.2.1. DNA extraction from whole blood.

Genomic DNA was extracted using the salting-out method originally described by 

Miller et al (Miller et at., 1988). Preparation of the reagents used in the following 

procedures is detailed in appendices 8.1.2.

From 10 ml of blood obtained from the Hepagene™ vaccine recipients and control 

subjects 10 ml of red cell lysis buffer was added in a 20ml container, agitated then left 

to stand for 10 minutes. The mixture was centrifuged at 3500 rpm and the supernatant 

discarded. This process was repeated until the pellet appeared clear of red cell 

contamination.. The nuclei of the cells were lysed using 75 mM NaCl 25mM EDTA 

(Biowhittaker, Wokingham, UK) pH 8.0. Proteinase K (200 pg/ml. Sigma, Poole, UK) 

was then added and incubated in a water bath at 37°C overnight or 3 hours at 55°C. 

After incubation 1 ml of 5M NaCl was added to the tube and shaken vigorously then 

centrifuged at 4500 rpm for 20mins. The supernatant was poured into 10ml of propan- 

2-ol, being careful not to include any of the pellet, then gently rocked the universal until 

strands of DNA became visible. The DNA was spooled onto a sealed labelled glass 

pipette and left to air dry. Once dried the DNA was resuspended in TE buffer (see 

appendices section 8.1.2) in lOOpl volume in an eppendorf tube and stored at 4-4°C until 

required.
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2.3.2.2. Preparation of amplification reaction mixes.

DNA was prepared as outlined above and the concentration was determined by 

absorbance at 260nm and adjusted to 200pg/ml for PCR with distilled water.

The DRBl* DQAl* and DQBl* primers and probes are outlined in tables 2.1 to 2.3.

Table 2.1. Primer sequences for the amplification of DRB, DQA and DQB sequences for 

SSOP.

DNA Sequences Name

DRB: left 5'- CCC CAC AGC ACG TTT CTT G -3' DRB AMP-A
right 5'- CCG CTG CAC TGT GAA GCT CT -3' DRB AMP-B

DQA: left 5'- ATG GTG TAA ACT TGT ACC AGT -3' DQA AMP-A
right 5-TTG GTA GCA GCG GTA GAG TTG -3' DQA AMP-B

DQB: left 5'- CAT GTG CTA CTT CAC CAA CGG -3’ DQB AMP-A
right 5’- CTG GTA GTT GTG TCT GCA CAC -3’ DQB AMP-B
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Reaction Mixes:

All reagents are from Roche, Wellingarden city, UK, unless otherwise stated. 

The following quantities are given per reaction.

10 X Reaction Buffer 5 pi 15mM Mgcb stock

dNTP mix 5 pi 2.5mM stock

Primer A ipl 25pM stock

Primer B Ipl 25pM stock

dHzO 32.7pl

AmpliTaq polymerase 0.3pl 5U/pl stock

DNA 5ul

Final Volume 50pl

For each sample 45pi of the reaction mixture was aliquoted into each thin walled 0.2ml 

PCR micro tube. Then 5 pi of DNA to be amplified was added and the caps secured 

tightly before placing in the thermal cycler.

Perkin Elmer 9600 Cycling parameters:

Denature step 95°C 5mins 1 cycle

95°C Imin 30secs

55°C 1 min 30secs

IT C 2mins 30secs 30 cycles

Final Extension 72°C Smins 1 cycle

Hold 4°C

80



Chapter 2

2.3.2.3. Preparation of dot blots:

The PCR products were checked in a 1% agarose gel then denatured for a further 10 

minutes at 95°C prior to blotting. Sufficient membranes (Boehringer, Lewes, UK) (20 

for DRBl, 9 for DQAl and 15 for DQBl) were cut to the appropriate size (6.9cm X 

10.5cm) to allow Icm^ per dot. The membranes were blotted using the Biomek 1000 

(Beckman, High Wycombe, UK). Dot blots were air dried for 10 minutes then placed in 

a Spectrolinker (Spectronics Corporation, New York, USA) for 1 minute to cross-link 

the DNA onto the membrane.
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Table 1,2. HLA DRB oligonucleotide sequences. SSO probes below and relevant 
primer pair in Table 2.1 were used to define DRBl specificities in all individuals tested.

DRBl probe DNA Sequence Specificity

DRB 1001 TAA GTT TGA ATG TGA TTT 0101,0102,0103
DRB 1004 GAG GAG GTT AAA GAT GAG 0401-

11
0701DRB 1006 TGG GAG GGT AAG TAT AAG

DRB 1007 GAA GGA GGA TAA GTT TGA 09011,09012
DRB 1008 GAG GAG GTT AAG TTT GAG 1001
DRB 1009 GAG GAG GAT AAG TAT GAG DRB5*0101-2, 0201-2
DRB2802 GGT TAG TGG AGA GAG ACT 1201-1202
DRB2809 TTC CTG GAG AGA TAG TTC 0302, 1402-3
DRB3703 ACC AGG AGG AGA AGG TGG 0301, 0302, 1301/02, 1402/03, 

1305/05
DRB3709 GGA GGA GTT GGG GTT GGA DRB5*0101
DRB5703 GCC TGA TGA GGA GTA GTG 1101-4
DRB5704 GCC TGG TGG GGA GGA GTG 1401, 1404
DRB7001 TCC TGG AGG AGA GGG GGG 0101-2, 0403-8, 0410-11, 1402
DRB7004 GGC GGG GTG GAG AAG TAG 0301, 0302
DRB7007 ACA TGG TGG AAG AGG AGG 0103,0402, 1301-02, 1304, 110:
DRB8602 AAC TAG GGG GGT GTG GAG 0102, 1201-2, DRB5*0201-2
DRBDR8 GCG GGG GGT GGT GGA GAG 0801-4, 1403
DRB 1303 CTG GAA GAG AAG GGG GGG 1303
DRB7002 GAC TTC GTG GAA GAG AGG 1601, 1101, 1104, 1202, 1305, 

0801/02/04
DRB3708 GCG GGT ACT GGT GTT GGT 1001, DRB4*
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Table 2.3. HLA DQA oligonucleotide sequences. SSO probes below and relevant 
primer pair in Table 2.1 were used to define DQAl specificities in all individuals tested.

DQAl probe DNA Sequence Specificity

2502 TGG CCA GTT CAC CCA TGA 0101, 0102, 0401, 
05011,05012

3401 GAG ATG AGG AGT TCT ACG 0101
3402 GAG ATG AGC AGT TCT ACG 0102,0103,05011,

05012
3403 GAG ACG AGC AGT TCT ACG 0401,0601
4102 ACC TGG AGA AGA AGG AGA 0103
5501 TCA GCA AAT TTG GAG GTT 0101,0102,

0103
5503 TCC GCA GAT TTA GAA GAT 03011,03012, 0302
5504 TCA GAC AAT TTA GAT TTG 0401,05011,05012,

0601
6903 ATC GCT GTC CTA AAA CAT 03012, 05011,05012

Table 2.4. HLA DQB oligonucleotide sequences. SSO probes below and relevant 
primer pair in Table 2.1 were used to define DQB 1 specificities in all individuals tested.

DQBl probe DNA Sequence Specificity

2601 CGG GGT GTG ACC AGA CAC 0501,0502, 05031, 
05032

2603 CGT CTT GTG ACC AGA TAC 0602, 0302, 03031, 
03032

2604 CGT CTT GTA ACC AGA CAC 0603, 0604
2606 CGT CTT GTA ACC AGA TAC 0605
3702 AGG AGG ACG TGC GCT TCG 0601
4501 GAC GTG GAG GTG TAC CGG 0301
4901 GGT GTA CCG GGC AGT GAC 0501
5701 GCG GCC TGT TGC CGA GTA 0501, 0604, 

0605
5702 GCG GCC TAG CGC CGA GTA 0502, 0504
5703 GGC GGC CTG ACG CCG AGT 05031, 0601
5704 GCG GCC TGA TGC CGA GTA 05032, 0602, 0603
5705 GGC TGC CTG CCG CCG AGT 0201
5706 GGC CGC CTG ACG CCG AGT 0301,03031,03032
5707 GGC GCG CTG CCG CCG AGT 0302
0504 TCC TGG AGG AGG ACC GGG 0401, 0402, 

0504
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2.3.2.4. DIG-labelling of the SSO probes.

The SSO probes were labelled using a commercial kit from Boehringer (Boehringer, 

Lewes, UK) that allowed 25 probes to be labelled. The following protocol was carried 

out from the manufacturers instructions:

5x Tailing buffer 4|il

25mM C0 CI2 solution 4|il

lOOpM probe 2.7pl

ImM DIG/ddUTP 1^1

50U/|al T transferase ipl

dHzO 7 .3|l i 1

The above reagents were added together and mixed gently in a water bath for 20 minutes 

at 37°C. To stop the reaction (Ipl of glycogen solution to 200pl of 0.2M EDTA 

solution (pH 7.8-8.0)) 2pl of stop solution was added to the reaction whilst on ice. The 

probes were precipitated by the addition of 2.5|al 4M LiCl (filtered sterilised) and 75|al 

ethanol (pre-chilled to -20°C) then precipitation at -20°C for 2 hours or -70°C for 30 

minutes. To obtain the labelled probe, the solution was washed in ethanol and 

centrifuged at 13,500 rpm for 15 minutes. The pellet was allowed to dry before adding 

lOOpl of dH]0 and place on rollers until the pellet is dissolved. The DIG labelled SSO 

probe was aliquoted and stored at -20°C at a concentration of IpM/pl.

2.3.2.S. Hybridisation of the DIG-labelled SSO probes.

To prevent non-specific binding of the SSO probes, the membranes were incubated with 

blocking reagent in plastic tubes for 30 minutes prior to prehybridisation. The blocking 

reagent was replaced with prehybridisation and incubated for a further 30 minutes in a 

hybridisation oven (Robbins Scientific, Knowl, UK) at 37°C. The DIG labelled SSO 

probes were added at a concentration of 2pM to 5ml of hybridisation solution and 

incubated with the membranes for a further 1 hour 30 minutes.
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After hybridisation, the membranes were subjected to a series of stringency washes to 

equilibrate binding of the probes. Firstly, the membranes were washed twice in 1 htre of 

2x SSPE/0.1% SDS for 10 minutes at room temperature on an orbital shaker. These 

washes are followed by 2 washes in TMACl solution at 58°C in a shaking water bath. 

Finally, the membranes were removed from the washes and stored in polythene at +4°C 

until required.

2.3.2.6. Detection of hybridised DIG-labelled SSO probes.

The DIG labelled SSO probes were detected using a chemiluminescent substrate bound 

to anti-DIG-AP Fab fragment. The membranes were washed sequentially in buffers 1 

and 2 for 30 minutes prior to the addition of Ipl of anti-DIG-AP Fab fragment 

(Boehringer, Lewes, UK) in 5ml of Buffer 2 for 30 minutes. The membranes were then 

again washed in buffer 1 to remove excess anti-DIG-AP Fab fragment then equilibrated 

for 5 minutes in buffer 3. Detection of the anti-DIG-AP Fab fragment labelled probes 

was carried out by placing the membranes in the chemiluminescent substrate AMPPD 

diluted 1:100 in buffer 3 for 5 minutes in the dark room.

The results of the hybridisation were visualised by exposing the chemiluminescent 

substrate bound to the SSO probes to highly sensitive photographic film (Kodak, 

Harrow, UK) for 30-45 minutes. Once developed the pattern of SSOP hybridisation was 

analysed.
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2.3.3. Confirmatory and Subtyping by PCR-SSP.

To confirm the subtype of HLA-DRB1*15, in linkage disequilibrium with HLA- 

DQB 1*0602, a commercial PCR-SSP kit (Dynal, Bromborough, UK) was used. The kit 

used 12 PCR reactions in a volume of lOpl for each sample tested. In addition, the 

HLA-DRB 1*0701 allele is commonly present in linkage disequilibrium with HLA- 

DQB1*02 or -DQB 1*03032. The aUele HLA-DRB 1*0701 on the DQB 1*03032 

haplotype is in linkage disequilibrium with null allele DRB4*103102N. The commercial 

DRB4* PCR-SSP kit (Dynal, Bromborough, UK) was used for the detection which 

required 8 PCR reactions, also in a volume of lOpl, to be performed on each sample 

tested.

Each tube in the Dynal SSP set contained allele and groups specific primers, also 

included is a control primer pair matching non-aUelic sequences. The control primer was 

at a lower concentration to ensure preferential amplification of the target aUele.

Reaction Mixes:

All reagents are from Roche, Well^ garden city, UK, unless otherwise stated. 

The following quantities are given per reaction.

10 X Reaction Buffer Ipl 15mM Mgcb stock

Glycerol 0.5|il 99.5% glycerol stock

dNTP mix 0 . 8 |li1 lOmM stock

Primer solutions 5 j l i 1 25pM stock

Cresol red O.lpl lOmg/ml stock

dPLO 0 . 6 |li1

AmpliTaq polymerase 0.08|il 5U/|o.l stock

DNA 50ng/p.l
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Perkin Elmer 9600 Cycling parameters: 

Denature step

Then,

94°C 2 minutes 1 cycle

94°C 10 seconds

65°C 60 seconds 10 cycles.

94°C 10 seconds

61°C 50 seconds

72°C 30 seconds 10 cycles.

The products were visualised on a 2% agarose gel in 0.5x TBE buffer (appendices 

section 8.1.4.). Alleles were assigned by the presence and size of the PCR products 

(Table 2.6).

Table 2.5. Specificities and sizes of the PCR products of the 12 primer mixes used for 

DRB 1*15 and DRB 1*16 PCR-SSP subtyping.

Approx. size of PCR 
product (bp).

Amplified DRBl* 15 and 
DRB 1*16 alleles

210 15011-
1506

100, 160 1503,
1506

200 15011-1503, 1506,
1605

200 1504, 16011, 16012, 1603, 1604,
1608

255 15011, 15012, 1503-
1506

205, 215 16011-1605, 1608
110,215 1603

220 1604
255 15012-15022, 16011-1605, 1608
150 15011-15022, 1506
195 1505, 16021, 16022
215 15011-1506, 16011-16022, 1604, 1605, 1608
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Table 2.6. Specificities and sizes of the PCR products of the 8 primer mixes used for 

DRB4 PCR-SSP subtyping.

Approx. size of PCR 
product (bp).

Amplified DRB4 
alleles.

185 0101101, 0103101, 0103102N,
0105

140, 155 0102,
0105

130 0101101, 0201N,
0301N

245 0101101,0102,0103101,0104,
0201N

80, 150 0103102N, 0201N
190 0104
195 0101101-0104
160 0301N

The DRB 1*0701 and DRB 1*0301 alleles are found in linkage disequilibrium with 

DQB 1*0202 and DQB 1*0201 alleles respectively. To distinguish the DQB 1*02 alleles 

PCR-SSP primers were designed as shown in Table 2.7.

Table 2.7. The sequences of the primer pairs and specificities for the amplification of 

DQB 1 *02 alleles. All products were 7 19bp.

Name DNA Sequences
DQBl*
Specificities

A 5'- C CGG TGG TTT CGG AAT GA -3' 0201, Others
5’- CT CTG GGC AGA TTC AGA C -3' Others

B 5'- C CGG TGG TTT CGG AAT GA -3' 0201, Others
5'- CT CTG GGC AGA TTC AGA T -3' 0201, 0202, 0203

C 5'- C CGG TGG TTT CGG AAT GG -3' 0202,
0203

5'- CTCTG GGC AGA TTC AGA T -3’ 0201, 0202, 0203

As the primers were not commercially acquired the PCR-SSP reaction was optimised for 

cycling conditions, specifically the annealing temperature. To control for inter- and
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intra-assay variability primers for the P2M were included in each PCR-SSP reaction 

(330bp product). However, in the presence of specific amplification the intensity of the 

control band often decreases.

Reaction Mixes:

The following quantities are given per reaction .

10 X Reaction Buffer 5pl 25mM stock

MgClz 1.5pl 15mM Mgcb stock

dNTP mix 5ftl lOmM stock

Control primers 2|xl 0.5pM stock

Primer solutions Ipl 25pM/pl

AmpliTaq polymerase 0.3|al 5U/pl stock

DNA 0.5pl 200pg/ml

dTHO 34 .7 |l i 1

Cycling parameters: 

Denature step 96°C 10 minutes

96°C 30 seconds

56°C 30 seconds

72°C 30 seconds

72°C 10 minutes

4°C

1 cycle

30 cycles. 

1 cycle

The primers pairs A, B and C were used to distinguish the DQB 1*02 alleles and 

visualised on an agarose gel.

HLA-B44 subtyping was performed by Mr I Scott using the protocol described by 

Tiercy et al (Tiercy et a l, 1994). Briefly, the B*4402 and B*4403 differ at the aspartate 

residue (position 156) in exon 3 and can be detected using 3 oligonucleotide probes.
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2.6. Cell culture methods.

2.6.1. Separation and Cryopreservation of peripheral blood lymphocytes 

(PBMCs).

Blood samples from the Hepagene™ vaccinated individuals were obtained specifically for 

in-vitro culture analysis in EDTA (Sardstedt, Leicester, UK) at the discretion of the 

attending physician and the kind agreement of the vaccine trial subject. The blood was 

transferred into an equal volume of RPMI 1640 medium (ICN Biomedicals Inc., 

California, USA). The diluted blood was layered onto 10ml of ficol (Lymphoprep; 

Nycomed, Oslo, Norway) using a disposable Pasteur pipette and centrifuged at 2,400 

rpm for 20 minutes. Peripheral blood mononuclear cells (PBMCs) were removed from 

the interface and transferred to a clean vessel and washed three times in RPMI 1640 with 

10 lU/ml penicillin and lOpg/ml streptomycin (ICN Biomedicals Inc., California, 

USA). After thorough washing the PBMCs were counted using a haemocytometer.

A freezing mix of 90% heat inactivated foetal calf serum (PCS) (Biowhittaker, 

Wokingham, UK) and 10% dimethylsulphoxide (DMSO) (BDH, Poole, UK) was added 

to the PBMCs at a concentration of 5x10^ cells/ml. Expeditiously the mixture was 

aliquoted in 1 ml volumes into 1.8 ml labelled freezing vials (Nunc, Kamstrup, Denmark) 

then placed in a suitable container before transfer to a -70°C freezer. After 18 hours the 

vials were put into liquid nitrogen (-192°C) until required.

When required for culture the PBMCs were thawed rapidly by gentle agitation of the 

vial in a 37°C waterbath briefly, before transfer to a large volume (20 ml) of RPMI 

1640 with 10 lU/ml penicillin and 10|Lig/ml streptomycin. The large volume was 

needed to avoid DMSO cytotoxicity, which reduces cell viability. The PBMCs were 

washed thoroughly to remove all the DMSO and PCS before use.

2.6.2. Lymphoproliferation assays.
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The ability of the cells to proliferate in the presence of particular antigens stimuli was 

assessed. The PBLs were resuspended in ‘complete medium’, which is RPMI, 10 

lU/ml penicillin, 10|ig/ml streptomycin (both from ICN Biomedicals Inc, California, 

USA) plus 10% normal AB positive human serum (North London Blood Transfusion

Centre, London, UK). The PBLs were counted then seeded at 1x10^ viable cells/well 

in 96 well round bottomed plates (Nunc, Kamstrup, Denmark).

Optimal concentrations were determined for the non-adjuvanted Hepagene™ vaccine 

antigen and hepatitis B surface antigen and tetanus toxoid (Evans Medical, Speke, UK). 

Positive controls for proliferation measured by incubation of PBMCs with the T-cell 

mitogen phytohemagglutanin (PHA; 2|ig/ml, Murex, Hartford, UK) or the PBMCs were 

cultured with optimal concentrations of a recall antigen tetanus toxoid. To assess the 

background proliferation in complete medium PBMCs were cultured with medium 

alone. Optimal duration of cultures was determined at 37°C in a humidified 5% CO  ̂

incubator. Cells were then pulsed with 0.5 |iCi/well of methyl ^H-thymidine 

(Amersham, Amersham, UK) 18 hours before harvesting onto glass fibre filters 

(Pharmacia LKB, Biotechnology, Uppsala, Sweden). Scintillation counting was 

performed using a Wallac betacounter 1450 plus (Wallac, Turku, Finland). To ensure 

standardisation of conditions all cultures were performed in triplicate. Antigen specific 

proliferation was expressed as stimulation indices (mean counts per minute of cells with 

antigen / mean counts per minute of cells alone).

2.6.3. Frequency analysis of Hepagene™ -responsive PBLs.

The Hepagene™ antigen specific T-cell frequency was determined by dilution analysis 

from Hepagene™ trial subjects at time points 6, 18 and 20 months. Varying numbers of 

PBMCs were added to individual wells of a 96 well round bottomed plates. The PBMCs 

were seeded into the plates at 2x l0 \ lxlO \ 6xlO\ 3x10% 1x10"̂ , 3x10^ and 1x10  ̂ in 

replicates of 12 in the presence of 3pg/ml nonadjuvanted Hepagene™ antigen. The 

positive controls for proliferation were the same as above. Cells were cultured in 

complete media for 6 days. Those cultures demonstrating ^H-thymidine incorporation 

higher than the arithmetic mean plus 3 standard deviations (SD) of that shown by

91



Chapter 2

cultures incubated in the absence of antigen were scored positive. The fraction of wells 

demonstrating negative cultures was calculated for each concentration of seeded 

PBMCs (Taswell, 1981).

2.6.4. Establishment of Hepagene^'^-specifie T cells lines.

Blood in heparin was obtained from consenting Hepagene™ trial subjects made available 

by permission from the Academic Department of Travel Medicine and Vaccines, Royal 

Free Hospital School of Medicine. The PBMCs were prepared as outlined above and the 

concentration adjusted to 1x10  ̂ cells per vial for freezing. Sufficient vials of 1x10  ̂

PBMCs are thawed made up to 2 ml then aliquoted into wells of a labelled flat 

bottomed 24 well plate (Nunc, Kamstrup, Denmark). The cells were either cultured in 

the presence of Spg/ml nonadjuvanted Hepagene™ vaccine antigen or 2|iig/ml of PHA as 

a non-specific T-cell stimulator. The cultures were incubated the cells at 37°C in a 

humidified 5% CO  ̂ incubator for 6 days. Simultaneously cells were seeded into a 

round-bottomed 96 well plate in the presence of Hepagene™ vaccine antigen to analyse 

the specificity of the bulk culture.

Following 7 days, 20ng/ml recombinant IL-2 in 3mis of complete medium was added to 

the bulk cell lines. This promoted the growth and expansion of the T cells activated 

over the previous 6 days by the immunogenic regions in Hepagene™. The cultures were 

returned to the incubator for a further 7 days.

During the incubation period of the bulk cell line the APCs within the culture die, 

therefore, secondary stimulation of the T cells with antigen and autologous feeder cells 

were required. These were prepared by irradiating autologous PBMCs with a sublethal 

dose of 4000 rads, which prevented feeder cell growth and division. The bulk cell lines 

were centrifuged at 1500 rpm for 10 minutes in conical tubes. The T cells were 

counted, adjusted to 1x10* cells/ml and added to 2x10* autologous feeder cells in a 24 

well plate and incubated for a further 7 days. At the same time 2x10^ Hepagene™ - 

specific T cells were added to 4x10^ autologous feeder cells in the presence of either 

Hepagene™ vaccine antigen, HBsAg or peptides derived from the vaccine sequence for 

6 days to assay cell line specificity.
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The cells were maintained by alternative weekly cycles. In the first week cultures 

received Hepagene™ or PHA, plus autologous feeder cells and assayed for specificity. 

In the second week, the cells received recombinant IL-2 alone.

2.7. Flow cytometry.

2.7.1. Flow cytometric analysis of lymphocyte phenotypes.

To determine populations within the cultured PBMCs aliquots of 2x10^ cells were 

stained using with directly fluorochrome conjugated antibodies (Becton Dickinson, 

London, UK). Antibody incubations were carried out in PBS containing 1% bovine 

serum albumin (BSA) (Biowhittaker, Wokingham, UK) and 0.02% sodium azide 

(PBSA) (BDH, Poole, UK) at +4°C for 30 minutes followed by 5 washes in PBSA. 

Directly conjugated antibodies were added at saturating concentrations, typically 

5|il/10^ PBMCs. Stained cells were fixed in 1% paraformaldehyde (Becton Dickinson) 

negative controls consisted of unstained PBMCs.

For each sample 10-20,000 events were acquired using the Becton Dickinson 

FACSCAN and analysed using the Cellquest software (Becton Dickinson). A gate was 

placed around the lymphocyte populations prior to analysis. Data is represented as 

percentages of lymphocytes within the gated population staining positive for a 

particular surface or intracellular antigen.

2.7.2. Immunfluorescent staining of intracellular cytokines.

Optimal conditions for the staining of intracellular cytokines have been determined within 

Anthony Nolan Research Institute by Ms I Perez as part of her PhD.

To determine the cytokine secreted by populations of T ceUs IxlO^ceUs/ml were cultured 

in complete medium in the presence of PMA, lonomycin and monensin (Calbiochem, 

Nottingham, UK) (see appendix section 8.1.5.) for 4 hours. After this time the T cells 

were washed and fixed as above before the addition of 50pl permeabilisation solution
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(see appendix section 8.1.5.) and incubated at 4°C for 20 minutes. The cells were

washed thoroughly as before then 1/100 dilution of FITC conjugated IFNy antibody with

either PE conjugated IL-2 or IL-4 antibodies (Pharmingen, San Diego, USA) were added 
o

and incubated for 30 minutes at +4°C. Aliquots of the T ceUs were stained with isotype 

matched antibodies related to the above cytokine antibodies as negative controls. The 

cells were again fixed and analysed as above.

2.8. Molecular modelling.

Molecular modelling of the HLA class 11 DQB 1*0202: DQAl *0201 molecule was 

performed at Birkbeck College, London in association with Dr. P Travers, Research 

Fellow. The modelling used a commercially available computer programs SYBYL 

(Tripos Associates liîc.) and GRASP (1.04) on a Silicon Graphics computer. The 

models were based on co-ordinates extrapolated from the predicted structure of HLA- 

DRl molecule (Brown et a l, 1988; Brown et a l, 1993).

2.9. Statistical analyses.

2.9.1. HLA frequency analyses.

In order to identify the possible causative factors responsible for the association of HLA 

alleles or antigens with hepatitis B vaccine nonresponse the following statistical tests 

were performed. Our null hypothesis stated that there was no difference in aU the 

antigens and alleles in the control nonresponder or control groups. Therefore, for the 

purpose of calculation the data were entered into the Relrsk program from the Imperial 

Cancer Research Fund (Svejgaard et al., 1974). The program calculated the relative 

risk (RR), the exact p value and the value (Svejgaard et a l, 1974). For the purpose 

of this analysis p values below 0.001 were considered significant. The data is 

represented as comparisons of the phenotype frequencies for all the antigens and alleles 

found in the Hepagene™ vaccinee population.
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2.9.2. Analysis of anti-HBs and T-cell responses.

The anti-HBs and T-cell responses elicited by hepatitis B vaccination may not follow a 

normal distribution. In this case the Mann-Whitney U test was used to compare unpaired 

data such as the groups that received different doses of Hepagene™. For the comparison 

of paired data the Wilcoxon ranked sum test was used. The Mann-Whitney U and 

Wilcoxon tests were performed using the Graphpad Prism™ graph drawing package and 

the p value quoted is two-sided and p values less than 0.05 are considered significant.

2.9.3. Geometric mean titre (GMT).

The geometric mean anti-HBs titre was used here to make the distribution of the data 

more symmetrical by logarithmic transformation. This method of calculation is 

historically used in these studies when the mean anti-HBs titre is greater than the median. 

The 95% confidence intervals (Cl) are quoted for all the GMTs.

2.9.4. Correlation Coefficients.

To analyse the strength of the relationship between T-cell response and anti-HBs 

response for example, the correlation coefficient, r, was used. The square of the 

correlation coefficient is quoted, r ,̂ which gave the proportion of variation by one 

variable explained by the other.

2.9.5. The decline of anti-HBs responses.

The ratio for the decline in anti-HBs titre was calculated by subtraction of the anti-HBs 

at month 2 from that produced at month 6 then dividing by the anti-HBs response at 

month 2. Those which have a positive ratio were compared to those exhibiting a 

negative ratio were compared using the paired test above.

2.9.6. Estimation of T-cell frequency.
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The estimation of the T-cell frequency was made using the computer program (Mr V 

Aber, Department of Medical Statistics, Royal Postgraduate Medical School). Based on 

generahsed linear interactive modelling (GLIM) software package.
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CHAPTER 3.

The contribution of the HLA to the antibody response to hepatitis B 
vaccination.

3.1. Introduction.

Over the last two decades the association of hepatitis B vaccine nonresponsiveness with 

various HLA haplotypes in different populations has been investigated (Craven et a l, 

1986; Watanabe et a l, 1990; Hatae et a l, 1992; Hsu et al., 1996). As stated in section 

1.11.7. hepatitis B vaccine, which includes additional epitopes from the HBV envelope 

proteins, can overcome nonresponsiveness in the inbred mouse model (Milich et al., 

1983; Milich et a l, 1986). However, data from previous clinical trials using such 

vaccines has been variable and the influence of genetic predisposition has not been 

investigated thoroughly (Tron et a l, 1989; Varia-Leftherioti et a l,  1990; Clements et 

a l, 1994; del Canho et a l, 1994; Suzuki et a l, 1994; Pillot et a l, 1995).

Genetic predisposition towards nonresponsiveness has been described for many antigens 

in both man and animal models (Bluestein et a l, 1971; McDevitt et a l, 1972; 

Benacerraf, 1978; Matsushita et a l, 1987; Ottenhoff et a l, 1990; Caspi et a l, 1992). In 

this chapter, 86 individuals, who had not demonstrated an adequate response to hepatitis 

B vaccination, were characterised for their HLA class I and class II by serological and 

molecular techniques. These individuals received a novel PreS-containing vaccine, 

Hepagene™, in order to overcome nonresponse by producing a protective anti-HBs 

response.

To identify causative HLA factors involved in nonresponse 2 control populations 

representing; a) the distribution of HLA expected in the UK population and b) the
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distribution of HLA antigens in a population of hepatitis B vaccine responders 

(>100IU/1) were included in the analysis.

The aim of this study was to establish the relationship between an immunogenetic 

marker (HLA) and hepatitis B nonresponse to both conventional and Hepagene™ 

vaccination. This will enable in the understanding the immunological mechanisms 

underlying nonresponsiveness and forms the basis for the following investigation in this 

thesis.
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3.2. Results.

3.2.1. Association of HLA antigens and the response to ‘S’ vaccination.

After an initial anti-HBs screening of the 100 trial subjects, 14 were found to have an 

anti-HBs response of >10 IU/1 and were excluded from the study. The criteria for this 

analysis of hepatitis B vaccine nonresponders was an anti-HBs titre of 0 IU/1 following 

at least 4 injections with a licensed 'S' containing vaccine (Engerix B, SKB, Rixenhart, 

Belgium).

HLA class I and class II antigens were determined in 86 ‘S’ vaccine non-responders, 

117 vaccine controls and 131 HLA controls by serology and PCR-SSO. The methods 

used in this study identified 64 HLA class I antigens by serology, 89 HLA-DRB 1 

alleles and 33 DQBl alleles by PCR-SSO (table 2.2 and 2.4). Within our study 

population we identified 39 different class I antigens and 21 different class II alleles. 

The frequencies of each class I antigen and class II alleles at the phenotypic level were 

calculated for the ‘S’ vaccinated antibody non-responders and the control groups which 

are shown in tables 3.1a and 3.1b respectively. Antigen or allele frequency variation 

between groups was taken to be significant where p=<0.001 (0.1%). An initial 

comparison of the vaccine responders with the HLA control groups indicated that these 

groups were not significantly different.

HLA class I antigen frequencies in the ‘S’ vaccinated antibody non-responders did not 

differ significantly from the control populations (table 3.1a). The HLA class II 

DRB 1*0701 allele was found at a frequency of 52% in the ‘S’ vaccinated antibody non

responders which was significant when compared to both the HLA control group (%̂ 

=14.62, RR=3.01) and the vaccine responders groups (%̂ =16.18, RR=3.33). No other 

alleles at the HLA-DRB 1 locus significantly differed from the controls. At the HLA- 

DQBl locus the frequency of DQB 1*02 alleles was found to be 71.6% for the ‘S’ 

vaccinated antibody non-responders compared to 45% (%̂ =14.88, RR=3.08) for the 

HLA control group and 36% for the vaccine responder controls (%̂  =31.74, RR=5.65).

99



Chapter 3

There was a significantly reduced frequency of the DQB 1*0602 allele within the ‘S’ 

vaccinated antibody non-responders compared to the HLA control group =12.06, 

RR=0.25), but not when compared to the vaccine responder controls (table 3.1b).

3.2.2. Confirmation of haplotype association in the Hepagene™ trial recipients by 

HLA subtyping.

The distribution of HLA-DRB 1-DQBl haplotypes in the ‘S’ vaccinated antibody non

responders and controls groups are shown in table 3.2.

As previously identified the frequency of the DQB 1*0602 allele within the ‘S’ 

vaccinated nonresponders was reduced when compared to the HLA control group. The 

haplotype association of this allele was confirmed by PCR-SSP and found to be 

exclusively associated with the DRB 1*1501 allele. The frequency of the haplotype 

DRB 1*1501; DQB 1*0602 was not significantly reduced when compared to the HLA or 

vaccine control groups. The DRB 1*0701; DQB 1*02 haplotype was found at a 

frequency of 27% in the nonresponders, which was significantly elevated when 

compared to the frequencies found in the HLA (9.5%, ^  =23.82, RR=3.58) and vaccine 

control groups (7.7%, =28.33, RR=4.50). A PCR-SSP assay was developed to

subtype the DQB 1*02 allele and conditions of the PCR reactions were optimised 

(figure 3.1) to obtain consistent results. All ‘S’ nonresponder individuals expressing 

the DQB 1*02 allele (n=58) were tested and the HLA-DQB 1*0202 variant was found to 

be exclusively associated with the DRB 1*0701 allele. Conversely, the DRB 1*0301 

allele was found to be exclusively associated with the DQB 1*0201 variant as reported 

previously by linkage disequilibrium studies (Hall et a l, 1993) (table 3.3). No other 

haplotypes differed significantly from the control groups.

The DRB 1*0701 allele was found in linkage disequilibrium with the DQB 1*0303 by 

using PCR-SSP. Individuals expressing the genes encoding DRB 1*0701 and DQB 1*03
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(n=7) were confirmed to have both present on the same haplotype by the detection of 

the DRB4*0103102N, a null allele found solely on the DRB 1*0701; DQB 1*03032 

haplotype (table 3.3).

The HLA class I B44 antigen is also found in linkage disequilibrium with the 

DRB 1*0701 allele. The HLA-B44 gene variants include, HLA-B*4402 and B*4403, 

found commonly associated with HLA-DRB 1*0701. The HLA-B*4402 allele was 

detected in 53% of those ‘S’ nonresponders expressing the B44 antigen, whereas 

B*4403 was found in 47%, the latter being elevated when compared to published data 

(Tiercy et a l, 1994). Table 3.3 shows the distribution of the HLA-B*44 alleles among 

those individuals expressing the DRB 1*0701 and DRB 1*03 haplotypes. The frequency 

of B*4402 and B*4403 in this population was 65% and 35% respectively which is 

comparable to the expected frequency in a Caucasoid population (Tiercy et a l, 1994).

The association of the polymorphic HLA-DQ (ap) heterodimers has previously been 

associated with disease (Sollid et a l, 1989). The HLA-DQA 1*0201 allele was found to 

be exclusively associated with the DQB 1*0202 haplotype and DQA 1*05011/12 with 

the DQB 1*0201 haplotype. However, the distribution of the heterodimers was not 

significantly associated with lack of a response to ‘S’ vaccination.
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Table 3.1a. The frequency of the HLA class I antigens in the Hepagene™ recipients, HLA control and vaccine control populations. The P 

values shown are uncorrected. The table includes the frequency of the HLA class I antigens present in the Hepagene^“ nonresponder (NR)

^  ^  ' Anlliten H ep a i’voe'™ rccip ien U  H I.A  C ontrols V n ccin c C on tro ls ^****h | ' a  ^ V ncclne vs H I.A  H epngene™  N B

( % )  (% ) (% ) RR P value R R  P value RR P va lu e  % R R  P value
n=N6  n = l3 l  n = l 17

A! 32 33 37 33
A2 46 StI 45 53
A3 22 16 22 33
A ll IS 13 9 6
A23 X 4 2 3
A24 12 22 13 13
A23 4 2 3 3
A26 2 7 X
A28 4 6 II 3
A29 12 III X III
A3tl 7 6 3 III
A3I 2 S 9 3
A32 6 X 6 6
A33 2 4 6 6
Afifi 2 (1 U 3

B7 14 22 25 III
B8 29 3(1 26 33
BI3 6 2 4 13
BI4 III III 5 211
BIN 2 X II 3
B27 X 12 13 III
B33 21 17 IX 13
B37 1 3 3 U
B38 1 4 3 3
B4I 2 4 1 6
B42 1 Ü 1 0
B44 41 32 24 33
B45 1 II U II
B49 4 3 3 6
B3I 2 X 5 1)
B52 1 2 1 3
B55 4 S 3 3
BS7 5 7 4
BS8 S 2 9 13

B6U 6 8 9 3
B62 14 13 9 III

B75 1 0 1 Ü

B6S I 0 I 0
BTO 1 0 0 0
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Table 3.1b. The frequency of the HLA class II alleles in the Hepagene"^ recipients, HLA control and vaccine control 

populations. The P values shown are uncorrected. The table includes the frequency of the HLA class II alleles present 

in the Hepagene™ nonresponder (NR) population.

HLA allele Hepagene™ HLA Vaccine Hepagene™ Hepagene™ Vaccine vs HLA Hepagene™ NR
recipients Controls Controls vsHLA vsVaccine Hepagene™ NR vs HLA

(%) (%) (%) RR P value RR F value RR P value % RR P value
n=86 n=131 n=117 n=30

DRB 1*01 12 21 27 0
DRB 1*03 33 30 24 33
DRB 1 *04 36 31 25 26
DRB 1*07 52 27 25 3.01 <0.001 70 6.41 <0.001
DRB 1*08 2 3 4 6
DRB1*10 2 0 0 3
DRB1*11 8 15 15 13
DRB1*13 20 15 24 16
DRB1*14 1 6 6 0
DRB1*15 14 32 21 3
DRB1*12 2 3 37 0

DQB 1*02 72 45 37 3.08 <0.001 5.65 <0.001 80 4.89 <0.001
DQB 1*04 4 2 3 6
DQB 1*05 20 30 31 3
DQB 1*0602 9 29 23 0.25 <0.001 0
DQB 1*0603 7 9 6 3
DQB 1*0604 5 5 6 0
DQB 1*0605 4 2 3 0
DQB 1*0301 34 34 33 20
DQB 1*0302 13 15 19 13
DQB 1*0303 6 8 10 13
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Table 3.2. The frequency of the HLA haplotypes in the Hepagene"' recipients ( ‘S’ vaccine nonresponders), HLA control and vaccine contr 

populations. The P values shown are uncorrected. The table includes the frequency of the HLA haplotypes present in the Hepagene™ nonrespond 

(NR) population.

Haplotype Hepagene™ HLA Vaccine Hepagene™ vs Hepagene™ vs Vaccine vs Hepagene™ Hepagene™ NR
recipients Controls Controls HLA Vaccine HLA NR vs HLA

(% ) (% ) (% ) RR P value RR P value RR P value % RR P value
n=172 n=262 n=234 n=60

DRB 1*0301 DQB 1*0201 16 15 12 18
DRB 1*0701 DQB 1*0202 27 10 8 3.58 <0.001 4.5 <0.001 38 5.8 <0.001
DRB1*01 DQB I *0501 6 II 12 0
DRB1*1501 DQB 1*0602 6 16 10 0
DRB1*13 DQB 1*0603 6 8 10 5
DRB1*11 DQB 1*03 5 8 6 8
DRBl *04 DQB 1*03 19 15 16 13
DRBl *0701 DQB 1*03 4 6 4 6
DRB1*12 DQB 1*03 1 1 2 0
DRB 1*08 DQB 1*04 1 1 1 3
DRB1*I4 DQB 1*05 1 1 2 0
DRB1*10 DQB 1*05 1 0 1 1.6
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Figure 3.1. The HLA-DQB 1*0202 alleles were determined by PCR-SSP. Panels A 

and B demonstrate the optimisation of the SSP using 5 individuals (a-e)

Panel A shows the optimisation of the PCR-SSP using 3 individuals with the following 

D Q B l*  types; a) HLA-DQB 1 *0602, DQB 1*0301 shown in lanes 2-4, b) HLA- 

DQB 1*0201, - shown in lanes 5-7 and c) HLA-DQB 1*0202, - shown in lanes 8-10. 

The annealing temperature used in these experiments was 54°C which produced non

specific bands and poor amplification of the 330bp (3,M internal control.

2  2 3 4 5 6 7 8 9 10
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Panel B represents the PCR-SSP following optimisation the individuals shown are d) 

H L A -D Q B 1 *0402, DQB 1*03032 shown in lanes 2-4 and e) HLA-0201, - shown in 

lanes 5-7. The annealing temperature shown in Panel B was 56°C, which did not 

produce non-specific amplification. This annealing temperature was used in all 

subsequent H L A -D Q B 1 *02 subtyping experiments.

1 0 6
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3.2.3. Association of HLA with the response of revaccination with Hepagene™.

The 86 ‘S’ vaccinated antibody non-responders were revaccinated with the Hepagene™ 

(Medeva, UK) and antibody titres measured at months 0, 2 and 6. From the antibody 

data at month 6, 30 individuals remained antibody non-responders (<10 IU/1). The 

frequencies of each antigen and allele at the phenotypic level were calculated for the 

Hepagene™ vaccinated antibody non-responders and compared to the HLA control 

population (table 3.1). Applying identical criteria for significance as above we found 

that 70% of the Hepagene™ vaccinated antibody non-responders carried the 

DRB 1*0701 allele, compared to 26% for the HLA controls (%̂  =20.18, RR=6.41). 

Similar to the pattern above we found that DQB 1 *02 alleles were carried by 80% of the 

Hepagene™ vaccinated antibody non-responders and 45% of the HLA controls (%̂ 

=11.97, RR=4.89). No other HLA class I or class II antigens and alleles were found to 

reach significance compared to the HLA control population.

The haplotype DRB 1*0701; DQA 1*0201; DQB 1*0202 was found at a frequency of 

38% in the Hepagene™ vaccinated antibody non-responders reaching significance when 

compared to the HLA control group (table 3.2).

3.2.4. Molecular modelling of HLA-DQ (al*0201, p*0202).

To investigate the peptide binding motifs of the HLA-DQ (al*0201, P*0202) molecule 

a model was generated by Dr Paul Travers (figure 3.2). From this model we predicted 

the positions for PI (acidic pocket), P4 (basic pocket) and P9 (basic pocket) and 

identified peptides with residues at the appropriate positions from the Hepagene™ 

sequence. Two potential peptides were identified in the S region and a single peptide in 

PreSl/S product as shown in figure 3.3.
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Table 3.3. Hepagene™ vaccinees that expressed the HLA-DRB1*03 and DRB 1*07 

haplotypes. The haplotype has been characterised for HLA-A and B antigens, HLA- 

B*44 subtype, HLA-DRB1 * and DRB4* alleles. In addition the HLA-DQ (ap) 

heterodimers are also shown.

ID Number HLA-A HLA-B 844 Subtype HLA-DRB 1« HLA-DRB4* HLA-DQAl* HLA-DQBl*

1 A3. 29 B44.- 4403 0701.- 0201.- 0202/3. -
2 A2.29 B44.62 4403 1301/02.0701 0103.0201 0202/3.0603
3 A l,2 88.50 0301.0701 0201.05011/12 0201.0202/3
6 Al,3 88.27 0301.0701 0201,05011/12 0201.0202/3
8 A1.2 814.44 4403 0701.- 0201.- 0202/3-
12 A l,2 844.62 4403 0403-11.0701 0201.03011/02 0202/3,0302
13 A24.31 844. 14 4402 0701,1001 0101.0201 0202/3.0501
14 A 2.11 844.35 4403 1301/02.0701 0102.0201 0202/3.0605
17 A26,11 844.35 4403 0401.0701 0201.03011/02 0202/3.0302
19 A1.30 88.41 0301.0701 0103102N 03011/02.05011/12 0201.03032
20 A L  88.35 0301.0101 0101.05011/12. 0201.0501
21 AI. 2 88.35 0301.0401 03011/02.05011/12 0201.0302
24 A2.23 87.49 0103.0301 0101.05011/12 0201.0501
26 A2.3 814.35 0801-04.0701 0103102N 0601.- 0402.03032
28 A1.2 844.- 4402 0701. 1201/2 0101101 0201.05011/12 0202/3.0301
29 A1.29 88.- 0301.- 05011/12.- 0201.-
30 A3. 11 851.37 1501.0701 0101.0201 0202/3.0602
31 A3. 29 88.13 0301,0701 0201.05011/12 0201.0202/3
32 A1.29 88.45 0301,0701 0201.05011/12 0201.0202/3
33 A2.3 87.27 0401,0701 0201.03011/02 0202/3.0302
35 A1.3 814. 58 0403-11,0701 0103101,0103102N 0201.03011/02 0302.03032
36 A24.30 813. 14 0102,0701 0101.0201 0202#. 0501
37 AI.29 88.44 4403 0301.0701 0201.05011/12 0201.0202/3
38 A2.24 88.44 4403 0301.0701 0201.05011/12 0201.0202/3
40 A l.- 865.57 0301,0701 0103102N 0201.05011/12 0201.03032
42 A2.- 844.- 4402 0402,0701 0103101,0103102N 0201.03011/12 0302.03032
43 A l.- 88.- 0301,- 05011/12.- 0201.-
44 A2.24 88,44 4403 0301,0701 0201.05011/12 0201.0202/3
45 A l.- 88.- 0301.- 05011/12.- 0201.-
46 A l.- 88.62 0301,0401 05011/12.03011/02 0201.0302
47 A11.33 852. 60 1101/03/04,0701 0201,05011/12 0202/3, 0301
50 A2.30 844. 14 4402 0401,0701 0201.03011/02 0202/3,0301
51 A l.- 88,- 0301,- 05011/12.- 0201,-
53 A2. 30 835,41 0701,- 0103101,0103102N 0101.0201 0202/3,03032
54 A2.3 87,44 4402 0101,0701 0101.0201 0202/3,0501
57 A24. 11 857, 35 1501,0301 0102.- 0502,0605
58 A29. 32 855, 27 0403-11,0701 0201.03011/02 0202/3 ,0301
60 A23.30 835,42 0302, 1401/04 0101.0401 0401/02, 05031
64 A l.- 88, 57 0301,0401 03011/12/02.05011/12 0301,0201
65 A2.- 88. 13 0301,0701 0201.05011/12 0201.0202/3
66 A1.28 88.- 0301,0305 05011/12.- 0201.-
71 A1.28 88.- 0301,- 05011/12.- 0201.-
72 A2.29 844,62 0701,- 0201.- 0202#. -
74 A2.30 813, 14 0701,- 0201.- 0202#. -
76 A3, 29 844,14 4403 0701, 1301/02 0201.0102 0201.0605
78 A2.- 88,44 4402 0301,0701 0201.05011/12 0201.0202/3
82 A3.23 851,27 0701,1501 0101.0201 0202/3.0602
84 A2.11 88, 55 0301,0403-11 03011/02.05011/12 0201.0301
85 A1.24 88, 35 0301.- 05011/12.- 0201.-
86 A23.32 844. 14 4403 0701,- 0201.- 0202#. -
88 A66.29 87.58 0701,- 0201.03011/02 0202#. -
89 A2.32 87,44 4403 0701. 1501 0101.0201 0202/3.0602
90 A2.23 844,- 4403 0701.- 0201.- 0202#. -
92 A1.2 844.62 4403 0701,- 0201.- 0202#. -
93 A2.3 813. 58 0701.1301/02 0102.0201 0202/3.0603
95 A3.25 87,44 4402 0401,0701 0101,0201 0202#, 0301
96 A23. 30 844. 35 4403 0701.1301/02 0101.0201 0202#, 0605
99 A1.2 844.57 4402 0701.1301/02 0103.0201 0202/3.0603
100 AI.32 835.- 0301.0401/04 0101.05011/12 0201.05031
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F igure  3.2. Molecular model representing the predicted conformation of the HLA-DQ 

(a*0201, (3*0202) molecule.

A. The HLA-DQ («*0201, (3*0202) molecule showing the charge of the binding 

pockets.

*
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B. The HLA-DQ (a*02ül, |3*0202) molecule with a putative single peptide bound. 

Red regions demonstrate the acidic amino acids and the blue, basic amino acids. Note 

how the peptide binds into the distinct binding sites at PI, P4 and P9 o f  the HLA- 

DQ(a*0201, p*0202) molecule. (The computer models were kindly generated by Dr. P 

Travers, Birkbeck College, London).
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Figure 3.3. Predicted peptide motifs identified within the translation products of 

Hepagene™. Anchor residues displayed in bold.

S Translation (adw)

M E N I T S G F L G P L L V L Q A G F F L L T R I L T I P Q
V D V S L N F L G G T T V C L G Q M S Q S S T s N H
S P T S c P P T C P G Y R W M C L R R F I I F L F I L L L C
L I F L L V L L D Y Q G M L P V C P L I P G S S T T S T G P
C R T C M T T A Q G T S M Y P S C C C T K P - D \ 1 1' I
P I P s S W A F G K F L W E W A S A R F S W L S L L V P F V
Q W F V G L S P T V W L S V I w  M M W Y W G  P S L Y S I L s
P F L p L L P I F C L W V Y I

Pre S2/S Translation (ayw).

M Q  w  N s T T F H Q T L Q D P R V R G L Y F P A G G S S S G
T V N P V L T T A S P L s S I F s R I G D p A L N M E N I T
S G F L G P L L V L Q A G F F L L T R I L T I P 9 I) ^
\ S L N F L G G T T V C L G Q N S Q s S T S N H S P T S C

P P T C P G Y R W M C L R R F I I F L F I L L L C L I F L L
V L L D Y Q G M L P V C P L I P G S S T T S T G P C R T C M
T T A Q G T S M Y P S C C C T K D ' r i ( I P I P S S
W A  F G K F L W F W A S A R F S W L S L L V P F V Q W  F V G
L S P T V W L S V I W M M W Y W G P S L Y S I E S P F L P L
L P I F C L W V Y I

Pre S l/S  translation (adw)

M F  N N
P L G F F P D H D > A 1' 1 R A N T A N P D W F N P S E D
S W W  T S E N F E G G T T V C E G Q N S Q S S T S N H s P T
S C P P T C P G Y R W M C E R R F I I F E F I E E E C E I F
L E V E E D Y Q G M E P V C P E I P G S S T T S T G P C R T
C M T  T A Q G T S M Y P S C C C T K S D G G T C I P I P
S S W  A F G K F E W F W A S A R F S W E S E E V P F V Q W F
V G L s P T V W E S V I W M M W Y W G  P S E Y S I E S P F E
P E E P I F C E W V Y I
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3.3. Discussion

In this chapter, the HLA analysis of 86 ‘S’ vaccine non-responders that were recruited 

into a preSl/preS2/S (Hepagene™) vaccine trial is described. This group represented 

the largest study of antibody non-responders to hepatitis B vaccine and HLA. The 

objective was to analyse the frequency and distribution of HLA alleles within the non

responder population and to correlate these findings with HBs-antibody response 

following vaccination with Hepagene™ vaccine, which includes additional 

immunogenic components of the surface coat of HBV, not present in the ‘S’ containing 

vaccines.

We found significantly increased frequencies of the HLA genes encoding DRB 1*0701 

and DQB 1 *02 both individually and when found in linkage disequilibrium on the HLA 

haplotype DRB 1*0701; DQB 1*02 compared to HLA and ‘S’ vaccine control 

populations. This is in agreement with previous reports (Walker et al., 1981; Craven et 

al., 1986; Alper et a i, 1989) that identified an excess of HLA-DR7 in a population of 

‘S’ vaccinated antibody non-responders. The extended HLA haplotype B8, DR3, SCOl 

which has been strongly implicated in hepatitis B vaccine nonresponse (Craven et al., 

1986; Alper et al., 1989; Kruskall et al., 1992) was found to be carried by 16.3% of our 

‘S’ vaccinated antibody non-responders, compared to 11.9% in the vaccine control 

group. However, this did not reach significance by our stringent analysis. The HLA- 

DQ2 antigen was found at a frequency of 71.6% in the S’ vaccinated antibody non

responder population. The genes encoding the HLA-DQ2 are subtyped into 

DQB 1*0201 (in linkage disequilibrium with DR3) and DQB 1*0202 (in linkage 

disequilibrium with DR7) (Hall et al., 1993). The lack of antibody response to ‘S’ 

vaccination is significantly associated with the HLA haplotype DRB 1*0701; 

DQB 1*0202. However, a second HLA haplotype DRB 1*0701; DQB 1*03032 was not
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associated with the lack of antibody response to ‘S ’ vaccination indicating a crucial role 

for the DQB 1*0202 allele.

Milich first described the effects of vaccination with the products of the pre-S 1 and pre- 

82 regions of the HBV genome in 1985 from mouse studies (Milich and Chisari, 1985). 

Previous vaccination in humans with the pre-S regions has yielded variable results 

(Suzuki et ai,  1994; Leroux-Roels et ai,  1997). However, no previous comparative 

study, equivalent to the number of individuals in the current study has addressed the 

influence of HLA upon response to a preSl/preS2/S containing vaccine (Hepagene™) 

exists. The revaccination of the trial subjects with Hepagene™ vaccine elicited an 

antibody response in 56/86 of the previously non-responder individuals. The HLA 

haplotypes in the Hepagene"' vaccinated responder population were analysed and found 

that all those individuals expressing the HLA haplotypes D R l;  DQ5 and DR 15; DQ6 

demonstrated an antibody response >10 IU/1. Indeed those with the DRB 1*1501; 

DQB 1*0602 haplotype all responded with a titre >100 IU/1. In this study we have also 

observed a low frequency of individuals expressing the DQB 1*0602 allele within the 

antibody non-responder population, suggesting that the presence of  this allele strongly 

predisposes to antibody response following ‘S ’ vaccination.

The most striking observation, however, indicates that the HLA haplotype DRB I *0701; 

DQB 1*0202 is significantly associated with antibody nonresponse to the preSl/preS2/S 

containing vaccine. The association suggests a role for the HLA-DQB 1*0202 allele, 

only found in the context of this haplotype, in modulating the immune response to the
-tvieiA

Hepagene™ vaccine. The HLA-DQ molecules are less well characterised^HLA-DR and 

have shown to have the ability to present peptides, although expressed at comparatively 

lower levels than HLA-DR (Sontheimer et ai,  1986; Brooks and Moore, 1988). The 

structure of the HLA-DQ molecule differs from that of HLA-DR displaying 

polymorphism in both of its a  and (3 chains thereby potentially creating restricted
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peptide binding motifs (Kwok et a l, 1995; Raddrizzani et a l, 1997). This may 

increase the number of possible peptides binding to the HLA-DQ molecules. The 

principles governing peptide-binding interactions have been gradually defined in the 

context of disease models (Dorman et al., 1990; Lundin et al., 1993; Jackson and 

Capra, 1995; Johansen et al., 1996; Kwok et al., 1996; Spurkland et al., 1997; van der 

Wal gr al., 1997). In order to address the peptide binding motifs involved in response 

to hepatitis B vaccine peptides, the motifs from a HLA-DQ(a1*0201, p*0202) model 

were considered (figures 3.2). From the HLA-DQ(a1*0201, p*0202) model the 

characteristic binding pockets located at positions 1, 4 and 9 were identified. However, 

subsequent experimental data has indicated that anchor residues at positions 6 and 7 

also participate in peptide binding specificities (Johansen et al., 1996; van der Wal et 

al., 1997). Despite polymorphism in both chains of the heterodimer, the p chain 

polymorphism appears to play the most important role in peptide binding (Johansen et 

al., 1996; Raddrizzani et al., 1997). However, unlike HLA class I, the principles for 

peptide binding for the HLA class II molecules and particularly HLA-DQ, remain to be 

defined.

It has been proposed that in HLA-DQ heterozygote individuals the DQaand DQP 

chains may potentially cross pair resulting in functional DQ-heterodimers that may alter 

peptide binding and T-cell interactions (Kwok et a l, 1993). An association with HLA- 

DQ (ap) trans-encodQd dimers have been investigated in relation to disease however, in- 

vivo expression has yet to be resolved (SoUid et al., 1989; Lundin et al., 1990). An 

analysis for the distribution the potential rran^-encoded dimers could not be investigated 

in our study population given the low numbers involved.

In a Japanese population, HLA-DQ has previously been linked to a nonresponder 

phenotypes to ‘S’ containing vaccination, streptococcal cell wall, mycobacterium and 

pollen antigens (Matsushita et al., 1987; Sasazuki, 1989; Ottenhoff et al., 1990;
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Watanabe et a l, 1990). Although the mechanisms involved still remain unclear, it has 

been suggested that HLA-DQ linked immune suppression is mediated by CD8^ 

lymphocytes but the evidence for this remains inconclusive (Sasazuki, 1989). Indeed 

molecular mimicry of peptides, derived from the regions of HBV in the vaccine, with 

self peptides could lead to anergy of T cells leading to deletion in the peripheral tissues 

(Nossal, 1989; Salgame et a l, 1991; Simpson et a l, 1994). Moreover this may also 

influence the T-cell repertoire during thymic maturation resulting in lack of response to 

hepatitis surface antigen epitopes.

It is interesting to speculate on why nonresponse is found to be associated more 

strongly with a DQB 1*0202 allele on a DRB 1*0701 haplotype, when the only 

difference between the DQB 1*0202 allele and the closely related DQB 1*0201 lies 

within the second domain, residue 135. The position of this residue does not contribute 

directly in the formation of the peptide binding groove yet remains influential. This 

might indicate a distal role for this polymorphism in modifying the conformation of the 

peptide binding groove or affect the binding of accessory molecules to HLA-DQ as 

demonstrated for HLA-DR (Fleury et a l, 1995) or, as above, may lead to the education 

of a specific T-cell repertoire.

Moreover, the observed polymorphism may simply be in linkage disequilibrium with a 

nonresponse or Ir gene elsewhere within the haplotype. Resolution of this question 

should facilitate a better understanding of the contribution of HLA-DQ in mediating 

vaccine responses. Functional analyses considering the HLA background of the 

individual may also be important in elucidating the mechanism underlying hepatitis B 

vaccine nonresponse.
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CHAPTER 4

Human leukocyte antigens influence the immune response to a Pre-S/S 

hepatitis B vaccine (Hepagene™).

4.1. Introduction.

Currently in the UK, hepatitis B vaccination is recommended for individuals who are at 

risk of hepatitis B infection because of their life style or occupation (Department of 

Health. 1996). If the hepatitis B vaccinee does not produce >100 IU/1 of anti-HBs 

following a standard course of immunisation then further doses of vaccine are offered to 

the individual. If exposed to hepatitis B infection the nonresponder individuals may 

receive pooled hepatitis B immunoglobulin in addition to a booster vaccination 

(Department of Health. 1996).

The inclusion criteria for the 86 individuals recruited for the Hepagene™ vaccine trial 

was non-seroconversion (<10 IU/1) following 4 previous ‘S’ hepatitis B vaccinations 

(Materials and Methods 2.1.3). As a result of these criteria the Hepagene™ vaccinated 

population included many individuals who received upwards of 6 previous ‘S’ vaccinations 

that failed to produce significant anti-HBs titres. There have been few reports regarding 

revaccination of persistently nonresponder individuals with pre-S/S vaccines, none of which 

have considered the contribution HLA (Clements et al, 1994; Bertino, Jr. et a l, 1997; 

Leroux-Roels et al, 1997).

Previous investigations identified that variability in B-cell responsiveness in healthy responder 

and nonresponder ‘S’ vaccinated individuals were reflected in the T-cell responses (Egea et
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al, 1986; Leroux-Roels et al, 1994). Other studies have found the T-ceU responses in 

healthy responder hepatitis B vaccinated individuals failed to correlate with B cell responses 

(Cells era/., 1984).

In the following chapter, the function of the immune response within 86 persistent 

nonresponders is considered following the administration of a single Hepagene™ vaccination. 

The humoral and cellular responses are specifically addressed with respect to the distribution 

of HLA, determined in the Chapter 3, and the dose of Hepagene™ administered.
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4.2. Results.

For the purpose of these data, anti-HBs responses to Hepagene™ >100 IU/1 were 

considered high responders. As the detection limit of the Biokit anti-HBs assay used for 

antibody determination was 1-2 IU/1, vaccinees producing an anti-HBs response 1-100 

IU/1 following a single dose of Hepagene™ were termed suboptimal responders. 

Nonresponders were classified as those vaccinees demonstrating no detectable (<1-2 

IU/1) anti-HBs responses.

4.2.1. Hepagene™ specific lymphoproliferation assay.

The conditions for the proliferation assay were described in the Materials and Methods 

chapter section 2.6.2 and determined after preliminary experiments that sequentially 

explored the duration of the assay and concentration of non-adjuvanted Hepagene™ 

antigen required for reproducible results from a number of individuals (figure 4.1). The 

assay was developed using 1x10  ̂ cryopreserved lymphocytes plated out in triplicate. 

From titration and time point experiments shown in figure 4.1 the Hepagene™ antigen 

was used at a fmal concentration of 3pg/ml in a 7 day assay with the addition of methyl 

^H-thymidine on day 6. Phytohaemaglutinin (PHA) non-specifically stimulated T-cells 

and was found to optimally stimulate PBMCs when used at 2pg/ml in a 3-day 

proliferation assay. Tetanus toxoid vaccination and boosters are common following 

potential exposure to Clostridium Tetanii. This was exploited here as a control for 

recall antigen specific T-cell proliferation. 2 LF Units/ml of tetanus toxoid optimally 

stimulated PBMCs for 7 days and this control was included in all assays. As the assays 

were performed on different days the results were standardised using the stimulation 

indices (SI), which was the mean counts min-1 from the antigen stimulated cultures 

mean counts min ' of unstimulated cultures. All samples from Hepagene™ vaccinated 

individuals proliferated to PHA with a SI > 10 after 3 days, verifying the cells were 

viable (table 4.1). The tetanus toxoid control demonstrated significant (SI> 2) 

proliferation in 32 individuals. However, 8 subjects elicited tetanus toxoid responses 

(SI< 2) probably caused by lack of antigen boosting (table 4.1) in those individuals.
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Figure 4.1 Optimisation of the Hepagene™ proliferation assay. (A) Titration of Hepagene™ 

antigen. PBMCs were stimulated with varying concentrations of Hepagene™ for 7 days. The 

optimum concentration was determined to be Bpg/ml. (B) The peak proliferative response to 

Hepagene™ was verified to be 7 days.
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Table 4.1. Stimulation indices for PHA and TT proliferation. Data was collected for each 

sample obtained from the Hepagene™ vaccinees.

ID PHA (SI) TT(Sl) PHA (SI) TT(Sl) PHA (SI) TT(SI) PHA (SI) TT(SI)
Number M2 M2 M6 M6 M18 M18 M20 M20

1 487.30 8.45
2 232.90 4.58 57.56 2.42
3 1225.60 1.44 390.02 2.83
4 158.30 46.00 244.19 45.68
6 648.90 4.27
7 219.70 18.42
8 86.57 2.41 148.74 6.94
10 346.00 4.03 112.68 2.12
11 27.92 1.56 190.6 2.8
13 252.10 2.86
14 241.45 30.70 210.78 23.78
15 196.60 1.50 72.31 1.27
16 199.40 3.78 102.94 3.68 47.55 6.28 172.70 5.89
17 76.20 17.05 282.50 14.55 36.58 14.51 482.51 5.99
18 784.50 2.38 60.93 1.75
19 389.50 1.75 234.16 1.25 243.24 42.80
20 33.90 1.54 43.71 0.88
21 65.20 9.83
22 1183.40 2.81
23 384.00 0.62
24 13.09 5.9 99.54 10.27
26 338.80 23.09
29 81.90 7.11 63.77 2.01 14.80 5.86 101.63 15.11
31 78.40 2.29 155.86 1.49
33 479.60 31.09 297.35 24.93 375.46 49.60 599.27 42.58
34 441.50 2.40
35 175.80 47.24
37 1734.10 36.83 21.40 32.01
38 155.50 0.48

216.9640 1038.90 15.94 13.41 499.21 31.65 205.92 25.08
43 228.50 18.66 380.39 22.48 424.52 13.01 199.15 13.66
46 21.00 3.54
47 81.00 9.67 199.52 11.96
48 452.98 19.60
49 651.40 8.54 178.56 6.73
54 410.90 4.00
56 60.70 2.19
65 349.56 12.75
66 20.10 11.81 208.44 12.68 208.4 12.74 30.39 18.07
68 200.30 1.01
69 108.90 0.64 291.45 0.98
70 46.90 31.11 482.44 50.04 175.31 47.21 164.21 41.02
72 1150.27 41.40
73 97.00 0.91
74 223.50 1.37 309.24 2.24 243.24 2.80
76 59.50 2.70
77 701.00 12.15 156.60 13.02
78 550.00 5.37 301.93 32.63
82 428.42 2.3
85 31.57 5.15
86 412.80 14.40
89 128.10 19.93 132.20 26.54
93 17.33 15.23 60.62 12.25
96 198.60 1.47
99 117.9 22.15 946.85 26.13
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4.2.2. Hepagene™ vaccination elicits an anti-HBs response in persistently anti- 

HBs nonresponder individuals.

Eighty-six repeatedly ‘S’ vaccinated anti-HBs nonresponder individuals received a single 

dose of Hepagene™ (pre-S/S) vaccine. Sixty-five (76%) developed a significantly 

detectable anti-HBs response (p= 0.0012), when compared to the anti-HBs responses 

prior to Hepagene™ vaccination. Furthermore, 19 (22%) previously nonresponder 

individuals produced an anti-HBs titre of >100 IU/1.

To investigate the effect of previous ‘S’ vaccinations upon the ability to produce anti- 

HBs the titres of the vaccinees were grouped according to the number of previous ‘S’ 

vaccinations, which they received. Of the 86 nonresponders, the median number of ‘S’ 

containing vaccinations received prior to Hepagene™ was 5. Twenty-two individuals 

received 4 ‘S’ containing doses, 28 received 5 and a further 6 received 6. The remaining 

16 individuals received 7 (n=10), 8 (n=2), 9 (n=2) and 10 (n=2) doses (figure 4.2). 

Detectable anti-HBs responses were found in 20 (90%), 16 (57%), 16 (80%), and 10 

( 100%).

From the distribution of the anti-HBs responses in figure 4.2 the median number of 

previous ‘S’ vaccinations received by the 19 (22%) Hepagene™ high responders 

vaccinees (>100 IU/1 of anti-HBs) was 5. The 19 high responders were distributed 6 

(27%), 5 (18%), 7 (35%) and 1 (10%) in the groups who received 4, 5, 6, 7 previous ‘S’ 

vaccinations.

21 (24%) individuals remained anti-HBs nonresponders. This group were also 

vaccinated a median of 5 times previously, the same as the high responders above. The 

distribution of these individuals was 2 (9%), 12 (43%), 4 (20%), 0, 1 (10%), 1 (50%), 1 

(50%) individuals in the groups receiving 4, 5, 6, 7, 8, 9 and 10 previous ‘S’ containing 

vaccinations, despite vaccination with Hepagene™.
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Figure 4.2. Number of previous ‘S’ vaccinations received by the Hepagene™ recipients 

and the anti-HBs response produced following a single Hepagene™ vaccination. The 

anti-HBs responses of the vaccinees were grouped according to the criteria in the text 

(section 4.2).
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The arithmetic means of the anti-HBs responses in groups that received 4-10 previous 

‘S’ vaccinations were greater than the median values elicited from immunisation with a 

single dose of Hepagene™ and indicative of a skewed response (table 4.2). In order to 

render the distribution more symmetric the geometric mean titre (GMT) was calculated 

that represented the logarithmic transformation of the anti-HBs data (Materials and 

Methods 2.9.3). Here the anti-HBs titres in each repeatedly vaccinated group were 

considered. Those Hepagene™ vaccinees that previously received 4 and 6 ‘S’ 

vaccinations demonstrated anti-HBs geometric mean titres (GMTs) of 43 IU/1 (table 

4.2). Also, Hepagene™ vaccinees produced anti-HBs GMT of 11 and 13 IU/1 in the 

groups that previously received 5 and more than 7 ‘S’ vaccinations, respectively. The 

Mann-Whitney test compared the Hepagene™ vaccinees that received 7 or more ‘S’ 

vaccinations prior to receiving Hepagene™ were compared with those who received less 

than 7. Those individuals that received greater than 7 ‘S’ vaccinations exhibited 

significantly lower anti-HBs titres following a single immunisation (p= 0.0045).
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Number of previous 

vaccinations

4 5 6 >7

n= 22 28 20 16

Mean ± SD 1971309 373 ± 1043 72511516 4 0 1 8 6

Median 25 11 28 9

GMT ± SD 43 ± 7 13 + 15 4 3 1 1 7 1 1 1 5

(95% Cl) (29-57) (5-23) (10-76) (1-21)

Table 4.2. Anti-HBs titres of vaccinees that received multiple ‘S’ vaccinations prior to a 

single dose of Hepagene™.
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4.2.3. Hepagene™ vaccination produces an anti-HBs response that was dose 

dependent

The distribution of the Hepagene™ dose and the number of previous ‘S’ vaccinations 

were distributed evenly (table 4.3). Of those individuals who received 7 or more 

previous ‘S’ vaccinations 24% were immunised with 40pg/ml, the highest trial dose. 

Despite this, the overall GMT for this group remained low (11+ 50) (table 4.2). Indeed, 

33% of those Hepagene™ vaccinees that received 4 previous vaccinations were 

randomised to receive 40pg/ml compared to 19% of those who received 5 previous 

vaccinations.

In addition, 41% of individuals that received the lowest trial dose (5pg/ml) were also 

vaccinated 5 times before with ‘S’ containing hepatitis B vaccines. This represented 

32% of the individuals who received 5 previous ‘S’ vaccinations and contributed to the 

low GMT (13 ± 15) observed in this group. The recalculation of the GMT in vaccinees 

that received 5 previous ‘S’ vaccinations, which excluded those who were randomised to 

receive 5pg/ml, revealed that the GMT rose to 32 ± 14. Therefore, to further investigate 

the influence of dose of Hepagene™ the groups were analysed separately.

Vaccinees that received the 5pg/ml vaccination produced less anti-HBs compared to 

individuals who received higher doses of Hepagene™ (table 4.4). The GMT for 

vaccinees that received the 5pg/ml dose was 10 times less than those receiving 40pg/ml 

(table 4.4). Comparison of those vaccinated with 5pg/ml or the 10, 20 and 40pg/ml 

doses showed a significant difference between the lowest and highest vaccines doses 

(p=0.005) as seen in figure 4.3. There were no significant differences in the antibody 

titres between other groups. Linear regression analysis revealed that4j6% of the anti- 

HBs titres were dose related (p= 0.048, r^=0.046).

This difference in the dose response was clearer when individual responses were divided 

into high responders (>100 IU/1), suboptimal responders (1-100 IU/1) or non-responders 

(<1-2 IU/1). The highest levels of anti-HBs were achieved after immunisation with 

40pg/ml, where 9/21 (42.8%) vaccinees produced >100 IU/1. Other Hepagene™ dosage
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groups produced fewer high responders (3/22; 13.6%, 2/23; 8 .6 % and 5/20; 25% in the 

5, 10 and 20pg/ml doses respectively). The lowest frequency of anti-HBs responders 

was observed in the 5pg/ml dose group where 11/22 (50%) of the individuals produced 

no detectable anti-HBs. The proportion of individuals who produced a suboptimal 

antibody group was highest with lOpg/ml vaccine (19/23; 82.6%), whereas the 

proportions were similar in aU other dosage groups (8/22; 36%, 11/20; 55% and 8/21; 

38% in the 5, 20 and 40pg/ml doses respectively). Overall, these data showed that the 

anti-HBs response to a single dose of Hepagene™ was dose dependent.
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Figure 4.3. The relationship of anti-HBs response and dose of Hepagene™ following a 

single immunisation. The correlation coefficient analysis described the association 

between anti-HBs and Hepagene™ dose. Here the analysis showed that r^= 0.046 

(4.6%) and p=0.048 for the relationship of anti-HBs and dose of Hepagene™. The anti- 

HBs responses of the vaccinees were grouped into high responders (>100 IU/1), 

suboptimal responders (1-100 IU/1) or non-responders (<1-2 IU/1).
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Dose Number of previous ‘S’ vaccinations Total

4 5 6 >7
5 5 (22%) 9 (41%) 7 (23%) 3 (14%) 2 2 ( 1 0 0 %)

1 0 5 (22%) 7 (30%) 7 (26%) 5 (22%) 23 (100%)
2 0 5 (25%) 8  (40%) 4 (20%) 3 (15%) 2 0  ( 1 0 0 %)
40 7 (33%) 4(19%) 5 (24%) 5 (24%) 2 1  ( 1 0 0 %)

All 8 6  ( 1 0 0 %) 2 2  (26%) 28 (32%) 23 (23%) 16(19%)

Table 4.3. The distribution of Hepagene™ vaccinees with respect to dose and number of 

previous ‘S’ vaccinations received.
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Hepagene™ 
Dose (gg/ml)

Mean±SD
Anti-HBs (IU/1) 

Median GMT ± SD
(95% Cl)

5 50+128
Total (n=86)

4 6 ± 8

(-10-22)

10 81±181 24 22±5
(12-32)

20 788+1584 13 34+19
(-3-71)

40 • 533+1076 51 63+14
(36-90)

5
HLA-DRB1*0701 (n=40)

30+36 17 9±6
(-3-18)

10 28+31 13 13±5
(3-23)

20 546+1262 8 22+18
(-13-57)

40 715±1416 160 78±18
(43-123)

Table 4.4. The anti-HBs responses divided into mean, median and GMT of population 

of Hepagene™ vaccinees with respect to dose. Below the total (n=8 6 ) population are 

those individuals expressing the HLA-DRB*0701 haplotype (n=40).
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4.2.4. The consistent lack of anti-HBs production is correlated to an 

immunogenetic marker of nonresponse..

The immunogenetic phenotype of hepatitis B vaccine nonresponse has been repeatedly 

shown to be associated with the HLA-DRB 1*0301 or DRB 1*0701 alleles (Walker et al., 

1981; Craven et al., 1986; Kruskall et al., 1992). Furthermore, within this group of 

nonresponders the HLA-DRB 1*0701; DQB 1*0202 haplotype was significantly 

associated with nonresponse to Hepagene™ (Chapter 3). In figure 4.4 the distribution of 

those individuals expressing the HLA-DRB 1*0301 and DRB 1*0701 haplotypes were 

compared to those vaccinees expressing other HLA haplotypes.

Further evidence to support the relationship between the phenotype of hepatitis B 

nonresponse and an immunogenetic marker was reinforced when 81% of individuals that 

received 7 or more ‘S’ vaccinations expressed the HLA-DRB 1*0301 and DRB 1*0701 

haplotypes. Furthermore of 16 persistent (> 7 previous ‘S’ vaccinations) nonresponders, 

9 (56%) expressed the DRB 1*0701; DQB 1*0202 haplotype (figure 4.4b). Also, all 

those that expressed HLA-DRB 1*0301 and DRB 1*0701, which had been vaccinated 7 

or more times, failed to produce <100 IU/1 (figure 4.4a).

Vaccinees that expressed the HLA-DRB 1*0301 and DRB 1*0701 haplotypes produced 

greater levels of anti-HBs when they received higher doses of Hepagene™ (figure 4.5a). 

There was a significant relationship between anti-HBs response and dose in those 

individuals expressing HLA-DRB 1*0301 and DRB 1*0701 haplotypes (r^= 0.085, p= 

0.022). There was no relationship between anti-HBs response and Hepagene™ dose in 

vaccinees not expressing HLA-DRB 1*0301 and DRB 1*0701 haplotypes (r^=0.004, p= 

0.76).

Those expressing the HLA-DRB 1*0701 haplotype, in particular produced an anti-HBs 

responses >100 IU/1 when administered >10 pg/ml of Hepagene™ (figure 4.5b). 

However, when vaccinated with the 5gg/ml dose, the HLA-DRB 1*0701 vaccinees 

produced significantly less (25 times less) anti-HBs compared to individuals who
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received 40|iig/ml of Hepagene™ (p=0.022). This relationship is emphasised when the 

GMTs of the HLA-DRB 1*0701 vaccinees are considered in table 4.4.

The HLA-DRB 1*0701 homozygotes produced less anti-HBs than the HLA-DRB 1*0301 

homozygote individuals, following a single immunisation with Hepagene™ (table 4.5). 

The correlation between the HLA haplotype and dose was further emphasised when all 

those vaccinees homozygous for HLA-DRB 1*0701 failed to produce anti-HBs >100 

IU/1 despite the dose of Hepagene™ or number of vaccinations (figures 4.4b and 4.5b).
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Figure 4.4a. Distribution of the number of previous vaccinations with anti-HBs 

responses produced following a single Hepagene™ vaccination and the HLA haplotype. 

The vaccinees are grouped according to the expression HLA-DRB 1*0301 or 

DRB 1*0701 haplotypes. The anti-HBs responses of the vaccinees were grouped into 

high responders (>100 IU/1), suboptimal responders (1-100 IU/1) or non-responders (<1- 

2 IU/1).
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Figure 4.4b. The distribution of individuals expressing the HLA-DRB 1*0301 or 

DRB 1*0701 haplotypes with respect to the number of previous ‘S’ vaccinations. The 

anti-HBs responses of the vaccinees were grouped into high responders (>100 IU/1), 

suboptimal responders (1-100 IU/1) or non-responders (<1-2 IU/1).
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Figure 4.5a. The relationship of vaccine dose and anti-HBs response produced 

following a single Hepagene™ vaccination with respect the HLA haplotype. The 

vaccinees were grouped according to the expression of the HLA-DRB 1*0301 and 

DRB 1*0701 haplotypes. The anti-HBs responses of the vaccinees were grouped 

according to the criteria outlined in the text. The correlation coefficient analysis showed 

that r^=0.004, p=0.763 and r^=0.085, p=0.02 for the relationship of anti-HBs and dose of 

Hepagene™ with ‘Other’ HLA haplotypes and HLA-DRB 1*0301 and DRB 1*0701 

haplotypes respectively. The anti-HBs responses of the vaccinees were grouped into 

high responders (>100 IU/1), suboptimal responders (1-100 IU/1) or non-responders (<1- 

2 IU/1).
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Figure 4.5b. The distribution of individuals expressing the HLA-DRB 1*0301 or 

DRB 1*0701 haplotypes with respect to the dose of Hepagene™ and the anti-HBs titres. 

The correlation coefficient analysis showed that r^= 0.14, p= 0.054 and r^= 0.099, 

p=0.035 for the relationship of anti-HBs and dose of Hepagene™ with the HLA- 

DRB 1*0301 and DRB 1*0701 haplotypes respectively. The anti-HBs responses of the 

vaccinees were grouped into high responders (>100 IU/1), suboptimal responders (1-100 

IU/1) or non-responders (<1-2 IU/1).
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Anti-HBs Titres (IU/1)

HLA- HLA- HLA- HLA- Others

DRB1*0701 DRB1*0701 DRB1*0301 DRB1*0301

Heterozygous Homozygous Heterozygous Homozygous

Mean±SD 316 ±942 16 ±29 190 ±360 257 ± 350 577± 1317

Median 15.5 4.5 13 98 26

GMT±SD 2 1 ± 1 1 5 ± 5 18± 1 2 47±  13 40±  14

(95% Cl) (15-27) (-5-10) (-5-41) (22-72) (13-67)

Table 4.5. The anti-HBs mean, median and GMT of Hepagene™ vaccinees with HLA- 

DRB 1*0301, -DRB 1*0701 or other haplotypes (all minus HLA-DRB 1*0301 and 

DRB 1*0701 haplotypes). For the HLA-DRB 1*0301 and DRB 1*0701 haplotypes the 

heterozygous and homozygous vaccinees were considered.
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4.2.5. Relationship of Hepagene™ specific T-cell proliferation of persistently 

nonresponder individuals with anti-HBs titre and dose after receiving a single 

Hepagene™ immunisation.

The Hepagene™ specific T-cell proliferative assay was used to determine the cellular 

responses of 40 vaccinees following a single immunisation. There was no overall 

correlation between T-cell proliferation and anti-HBs responses (figure 4.6). However, 

4 antibody hyper-responders had concomitantly high stimulation indices. Two of these 

vaccinees were found to express HLA-DRB 1*0701 alleles associated with different 

HLA-DQ molecules indicating differing haplotypes. One (labelled 4 in figure 4.6) was 

associated with the HLA-DQB 1*03032 allele and the other (labelled 2 in figure 4.6) 

HLA-DQB1 *0202 allele, previously found associated with nonresponse in Chapter 3. 

As outlined above the dose of Hepagene™ was associated with anti-HBs response in 

4.2.3. The HLA-DRB 1*0701; DQB 1*0202 individual described above received the 

maximum trial Hepagene™ dose of 40pg/ml emphasising the link between Hepagene™ 

dose, immunogenetics and anti-HBs responses.

In order to investigate the effect of repeated ‘S’ vaccinations upon the T-ceU responses 

following Hepagene™ vaccination, the proliferative responses were grouped according 

to the number of previous ‘S’ vaccinations (figure 4.7). The median number of previous 

‘S’ vaccinations in the total 8 6  trial vaccinees was 5. PB MG from 40 vaccinees was 

obtained for proliferation analysis and within this group the median number of 

vaccinations was also 5, thus, this group was considered representative of the total 

number of Hepagene™ recipients. The median stimulation index of the individuals who 

received 7 or more previous ‘S’ containing vaccinations was higher than those who 

received 4 or 5 previous ‘S’ containing vaccinations, but this was not significant, most 

likely due to small numbers sampled from each group.

The relationships between T-cell proliferation to Hepagene™ antigen and the expression 

of HLA-DRB 1*0301 and -DRB 1*0701 haplotypes in individuals repeatedly ‘S’ 

vaccinated were analysed. There was no correlation between individuals with a ‘non

responder haplotype’ and the T-cell proliferation to Hepagene™ antigen (figure 4.7).
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Figure 4.6. The correlation of anti-HBs and Hepagene™ T-cell responses following a 

single vaccination. The HLA haplotypes and Hepagene™ dose of individuals with 

concomitantly high anti-HBs and T-cell responses are  ̂ DRB 1*1501; DRB 1*0401; 

DQB 1*0602, DQB 1*0301 (20|ig/ml),  ̂ DRB 1*0301, DRB 1*0701; DQB 1*0201, 

DQB 1*0202 (40ng/ml),  ̂ DRB 1*0301, DQB 1*0201 (5ng/ml),  ̂ DRB 1*0301, 

DRB 1*0701; DQB 1*0201, DQB 1*03032 (5pg/ml). The anti-HBs responses of the 

vaccinees were grouped according to the criteria outlined in the text. The correlation 

coefficient analysis showed r^= 0.023, p= 0.17.
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4.3. Discussion.

This study investigated the variability of the anti-HBs responses to licensed hepatitis B 

vaccines by considering the immune responses following a single dose of a pre-S/S 

vaccine (Hepagene™) in the context of HLA. The population of anti-HBs nonresponder 

individuals was previously characterised for anti-HBs responses (Zuckerman et al., 1997) 

and HLA distribution (Chapter 3). The influence of vaccine dose and HLA upon the 

anti-HBs response in nonresponder individuals who had received repeated doses of ‘S’ 

containing vaccines was analysed here.

Recent studies have demonstrated that repeated 20 or 40pg/ml booster vaccinations of 

nonresponders with ‘S’ containing vaccine eventually induced sufficient anti-HBs levels 

(Clemens et al., 1997; Goldwater, 1997). The population of nonresponders in this study 

all received more than 4 previous ‘S’ vaccinations. Moreover, 64 (74%) individuals 

were exposed to 5 or more ‘S’ vaccinations and 16 (19%) were revaccinated more than 

7 times and yet remained nonresponders. Vaccination with pre-S/S domains of the 

hepatitis B viral coat has been suggested to recruit pre-S specific T cells which aid anti- 

HBs production. The inclusion of pre-S regions within hepatitis B vaccination is thought 

to circumvent otherwise nonresponder individuals, enhance anti-HBs responses and 

produce a potentially beneficial anti-pre-S response (Milich et al., 1983). However, 

inclusion of the pre-S domains within hepatitis B vaccination remains controversial 

(Pillot et al., 1995; Bertino, <̂ r. et al., 1997; Leroux-Roels et al., 1997). Following 

revaccination of the persistently vaccinated nonresponder individuals with a single dose 

of Hepagene™, a dose dependent anti-HBs response was elicited, after 2 months, in 76% 

of the vaccinees, 22% of whom produced >100 IU/1.

In chapter 3, the HLA-DRB 1*0701 haplotype was found to be associated with 

nonresponse in the Hepagene™ revaccinated population (Chapter 3) and a single 

40|ig/ml dose of Hepagene™ generally circumvented nonresponse in this group of 

vaccinees. Other vaccine trials reported similar seroconversion rates of approximately 

70% as exhibited here, together with an early appearance (2 months) of anti-HBs 

response following pre-S/S vaccination (Tron et al., 1989; Suzuki et al., 1994). The
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observation that high dose pre-S/S vaccination has been suggested as a suitable addition 

to postexposure prophylaxis in unprotected or nonresponder individuals, regardless of 

their HLA type.

Cell collaboration is central to the induction of the immune response that is illustrated by 

the failure of passive immunoglobulin prophylaxis (HBIG) in chimpanzees to protect 

against HBV infection (Wahl et al., 1989). Whereas, administration of hepatitis B 

vaccine proved protective, demonstrating the importance of vaccine induced T-cell 

mediated immunity following exposure to HBV (Iwarson et al., 1988; Wahl et al., 1989). 

In this study the T-cell responses induced by vaccination with Hepagene™ were 

investigated. The cellular responses to Hepagene^"  ̂ were found to be prompt but the 

variation in these T-cell responses were not associated with the anti-HBs titre. Previous 

investigations have shown a correlation between anti-HBs response in healthy individuals 

immunised with ‘S’ containing hepatitis B vaccines and high T-cell proliferation to 

HBsAg in vitro, whereas, anti-HBs nonresponders exhibited no T-cell proliferation 

(Egea et al., 1991). However analyses have suggested that in vitro T-ceU responses 

were more related to the kinetics of the immune response to ‘S’ containing vaccines 

(Celis et al., 1984; Leroux-Roels et al., 1994). The data presented here showed no 

correlation with T-cell proliferation and the magnitude of the anti-HBs response, HLA 

haplotype, or the dose of Hepagene™ administered.

A potent way to induce antigen specific T-cell tolerance is by the repetitive 

administration of the antigen prior to immunisation (Myers et al., 1989). This was 

investigated here by the analysis of the T-cell responses obtained from individuals that 

received repeated exposure to ‘S’ containing vaccinations. Although I could only 

analyse 40 of the 8 6  Hepagene™, there was no relationship between the T-cell response 

and multiple exposures to ‘S’ containing vaccination. Indeed, there was a higher median 

titre of T-cell responses in the vaccinees that received 7 or more ‘S’ vaccinations. In 

tolerance models the nonresponsiveness of Thl but not Th2 cells have been 

demonstrated resulting in the inhibition of T-cell proliferation and inhibition of cytokines 

IL-2 and IFNy secretion, whereas the production of IL-4 was not affected (Ochel et al..
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1991; Burstein and Abbas, 1993). The potential role of the T cells and cytokines in the 

induction of hepatitis B vaccine nonresponse is explored in more detail in Chapter 6 .

The results reported here represent the preliminary anti-HBs responses obtained before 

the second and final administration of Hepagene™ to the 8 6  vaccinees. Future 

investigations would consider the affects of the host factors associated with long-term 

outcome of the immune responses to hepatitis B vaccination. Longitudinal analysis of 

the kinetics and cellular responses of Hepagene™ specific proliferation would clarify the 

relationship with the humoral response. In conclusion, these data have shown that 

vaccination with a single dose of Hepagene™ produced an anti-HBs response in 76% of 

previously nonresponder individuals, who repeatedly failed to respond when vaccinated 

with ‘S’ containing hepatitis B vaccines. We have identified that a single vaccination 

with high dose (40|ig/ml) Hepagene™ elicited protective anti-HBs responses in 

repeatedly S’ vaccinated nonresponder individuals. Also, > lOpg/ml of Hepagene™ was 

required to eleicit a protective anti-HBs response in HLA-DRB 1*0701; DQB 1*0202 

heterozygote individuals. Whereas, HLA-DRB 1*0701; DQB 1*0202 homozygote 

individuals failed to produce a protective anti-HBs response regardless of the dose of 

Hepagene™ received. The HLA haplotype of individuals and Hepagene™ dose are 

important considerations in designing long-term vaccine strategies for the protection 

against
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CHAPTER 5

The influence of host factors upon humoral and cellular responses to 
Hepagene™ vaccination.

5.1 Introduction.

The parameters potentially affecting anti-HBs levels have been analysed in hepatitis B 

vaccine trials with reference to; long term efficiency (Hadler et al., 1986; Courouce et al., 

1988; Whittle et al., 1995; Chang et al., 1997), immunogenicity (Stevens et al., 1984; 

Dahl-Hansen et al., 1990; Bock et al., 1996), route of vaccination (Payton et al., 1993; 

Struve et al., 1995), affects of host factors such as age, sex, height and weight (Margolis 

and Presson, 1993; Wood et al., 1993; Department of Health. 1996), genetic effects such 

as HLA, affects of alcohol, smoking and drug abuse, (Craven et al., 1986; Alper et al., 

1989; Kruskall et al., 1992; Roome et al., 1993; Rumi et al., 1998) the cellular and 

humoral kinetics (Taylor and Stevens, 1988; Nommensen et al., 1989; Leclerc et al., 

1995; B ocher et al., 1996) in response to vaccine in both normal and nonresponders. 

These studies have been performed on populations immunised with ‘S’ containing serum 

derived and recombinant vaccines but few with hepatitis B vaccine containing the pre-S 

and S domains (Clements et al., 1994; Bertino, Jr. et al., 1997).

Currently licensed hepatitis B vaccine schedules recommend a three-dose schedule at 0, 

6  and 12 months. Individuals who respond to the primary vaccination schedule with 

peak anti-HBs levels >100IU/1 after the third dose are presently recommended a booster 

dose within 5 years (Department of Health. 1996). The capacity of the pre-S and S 

regions to circumvent nonresponsiveness and enhance immunogenecity has been 

demonstated in the inbred mouse model (Mihch and Chisari, 1985; Milich et al., 1986).
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Incorporation of these regions into Hepagene™ investigated the reduction in the number 

of injections for immunocompetent persons with view to potentially improve the 

chances of protection in immunocomprimised subjects. Thus, it was proposed that 

Hepagene™ be administered in 2 doses at intervals of 0 and 2 months. Here this 

vaccination schedule is analysed longitudinally with reference to both anti-HBs and T- 

cell responses.

This chapter addressed the regulation of the B-cell responses by comparison to delineate 

CD4^ T-cell responses to both whole Hepagene™ antigen and the HBsAg (P25) 

component (figure 5.1). Thus, T-cell and humoral responses were analysed in the 

context of host factors following a full course of Hepagene™ vaccination (month 6 ) then 

longitudinally to post booster immunisation (months 18 and 20 respectively). These time 

points allowed us to analyse the kinetics of the humoral and cellular responses. Data 

were reviewed in the context of the work presented in chapter 4 with reference to both 

immunogenetic (chapter 3) and demographic characteristics of the vaccinees.
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= Blood sample for H B s-antibody determ ination. 

0  = Blood sample for lym phoproliferation assay.

Hepagene^^
Vaccination

0
#

0 2

0

12

20^g/ml Hepagene '̂  ̂
booster in 5 and lOpg/ml 

dose groups only.

0 0 
• #

18 20 

Months

Figure 5.1. Schedule of Hepagene™ vaccination and timing of booster doses. To 

illustrate the Hepagene™ vaccination schedule and time course figure 2.2 is repeated 

below for completeness.
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5.2. Results.

The anti-HBs titres were determined at months 2 and 6  post immunisation in 8 6  

Hepagene™ vaccinated individuals that previously failed to respond to licensed ‘S’ 

hepatitis B vaccinations. Demographic data (table 5.1) was recorded as per protocol for 

the Hepagene™ clinical trial. As stated previously 5, 10, 20, 40pg/ml of Hepagene™ was 

administered intra-muscularly to 22, 23, 20 and 21 trial subjects respectively (figure 

4.2). A post immunisation anti-HBs titre >100 IU/1 was considered seroprotective and 

such individuals were termed ‘high responder’. For the purpose of these analyses 

individuals producing <10 IU/1 were considered poor responders and those vaccinees 

producing 0 IU/1 were termed nonresponders.

The in vitro lymphocyte stimulation experiments were performed using cryopreserved 

samples. In order to assess the contribution of the HBsAg (‘S’) component in the T-cell 

proliferation experiments the HBsAg (P25) protein from Hepagene™ was obtained from 

Medeva, UK. The HBsAg (P25) component was titrated to obtain the optimal 

concentration for proliferation at 7-days. This antigen was included in all subsequent 

proliferation assays with Hepagene™ antigens and control antigens. In this series of 

experiments the optimal concentration for the HBsAg (P25) component was determined 

to be 3pg/ml (figure 5.2) in 3 different Hepagene™ vaccinated individuals. All samples 

from Hepagene™ vaccinated individuals proliferated to PHA with a SI > 10 after 3 days, 

verifying the cells were viable (table 4.1). The tetanus toxoid control demonstrated 

significant (SI> 2) proliferation in 32 individuals. However, 8  subjects elicited tetanus 

toxoid responses (SI< 2) probably caused by lack of antigen boosting (table 4.1) in those 

individuals.
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Figure 5.2. Titration of the HBsAg component of Hepagene™. Concentration was optimised 

using Hepagene^"^ vaccinees shown here as a, b and c. The concentration of 3pg/ml was 

selected for further HBsAg T-cell stimulation experiments. Vaccinees a, b and c all produced 

anti-HBs titres >100 IU/1 following Hepagene™ vaccination.
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5.2.1. The affect of demographic characteristics on the anti-HBs responses 

following a 2 dose course of Hepagene™.

The males and females within the study population were well matched for age and body 

mass index (BMI) (table 5.1). This is reflected in the response to 2 doses of Hepagene™ 

were 10 males (22%) and 8  females (20%) responded equally with anti-HBs titres >100 

IU/1 (table 5.2). Likewise the frequency of males and females were matched in poor and 

nonresponder groups. However, 6 8  (79%) of the Hepagene™ vaccinated individuals 

failed to demonstrate an anti-HBs response >100 IU/1 and 29 (33%) of these were below

10 IU/1 despite receiving 2 immunisations. In table 5.3a Hepagene™ vaccinees were 

grouped according to age (by decade) and sex, with the number and percentage of high 

and poor responders in each group. Males and females responded at similar frequencies 

within each age group as above. However, the overall response in males and females 

decreased with increasing age.

The relationship of the immune response to Hepagene™ with increasing age was 

addresseed further. Vaccinees were been grouped into those 19-39 years and those 40- 

67 years and assessed with respect to the number of and percentage of high and 

nonresponders in each group (table 5.3b). Differences in the GMT (3 1 + 9  IU/1 vs 17 ±

11 IU/1) and median (30 IU/1 vs 15 IU/1) anti-HBs titres following 2 doses of Hepagene™ 

in each group demonstrated a trend for lower anti-HBs responses with increasing age. 

Moreover, 10 (27%) older vaccinees failed to produce a detectable anti-HBs response 

compared to 5 (10%) younger vaccinees. Also, the mean and median age of the anti- 

HBs nonresponder (0 IU/1) individuals was greater than the mean and median age of 

individuals who produced an anti-HBs response (45 ± 14 vs 35 ± 11 and 47 vs 35 years, 

p=0.032).
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Table 5.1. Demographic details of the Hepagene™ trial subjects.

Characteristics Male Female Total

Number of subjects 45 (52%) 41 (48%) 86 (100%)

Mean (± SD) age (y) 38 (± 12) 38.2 (±12) 38.1 (±12)

Median age 36 36 36

Mean (± SD) weight 79 (± 12) 71 (± 16) 75 (± 14)
(kg)
Median weight 78 70 73

Mean (± SD) height 177 (±8) 166 (± 6) 172 (± 9)
(cm)
Median height 178 165 170

Mean BMI* 25 (±4) 26 (±5) 25 (±4)

Median 24 24 24

SD. Standard deviation, BMI=weight (kg)/height (m)'

Table 5.2. Anti-HBs responses in males and females following the Hepagene™ vaccine

course. An anti-HBs response of > 100 IU/1 is considered a responder.

Anti-HBs Titre (IU/1) Total
> 1 0 0 1 0 - 1 0 0 1 - 1 0 0

All 18 (21%) 39 (45%) 14(16%) 15 (17%) 86 (100% )

Males 10 (22%) 20 (44%) 7(16%) 8  (18%) 45 (100%)
Females 8  (20%) 19 (46%) 7(17%) 7 (17%) 41 (100%)
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Table 5.3a. Effect of age and sex upon the anti-HBs response following 2 doses of Hepagene™. Effect of age and sex on post 

immunisation anti-HBs titre in male (M) and female (F) vaccinees.

Total Anti-HBs Titre (IU/1)
Age >100 10-100 1-10 0

M F M F M F M F

<19 1 0 0 0 0 0 0 1 (100%) 1 (100%) 0 0 0 0

<29 24 5(21%) 2 (8%) 3(12% ) 13 (54%) 7 (29%) 5 (21%) 3 (12%) 1 (4%) 2 (8% ) 3 (12%) 2 (8% ) I (4%)

<39 24 6(25%) 3(12% ) 3(12% ) 11 (46%) 5(21% ) 6 (25%) 5(21%) 3(12% ) 2 (8% ) 2(8%) 0 2(8% )

<49 18 3(17%) 2(11% ) 1 (5%) 8(44%) 4 (22%) 4 (22%) 4 (22%) 1 (5%) 3 (17%) 3 (17%) 2(11% ) 1 (5%)

<59^ 17 4(23%) 3(18% ) 1 (6%) 6(35%) 3(18% ) 3 (18%) 1 (6%) 1 (6%) 0 6 (35%) 3(18% ) 3(18% )

<69 2 0 0 0 1 (50%) 0 1 (50%) 0 0 0 1 (50%) 1 (50%) 0
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Table 5.3b. Anti-HBs responses following 1 dose (Month 2) or 2 doses (Month 6 ) of 

Hepagene™, Vaccinees were grouped into those individuals <40 years and those >40 

years. Male (M) and female (F). The Hepagene"' vaccination schedule is shown in 

figure 2 .2 .

Hepagene™' vaccinees 

<40 years

Hepagene™ vaccinees 

>40 years

Number 49 37

M/F 25/24 20/17

Anti-HBs Titre

Month 2* Month 6 * Month 2* Month 6*

Mean ± SD 407 ± 1087 393 ± 1230 270 ± 800 200 ± 546

Median 32 30 14 15

GMT ± SD 29± 12 31 ±9 17+12 17+11

(95% Cl) (6-52) (13-49) (-6-40) (-4-38)

>100 IU/1 11 (22%) 1 1  (2 2 %) 8 (22%) 7 (19%)

OIU/1 4(8%) 5(10%) 8 (22%) 10 (27%)

*Month 2 anti-HBs titres following a single dose of Hepagene . 
*Month 6  anti-HBs titre following 2 doses of Hepagene" .̂
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5.2.2. The effect of demographic characteristics on the in-vitro T-cell responses 

following a 2 dose course of Hepagene™.

Analysis of the in vitro T-cell proliferative responses to Hepagene™ and HBsAg (P25) 

was performed on frozen stored samples from 40 Hepagene™ vaccinees following a 

single vaccination and 22 vaccinees after the full course of immunisation. The 

relationship of T-cell and anti-HBs responses following a Hepagene™ vaccination was 

analysed (figure 5.3). Panel A represented the relationship between B and T-cell 

responses following a single Hepagene™ vaccination. The correlation of the immune 

responses following 2 doses of Hepagene™ is shown in Panel B. There was a significant 

difference in the SI following 1 and 2 doses of Hepagene™ (SI= 4 and SI= 1 respectively, 

p= 0.01). However, the median anti-HBs responses following 1 or 2 vaccinations were 

22 and 23 IU/1 respectively (p= 0.80) (table 5.4). This demonstrated that the overall B 

and T-cell responses at these time points, following Hepagene™ vaccination, were not 

correlated and that the T-cell responses decreased with time. Panel C shows the 

relationship between the B and T-cell responses to the HBsAg (P25) component of 

Hepagene™, to which the vaccinees had previously failed to produce an antibody 

response. Contrary to reported data (Egea et al., 1991; Leroux-Roels et al., 1994) T-cell 

responses were detected to HBsAg despite the lack of the corresponding antibody 

response. There was no (<1%) correlation between the T-cell response and the 

magnitude of anti-HBs responses (r^= 0.008) (figure 5.3)

Comparison of the T-cell responses in males and females were analysed following 1 or 2 

doses of Hepagene™ and found not to be significant (p= 0.79 and 0.99 respectively). 

The vaccinees were grouped according to age, as above (<40 and >40 years). Following 

a single vaccination the T-cell responses of 15 vaccinees in the older age group (median 

SI= 1.6) was lower than the 25 vaccinees in the younger age group (median SI= 5) (p= 

0.01). However, following a further dose of Hepagene™, a smaller number (n= 22) of 

vaccinees were assayed for T-ceU proliferation to Hepagene™ and HBsAg. Hepagene™ 

or HBsAg (P25) proliferative responses from older vaccinees (n= 8 ) compared with the 

younger vaccinees (n= 14) failed to reach significance (p= 0.5 and 0.3 respectively).
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The cellular responses of individuals that expressed the HLA-DRB 1*0701; DQB 1*0202 

haplotype were compared with those that expressed other HLA haplotypes. The T-cell 

responses to Hepagene™ following 1 (p= 0.7) or 2 doses (p= 0.9) were analysed and 

demonstrated no correlation to the HLA haplotype. In addition, the T-ceU responses to 

HBsAg (P25) (p= 0.4) were also analysed and found not to be influenced by the HLA 

haplotype, however these populations are small (figure 5.3).
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Figure 5.3. T-cell proliferative responses to A. Hepagene™ following 1 vaccination, B and C 

Hepagene™ and HBsAg respectively following 2 vaccinations. The r̂  values and p values are 

shown to demonstrate lack of correlation between anti-HBs and respective T-cell responses. 

The vaccination schedule is shown in figure 5.1.
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Table 5.4. Overall anti-HBs responses after 2 (n=8 6 ) or 3 (n=23) doses of HepageneTM

Time after 
first dose 
(months)

Number of 

vaccinees

Mean ± SD

Anti-HBs (IU/1) 

Median G M T ISD

(95% Cl)

2 8 6 348 + 971 2 2 2 3 1  1 2  

(0-46)

6 8 6 3101995 23 2 4 1  1 0  

(4-44)

18 23 41 1 1 0 2 1 3

(-4-10)

2 0 23 1311214 39 2 0 1  1 2  

(-3-43)
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5.2.3. The effect of genetic and demographic characteristics upon the kinetics of 

the antibody response at month 2 and month 6.

The change in anti-HBs titres o f the Hepagene™ recipients at different time points is 

shown in table 5.4. Despite the variation in the arithmetic mean titre the overall GM T is 

similar at months 2 and 6. However, figure 5.4 indicates that some vaccinees decreased 

anti-HBs titre despite receiving 2 doses o f Hepagene™ at 0 and 2 months. Analysis o f 

the population reveals that 35 (41%) increase anti-HBs titre from m onths 2 to 6, 

whereas, 51 (59%) retain the same or decrease anti-HBs titre even with an additional 

vaccination over this time period.

From the analyses above the vaccinees were grouped into 19-39 years and 40-67 years 

(table 5.3b). Despite the small group there was a trend for lower anti-HBs responses 

following both 1 and 2 doses of Hepagene™ in older vaccinees (table 5.3b). The decline 

o f the anti-HBs response was analysed as outlined in section 2.9.5. In table 5.5 the 

decline o f anti-HBs titre was considered and found to be associated with the HLA- 

DRB 1*0701; DQB 1*0202 haplotype (p=0.043). The anti-HBs responses o f males and 

females were considered independently in table 5.5. The overall anti-HBs responses o f 

the female Hepagene™^ vaccinees were lower than the males. H ow ever, further 

investigation showed that anti-HBs decline was not associated with female^ that 

expressed the DRB 1*0701; DQB 1*0202 haplotype (p=0.075) but more associated with 

DRB 1*0701 ; DQB 1*0202 male vaccinees (p=0.023). Figure 5.5 showed the overall 

responses following 2 doses o f Hepagene™.
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Table 5.5 The anti-HBs responses of Hepagene™ vaccinees with or without the HLA- 

DRB 1*0701; DQB 1*0202 haplotype. Vaccinees with the DRB 1*0701; DQB 1*0202 

haplotype were grouped into males and females.

Month 2* Month 6*

Mean ± SD 317 ± 9 4 2 1 7 1 + 5 1 2

DRB1*0701; DQB1*0202 Median 15 26
n=40

GMT ± SD 21 ±  11 1 8 + 1 0
(95% Cl) (-1-43) (-1-37)

Mean ± SD 375 ± 1004 4 3 0 +  1269

All others Median 24 21
n=46

GMT ± SD 2 4 + 1 3 31 +  10
(95% Cl) (-1-49) (12-50)

DRB1*0701; DQB1*0202

Mean ± SD 352  +  926 252 +  747

Males Median 23 25
n=17

GMT ± SD 3 6 ±  10 2 0 + 1 0
(95% Cl) (17-55) (1-39)

Mean ± SD 284 ±  973 112 +  223

Females Median 12 30
n=23

GMT ± SD 1 4 + 1 1 17 +  9
(95% Cl) (-8-36) (-1-35)

*Month 2 anti-HBs titres following a single dose of Hepagene™. 
*Month 6 anti-HBs titre following 2 doses of Hepagene™.
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Figure 5.4. Kinetics o f  the anti-HBs response following 2 doses o f  Hepagene™ . 4 

vaccinees dem onstrate high anti-HBs responses 6 m onths post prim ary Hepagene™  

vaccination, d) DRB1*1501, DRB 1*0402; DQB 1*0602, DQB 1*0301, e) DRB 1*0301, 

DRB 1*0401 D Q B1*0201, DQB 1*0301, f) D R B1*1401, D R B1*1101; DQ B 1*0302, 

DQB 1*0301. g) DRB 1*0101, DRB 1*0701; DQB 1*0202, DQB 1*0501. A rrow s 

indicate Hepagene™  vaccination
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5.2.4. The effect of demographic characteristics upon the kinetics of in vitro T-cell 

response at months 2 and 6.

Analysis of the T-cell responses from 22 Hepagene™ vaccinees at months 2 and 6 is 

shown in figure 5.5. T-cell responses to Hepagene™ decrease significantly (mean SI 23 

± 45 vs 2 ± 2, median 4 vs 1, respectively p= 0.037) within this period. The decrease is 

not significantly associated with sex, age BMI or the HLA haplotype of the individuals. 

The decrease in T-cell responses is considered later with reference to the kinetics of the 

immune response.
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Figure 5.5. The kinetics of the T-cell response to Hepagene™. The responses were 

tested following the second vaccination. Arrows indicate Hepagene™ vaccination.
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5.2.5. Anti-HBs response to a 20pg/ml booster dose 12 months following primary 5 

or lOpg/ml Hepagene™ vaccination.

In chapter 4 the dose of Hepagene™ was related to the anti-HBs response. Here analysis 

of the anti-HBs response and Hepagene™ dose revealed that there was a significant 

difference between those individuals that received 5 and 40pg/ml following 2 doses of 

vaccine (p=0.0075). Comparison between all other doses was not significant. The 

GMTs of 45 vaccinees that received 2 Hepagene™ doses of 5 or lOpg/ml at 0 and 2 

months was 15 ± 7 (95% Cl, 1-29). Nine vaccinees (20%) remained nonresponders, 31 

(68%) produced an anti-HBs response <100 IU/1 and 5 vaccinees were high responders 

(>100 lU/1). Due to the overall poor anti-HBs responses following 2 low doses of 

Hepagene™, those vaccinees that received 5 or 10 lU/1 were offered a booster dose (20 

pg/ml).

Twenty-three of the 45 low dose Hepagene™ vaccinees accepted a booster dose 16 

months after administration of the final dose in the primary schedule (figure 5.1). The 

mean GMT for the 23 vaccinees at 6 months was 11 ± 4  lU/1 (95% Cl, -4-12) following 

the primary vaccination schedule. Analysis of the GMTs, 12 months later showed that 

the GMT for 23 vaccinees had declined significantly to 2 ± 3 (p= 0.0001) compared to 

the anti-HBs responses at 6 months (table 5.4) and the distribution of these anti-HBs 

responses are shown in table 5.6.

Anti-HBs responses produced after a single 20pg/ml booster were higher (mean, 131 ± 

214 lU/1, median 39 lU/1 and GMT, 20 ± 12 lU/1) than those exhibited at 18 months (p= 

0.0078) (table 5.4). Six vaccinees (26%) responded with a titre >1001U/1 and 8 (35%) 

remained nonresponders (table 5.6). The kinetics of the anti-HBs responses to primary 

and booster doses of Hepagene™ are considered in figure 5.6.

The booster group was not large enough for the analysis of the demographic 

characteristics. However, 17 (74%) vaccinees failed to respond to booster of whom 11 

(65%) expressed the DRB 1*0701; DQB 1*0202 haplotype. All 6 of the vaccinees with
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anti-HBs titres >100 IU/1 were females and a single individual expressed the 

DRB 1*0701; DQB 1*0202 haplotype. The observation that females were associated 

with higher anti-HBs is consistent with previous reports (Roome et a l,  1993; Leroux- 

Roels et ai, 1997). However, anti-HBs titres <100 IU/1 in this group were equally distributed 

between males and females. The median number of previous ‘S’ vaccination within this 

booster group was 6 and did not correlate with the anti-HBs titre following the booster 

vaccination.

Comparison of the anti-HBs responses following 2 or 3 Hepagene™ vaccinations (table 5.6) 

showed that; 8 vaccinees failed to produce an anti-HBs response of which 4 remained 

nonresponders and 4 produced <15 IU/1 following a complete course of Hepagene™. Two 

vaccinees produced <10 IU/1 after 2 doses of Hepagene™ and 10-100 IU/1 following an 

additional dose. The remaining 6 individuals in this group produced approximately the same 

titres after 2 doses of Hepagene™ as after the booster dose. Anti-HBs responses of >100 IU/1 

were produced in 6 vaccinees, which produced 10-100 IU/1 following 2 previous Hepagene™ 

doses. Eighteen individuals in the booster group had undetectable anti-HBs when measured 

at 18 months and 5 vaccinees still had detectable anti-HBs responses at this time point (figure

5.1). Analysis of these 5 vaccinees showed that 2 produced 4 and 28 IU/1 after 2 doses of 

Hepagene™ and following the booster produced 78 and 98 IU/1 respectively. There were 3 

individuals who produced 7, 22 and 43 IU/1, which upon administration of the booster 

vaccination produced 340, 260 and 720, respectively. Thus, in general the anti-HBs 

responses following 2 low doses of Hepagene™ reflected the magnitude of the anti-HBs 

responses following an additional dose of 20 pg/ml.
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Table 5.6. Anti-HBs titres 18 months after a two dose primary Hepagene™ course and 

2 months after a booster dose with 20|xg/ml dose.

Anti-HBs

titre

(IU/1)

6 months post 

Hepagene™ 

vaccination. 

(n=23)

18 months post 

Hepagene™ 

vaccination. 

(n=23)

2 months post 20pg/ml 

booster Hepagene™ 

vaccination 

(n=23)

0 4(17.5%) 18 (78%) 8(35%)

0-10 4(17.5%) 2(9%0 1 (4%)

10-100 15 (65%) 3(13%) 8(35%0
>100 0 0 6(26%0
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Figure 5.6. Kinetics of the Hepagene™ anti-HBs responses in following initial 

vaccination or booster doses. Arrows indicate Hepagene™ vaccination.
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5.2.6. T-cell response to a 20|xg/ml booster dose 12 months following primary 5 or 

lOpg/ml Hepagene™ vaccination.

PBMCs were obtained from 10 vaccinees who received booster doses of Hepagene™ 

and consented to participate in this study. This included 5 individuals that produced a 

detectable humoral response to the booster dose and 5 who did not. Progression of the 

Hepagene™ and HBsAg T-cell proliferative responses were analysed as above from 2 to 

20 months following initiation of the primary vaccine schedule (figure 5.7). Although 

individual Hepagene™ and HBsAg T-cell responses demonstrated a decrease between 

months 6 and 18 the overall decrease was not significant (p= 0.175, and p= 0.268 

respectively).

The T-cell responses determined following the booster dose in 8 vaccinees that displayed 

an overall increase in proliferative responses to Hepagene™ and HBsAg antigens (figure 

5.7), which was found not to be significant (p= 0.334 and p= 0.384 respectively). T-cell 

responses, to Hepagene™ and HBsAg antigens, obtained before and following the 

booster vaccination did not correlate with the anti-HBs responses (Hepagene™, p= 

0.214, r^= 0.147 and HBsAg, p= 0.263, r^= 0.034 at month 18 or Hepagene™, p= 0.129, 

r^= 0.002 and HBsAg, p= 0.645, r^= 0.009 at month 20).

Individual analyses of the vaccinees, which demonstrated a humoral response prior to 

booster vaccination, had a concomitantly highest increase in the T-cell response. 

Whereas, those that failed to demonstrate a detectable response prior to booster 

vaccination did not show . increases in the T-cell responses (figure 5.7). Two

individuals failed to produce a detectable anti-HBs response yet showed a proliferative 

response to Hepagene™ and HB sAg (P25) despite the booster vaccination.
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Figure 5.7. The progression of the Hepagene™ and HBsAg T-cell responses to primary 

or booster schedules. Arrows indicate time of primary Hepagene™ vaccination and 

booster doses.
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5.2.7. The frequency of specific T-cell response to a 20pg/ml booster dose 12 

months following primary 5 or lOpg/ml Hepagene™ vaccination.

In order to investigate the frequency of T cells in those individuals who received booster 

vaccination stored PBMCs from 3 vaccinees obtained at 3 different time points were 

analysed for proliferative responses to Hepagene™ antigens in the 7 day assay described 

previously. The proliferative T-cell responses determined for Hepagene™ vaccinees A, 

B and C demonstrated greatest proliferation at month 20, 2 months after receiving the 

20(pg/ml booster vaccination (figure 5.8a). Comparison of the T-cell proliferative 

(figure 5.8a) and anti-HBs responses (figure 5.8b) revealed that the magnitude of the 

humoral responses in these individuals did not correlate with the T-cell responses. 

Hepagene™ specific T-cell frequencies (determined by dilution of PBMCs obtained) 

from the 3 vaccinees showed that cellular and humoral responses follow similar kinetics 

after primary or booster vaccination (table 5.7). However, vaccinee C failed to produce 

an anti-HBs response throughout the study period despite receiving 3 Hepagene™ 

immunisations.
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Figure 5.8a. Dilution analysis of the T-cell responses to Hepagene™ antigens. Analysis 

of the Hepagene™ T-cell stimulation in vaccinees A, B and C at 6, 18 months post 

primary vaccination and 2 months following a 20|ig/ml booster (Month 20). Vaccinee A: 

Female, 44 yrs, lOpg/ml primary vaccine dose. Vaccinee B: Female, 60 yrs, 5pg/ml 

primary vaccine dose. Vaccinee C: Male 21 yrs, 5pg/ml primary vaccine dose.
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Table 5.7. Frequencies of Hepagene™ specific T cells determined 6, 18 and 20 months 

post primary vaccination. Analysis of the T-cell frequencies was performed on 3 

vaccinees.

Frequency of Hepagene™ specific T cells

A B C Mean Median

6 months* 1:54,203 1:33,465 1:30,581 1:39,416 1:33,465

18 months* 1:109,597 1:69,806 1:68,695 1:82,699 1:69,806

2 months post booster 
vaccination

1:10,326 1:18,619 1:21,526 1:16,824 1:18,619

*Time following primary Hepagene™ vaccination.
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5.3. Discussion.

Immunisation for protection against exposure to hepatitis B is recommended in all health 

care workers and individuals with behavioural or occupational risk factors (Department 

of Health. 1996). Studies within these groups have noted that between 5-10% of healthy 

‘S’ vaccinated individuals become poor or nonresponders (O-lOIU/1) (Craven et al., 

1986; Watanabe et a l,  1990; Hatae et a l,  1992; Hsu et a l,  1996). Because anti-HBs 

declines during months and years following immunisation, initial screening responses in 

excess of 100 IU/1 are considered protective in the UK with booster doses recommended 

within 5 years (Department of Health. 1996).

The reduced immune response to currently licensed hepatitis B vaccines has been 

associated with older vaccinees (Fagan et al, 1987; Jüg et a l,  1989; Suzuki et a l,  1994; 

Bock et a l,  1996). In this chapter, I described that increasing age also influenced the 

anti-HBs responses elicited after 2 doses of Hepagene™. Clements et al found age- 

dependant anti-HBs responses using increasing ratios of pre-S2 and ‘S’ immunisations 

where older individuals had lower anti-HBs responses compared to younger vaccinees 

regardless of the dose (Clements et al, 1994). Suzuki et al noted the immunogenicity of 

a pre-S2 and ‘S’ vaccination was higher in younger vaccinees (Suzuki et a l,  1994). The 

analysis performed in this chapter regarding evolution of the immune response to 

vaccination revealed that the anti-HBs responses declined rapidly in older individuals 

following 2 doses of Hepagene™. Indeed the T-cell responses in the younger vaccinees 

were significantly higher. Age associated decreases in the survival and function of T and 

B cells have been linked with impaired capacities to switch isotypes and preferential loss 

of high affinity antibodies during bacterial or viral disease (LeMaoult et a l,  1997). 

These features would, in part, explain lower efficiency of vaccines such as hepatitis B, 

influenza and pneumococcal in protection of the older adults compared to young.

In this chapter I have demonstrated that anti-HBs nonresponse to Hepagene™ was 

associated with the HLA-DRB 1*0701; DQB 1*0202 haplotype within this population. 

Our results show a rapid decline in anti-HBs response over 4 months was more common 

in vaccinees with the HLA-DRB 1 *0701 ; DQB 1*0202 haplotype than the rest of the
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Hepagene™ vaccinated population. Also, vaccinees who demonstrated a high response 

to Hepagene™ following a single immunisation and expressed the alleles HLA- 

DRB 1*1501; DQB 1*0602 were found to maintain high responses after 4 months. The 

HLA-DQB1 *0602 allele was previously found to be present at lower frequencies in 

nonresponder populations. Perhaps the HLA-DRB 1*1501 or DQB 1*0602 molecules 

bind a greater range of peptides derived from hepatitis B vaccines or that there is another 

gene intimately associated with this haplotype which behaves as an immune response 

gene. Although immune response genes have not been identified in the outbred human 

system further typing of vaccine responder individuals expressing these alleles would 

clarify the genotypic relationship with nonresponse and response to hepatitis B 

vaccinations.

In most long-term studies there has been reduction in the anti-HBs GMT with time after 

‘S’ vaccination. (Jilg et a l,  1988; Taylor and Stevens, 1988; Westmoreland et al., 1990). 

Here the persistence of anti-HBs titres over a total of 20 months were analysed in 23 

vaccinees that initially received lowest doses of Hepagene™ (5 and 10 pg/ml). From this 

analysis we found 78% of these individuals had undetectable levels of anti-HBs (0 IU/1) 

and the remainder had anti-HBs levels <100 IU/1 18 months following the primary 

Hepagene™ vaccination. Other HBV vaccine trials maintain that, the anti-HBs response 

to hepatitis B vaccination waned over time, and that the presence of immunological 

memory produces considerably higher anti-HBs titres after booster vaccination (Jilg et 

al,  1988). We have already seen in Chapter 4 that 76% Hepagene™ vaccinated 

individuals produced an anti-HBs response following a single vaccination. The 

population re vaccinated with Hepagene™ had not produced a rapid anti-HBs response 

despite repeated ‘S’ hepatitis B vaccinations. Here I show that following the initial 

Hepagene™ vaccination, a second dose of vaccine failed to significantly increase anti- 

HBs titres as expected (GMT 23 ± 12 to 24 ± 10); nor did it result in increased T-cell 

responses to HBsAg (P25) or Hepagene™ antigens. However, the majority of those 

individuals responding to Hepagene™ booster vaccinations 1 year later demonstrated 

‘normal’ responses indicative of immunological memory (GMT 2 ± 3 to 20 ± 12) as 

suggested by Jilg et al (Jilg et al, 1988). It can be speculated that there is evidence of a 

primary response following the initial Hepagene™ immunisation, reflecting the
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contribution of the pre-S components as suggested in the inbred mouse models (Milich 

and Chisari, 1985). However, 74% of individuals failed to produce an anti-HBs >100 

IU/1 following booster vaccinations and 35% remained nonresponders. These individuals 

did not differ in respect to age nor sex but 65% expressed the HLA-DRB 1*0701; 

DQB 1 *0202 haplotype further illustrating an association with this haplotype.

A correlation between the anti-HBs response and in vitro T-cell proliferative responses 

to hepatitis B surface antigens has been difficult to detect (Jilg et a l,  1988; Degrassi et 

al,  1992; Leroux-Roels et al, 1994; Vingerhoets et a l,  1994). Here an antigen specific 

T-cell proliferation assay was employed to investigate the relationship between cellular 

immune responses, HLA and the influence of demographic factors. The T-cell responses 

to HBsAg (P25) and Hepagene™ antigens were found not to correlate with the humoral 

response at all time points investigated following initial immunisation. Previous studies 

have demonstrated correlation between cellular and humoral responses, however, these 

have been performed with ‘S’ containing hepatitis B vaccinees (Egea et a l,  1991; 

Leroux-Roels et al, 1994). The novel vaccine used in these studies contained a hybrid 

protein made up of the pre-S 1 region inserted into the HBsAg (P25) region and 

proliferative responses to the HBsAg (P25) component of Hepagene™ were detected. 

Thus the T-cell responses observed in this study may be specific for junctional or 

combined epitopes, which are an artefact of this vaccine. Fine T-cell specificity studies 

would be necessary to clarify this hypothesis.

The estimation of Hepagene™ T-cell frequencies of between 1:10,000 and 109,000 are in 

the same range as those previously described for HBsAg and pre-S 1 specific T cells 

(Ferrari et a l,  1989; Leroux-Roels et a l,  1994). Paradoxically, Hepagene™ T-cell 

frequencies of 1:30,000, 1:68,695 and 1:16,824 were obtained, at 6, 18 and 20 month 

time points following primary and booster vaccinations respectively, in an individual who 

faded to produce detectable anti-HBs response. This Illustrates strong T-cell 

immunogenicity of the pre-S regions or the existence of HBsAg T-cell memory without 

the corresponding B cell memory. These results agree with studies that identified a 

relationship with the kinetics of the immune response rather than the magnitude of the 

humoral response (Leroux-Roels et al, 1994). This study population consisted of
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individuals who have been exposed to ‘S’ containing vaccinations over a long period of 

time. Repeated exposure to HBsAg (P25) coupled with the lack of correlation with 

secondary antibody responses supports the observations that increases in T-cell 

frequencies during a secondary exposure to antigen does not play a major role in the 

secondary antibody response (Bachmann et al., 1994; Leclerc et a l,  1995). Analysis of 

the T cells, which are produced in response to Hepagene™ vaccination, may provide 

evidence for a population of cells that are unable to assist in the production of anti-HBs. 

Characterisation of the cytokine profiles of Hepagene^^ reactive T cells may indicate if 

the HLA alleles are involved in the selection of Thl or Th2 type responses, the latter 

being associated with the humoral response.

These analyses demonstrated that the expression of certain HLA alleles and demographic 

factors are associated with the immune response to Hepagene™. The HLA- 

DRB 1*0701; DQB 1*0202 haplotype was found to be associated with decline of anti- 

HBs and was frequent in those individuals who remained nonresponders following 

booster vaccination. The Hepagene™ stimulated T-cell responses showed no correlation 

with the humoral responses. Frequency analysis demonstrated that the cellular immune 

responses were associated with the kinetics of exposure to Hepagene™ rather than 

magnitude of the anti-HBs response. Further analysis of the Hepagene™ stimulated T 

cells would provide information to the independence of the cellular responses. It remains 

clear that despite the inclusion of the pre-S proteins 68 individuals failed to produce 

>100 IU/1 of anti-HBs following the recommended course of vaccination.
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CHAPTER 6

Characterisation of the specificity and cytokine profiles of Hepagene^^ 
specific cell lines.

6.1. Introduction.

In this study the influence of HLA upon the immune response to a pre-S/S vaccine 

(Hepagene™) has been addressed in 86 nonresponder individuals who received repeated 

‘S’ vaccinations yet failed to produce an anti-HBs response. Immunisation with pre-S 

regions of HBV has been found to induce an anti-HBs response in nonresponder inbred 

mouse strains (Milich et al, 1986). The pre-S regions aided the recruitment of T cells, 

which help the production of anti-HBs by specific B cells (Milich et al., 1986). Both the 

pre-S 1 and pre-S2 regions contain sites for the binding of HBV to hepatocytes and 

immunisation with these proteins have been shown to protect animal models from 

infection with HBV (Itoh et al., 1986; Neurath et al., 1986; Emini et al., 1989; Pride et 

al., 1998). However, the role of the cellular response to the pre-S regions in humans 

remains unclear. There have been a number of HLA class I and class II epitopes 

described within the pre-S and S regions derived from both HBV infected and vaccinated 

individuals (Steward et al., 1988; Barnaba et al., 1989; Cehs and Karr, 1989; Ferrari et 

al., 1992; Cupps et al., 1993; Mishra et al., 1993; Honorati et al., 1997).

Despite the inclusion of these regions in the Hepagene™ vaccine, chapter 5 described that 

some persistently nonresponder individuals remained low or nonresponders following a 

full course of immunisation and booster doses. Nonresponsiveness in these individuals 

has been linked in previous chapters with the HLA-DRB 1*0701; DQB 1*0202 haplotype 

and effect of increasing age of the vaccinees. Unlike previous studies which demonstrate 

that lack of anti-HBs response is contingent upon the absence of T-cell proliferation in
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this study, a T-cell response was readily identified in individuals vaccinated with 

Hepagene™ yet remained unable to produce anti-HBs (Egea et al., 1991; Leroux-Roels 

et al., 1994; Salazar et al., 1995).

In this chapter the T-cell responses to Hepagene™ vaccination were further investigated 

by the generation of T-cell lines to Hepagene™ antigens. The specificity of the T-cell 

lines was delineated with the constituent components of the vaccine, which include some 

of the epitopes above. The identification of these immunogenic regions using cell lines 

derived from HLA matched high, low and nonresponders facilitated the characterisation 

of the T-cell response and differential recognition of these regions may coincide with the 

anti-HBs status of the Hepagene™ vaccinee.

Previous work has addressed the cytokine profiles following both hepatitis B and tetanus 

toxoid vaccinations (Fernandez et al., 1994; Vingerhoets et al., 1994; Chedid et al., 

1997). The techniques used previously for the detection of cytokines from hepatitis B 

vaccinees relied upon the export of the proteins from the cell. Taking advantage of the 

high frequency of Hepagene™ specific T cells in these cell lines, the intracellular cytokine 

technique was used for the detection of cytokine secreting T cells at a single cell level.
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6.2. Results.

6.2.1. Generation of Hepagene™ specific T-cell lines.

A high number of PBMCs were required for the generation of cell lines from Hepagene™ 

vaccinated individuals. Thus the criteria for selection of individuals was; they had 

received at least 2 doses of Hepagene™, were accessible for obtaining further PBMCs 

and included high, low and nonresponders to Hepagene™ vaccination. PBMCs were 

obtained from the 5 volunteer Hepagene™ vaccinees >20 months post initial vaccination 

and were tested for their ability to proliferate to vaccine-derived antigens in vitro (table

6.1). Vaccine recipients 1, 2 and 5 exhibited Hepagene™ proliferative responses (SI> 2), 

whereas, HBsAg proliferative responses were only detected in recipient 3 (figure 6.1). 

Cell lines were derived from the PBMCs donated by recipients 1,2 and 5 following 

cyclical stimulation with Hepagene™ and IL-2.

The T-cell lines were stimulated with Hepagene™ in 14-day cycles at which time the 

specificity and phenotype were determined. The specificity of the T cells were 

determined by incubation with Hepagene™ or HBsAg (P25) antigens in a 3 day 

proliferation assay. T-cell populations are unable to present antigen alone, therefore, 

irradiated autologous feeder cells were added to each well with or without antigen. The 

wells without antigen were controls for potentially autoreactive T cells. In addition IL-2 

was used as a positive control for proliferation of the cell line. T-cell phenotyping was 

carried out by flow cytometry using fiuorochrome labelled CD4, CDS and CD3 

monoclonal antibodies. The results presented in table 6.2 demonstrate that maximal 

stimulation of the cell lines from vaccinees 1, 2 and 5 were found following 3 cycles of 

Hepagene™ stimulation. Figure 6.2 demonstrates a typical population of T cells gated 

for the phenotype analysis. Phenotype analysis of the ceUs generated during cyclical 

stimulation demonstrated that the cell lines are predominantly (>80%) CD3VCD4^ T 

cells (figure 6.2).

Although the cell line derived from vaccinee 1 proliferated vigorously at day 28 the 

reactivity of the cell line decreased following further Hepagene™ stimulation and
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ultimately senesced. However, cell lines from vaccinees 2 and 5 continued to 

demonstrate specificity up to day 42 (table 6.2).

Peptides used for the stimulation of T cells are shown in 6.2. These peptides were 

obtained from Medeva, UK and represented the regions present in the Hepagene™ 

vaccine. The capacity of the T-cell lines from vaccinees 2 and 5 to proliferate to a 

peptide from the pre-S 1 region of Hepagene™ was tested (figure 6.3). A range (0.1- 

lOOjig/ml) of peptide concentrations were used of which 1 and 10)j.g/ml produced 

maximal proliferation. Included in these experiments was a peptide derived from the S 

region (191-202) that represented a mouse T-cell epitope (Medeva, UK, personal 

communication) (table 6.3). The T-cell lines derived from vaccinee 2 displayed vigorous 

proliferation to the pre-S 1 (21-47) peptide whereas the line from vaccinee 5 showed a 

minimal proliferative response (figure 6.3). Neither T-cell line demonstrated a high 

response to the mouse S epitope.
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Table 6.1. Demographics of Hepagene™ vaccinees participating in the cell line analysis. 

PBMCs were obtained >20 months post primary Hepagene™ vaccination to determine in 

vitro reactivity to Hepagene™ antigens.

Hepagene™ recipients.

1 2 3 4** 5

Sex M M M F F

Age 41 56 57 23 33

HLA-A 1,- 2,30 ^ 3 0 2,3 2,23

HLA-B 8 ,62 13, 14 35,41 7, 27 44,-

HLA-DRBl* 0301,0401 0701, - 0701,- 0401,0701 0701, -

HLA-DQBl* 0201,0302 0202, - 0202, 03032 0202 0302 0202,-

Anti-HBs 
Month 2 (IU/1)

840 0 11 0 31

Anti-HBs 
Month 6 (IU/1)

3100 0 0 0 280

Hepagene^^ dose 
(pg/ml)

10 5 40 10 5

**Received booster vaccination at month 18 and remained a nonresponder (0 IU/1).
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Figure 6.1 The proliferative responses of peripheral blood lymphocytes to Hepagene™ 

and HBsAg in Hepagene™ vaccine recipients. PH A responses of the cell lines were 

consistently SI >10 in all cases.
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Figure 6.2. Phenotype analysis o f the Hepagene™ specific cell lines. Each cell line was 

phenotyped for CD4 and CD3 markers. This scatter plot, on the right, dem onstrates that 

the cell line investigated here is 85% CD3TCD4^ following 3 cycles o f Hepagene™ 

stimulation.
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Table 6.2. Antigen specificity of Hepagene™ cell lines. The cell lines were tested for 

Hepagene™ specificity in 14 day cycles. Cells were incubated with autologous feeders 

alone (APC) (negative control), IL-2 (positive control) or Hepagene™ antigen to 

determine specificity.

Number 

of days

Stimulation Indices of Hepagene™ vaccinees

Vaccinee 1

Hepagene '̂  ̂ AP IL-2 

C

Vaccinee 2 Vaccinee 5

Hepagene^  ̂ APC IL-2 Hepagene"^ APC IL-2TM

14 3.5 1 189 2.1 1.3 156 3.9 1 203

28 415 1 166 195 2.3 400 27 1 313

42 1.3 1.3 38 189 25 358 7.2 1.3 258

66 - - - 8.3 6.2 123 3.1 2.5 107
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Figure 6.3. Preliminary pre-Sl (21-47) peptide assay. Cell lines from vaccinees 2 and 5 

were tested for specificity following 4 cycles of Hepagene™ stimulation. The S (191-202) 

peptide represents a mouse epitope and was included here as an internal control (M edeva 

UK, personal communication).
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S Translation (adw)

M E N I T S G F L G P L L Y L Q A G F F L L T R I L T I P Q
S L D S W W T S L N F L G G T T Y C L G Q N S Q S S T S N H
S P T S C P P T C P G Y R W M C L R R F I I F L F I L L L C
L I F L L V L L D Y Q G M L P Y C P L I P G S S T T S T G P
C R T C M T T A Q G T S M Y P S C C C T K P S D G N C T C I
P I P S S W A F G K F L W E W A S A R F S W L S L L Y P F Y
Q W F V G L S P T Y W L S Y I W M M W Y W G P S L Y S I L S
P F L p L L P I F C L W Y Y I

Pre S2/S Translation (ayw).

M Q W N S T T F H Q T L Q D P R V R G L Y F P A G G S S S G
T V N p V L T T A s P L S S I F S R I G D P A L N M E N I T
S G F L G P L L Y L Q A G F F L L T R I L T I P Q S L D S W
W T S L N F L G G T T Y C L G Q N S Q S S T S N H S P T S C
P P T C P G Y R W M C L R R F I I F L F I L L L C L I F L L
V L L D Y Q G M L P Y C P L I P G S S T T S T G P C R T C M
T T A Q G T S M Y P S C C C T K P S D G N C T C I P I P S S
W A F G K F L W E W A S A R F S W L S L L Y P F Y Q W F Y G
E S P T Y W L S Y I W M M W Y W G P S L Y S I L S P F L P L
L P I  F C L W V Y I

Pre Sl/S translation (adw)

M E N N
P L G F F P D H Q L D P A F F R A N T A N P D WF  N P S L D
S W W T S L N F  L G G T T V C L G Q N S Q S S T S N H S P T  
S C P P T C P G Y R W M C L R R F I  I F L F I  L L L  C L I  F 
L L V L L D Y Q G M L P V C P L I  P G S S T T S T G P C R T  
C M T T A Q G T S M Y P S C C C T K P S D G N C T C I  P I P  
S S W A F G K F  L W E W A S  A R E  S W L S L L V P F  V Q WF  
V G L S P T V W L S V I  W M M W Y W G P S L Y S I L S P F L  
P L L P I  F C L W V Y I

Table 6.3. The peptides used for characterisation of the cell lines. The relative locations 

of the peptides S peptide (191-202), pre-S2 (132-146) and pre-Sl (21-47) within 

Hepagene™ are shown in bold. The amino acid locations designated here, represent in 

brackets, are the positions within the hepatitis B envelope antigen open reading frame of 

400 amino acids.
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6.2.2. Proliferative responses to pre-S and S components of Hepagene™ following 

vaccination.

Having established the culture conditions for the generation of Hepagene™ specific cell 

line in section 6.2.1, PBMCs from vaccinees 1 (high anti-HBs responder) and 2 

(nonresponder) were again donated and cell lines were established as above (table 6.1). 

Reactivity of lymphocyte cell lines from each individual were assessed for proliferative 

responses to Hepagene™ antigen, HBsAg or pre-Sl (21-47) and pre-S2 (132-146) 

peptides (table 6.2) over 42 days in order to delineate the T-cell responses identified 

previously. The proliferative responses to the individual components of Hepagene™ are 

summarised in figure 6.4.

The T-cell lines derived from the 2 Hepagene™ vaccinees responded to peptides from 

Hepagene™ and HBsAg. Maximal proliferative responses to Hepagene™ were at day 14 

and 28 for vaccinees 1 and 2 respectively. The cell line derived from vaccinee 1 

responded vigorously to pre-Sl (132-146) peptide following 3 cycles of stimulation (28 

days). Moreover, the proliferation of this cell line to the pre-S2 (21-47) peptide was not 

of the magnitude seen with the pre-Sl (132-146) peptide and remained consistent. The 

proliferative responses of the cell line derived from the nonresponder vaccinee 2 

responded in a dose dependant manner to the pre-Sl (132-146) and pre-S2 (21-47) 

peptides with maximal response following 2 and 3 cycles of Hepagene™ stimulation 

respectively. The magnitude of the T-cell responses to the individual components was 

consistently greater than those to the whole vaccine antigen suggesting that the specific 

peptides were at lower concentrations than found in Hepagene™.
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Figure 6.4. The delineation o f Hepagene™ T-cell line specificity. The T-cell lines were 

maintained by cyclical stimulation with whole Hepagene™ antigen. Following each 14 

days o f stimulation the cell lines were tested for specificity to the individual com ponents o f 

the Hepagene™.
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6.2.3. Analysis of the cytokine profiles from Hepagene™ specific cell lines.

As mentioned above the cell lines analysed were derived from a Hepagene™ vaccinee 

that demonstrated a high anti-HBs response (vaccinee 1) and another that failed to 

produce an anti-HBs response (vaccinee 2). In order to compare the specific cytokine 

production the PBMCs from each individual were cultured concurrently with Hepagene™ 

and with the T-cell mitogen, PHA. An initial screening after stimulation for 7 days with 

Hepagene™ or PHA was followed by analysis at 14 and 28 days (1 and 2 cycles 

respectively). In order to amplify the cytokine concentration and retain it, the T ceUs 

were stimulated with a combination of ionomycin, monensin and phorbol 12-myristate- 

13 acetate (PMA). The T-cells were incubated for a period of 4 hours, which was 

determined from time course experiments to be optimal for the detection of IL-2, IL-4 

and IFNy. The cells were then fixed and permeabilised with formaldehyde and saponin 

prior to staining. The cytokine production was detected by fluorochrome staining for the 

intracellular production of IL-2, IL-4 and IFNy in the PHA and Hepagene™ stimulated 

cell lines (figures 6.5a to 6.51). The controls for specific staining were isotype-matched 

antibodies and a positive result was considered to be the upper limit of the negative 

controls (figures 6.5a to 6.5f). The cytometric analysis was performed by gating the T 

cells as shown in figure 6.2.

The Hepagene™ specific cell line derived from vaccinee 1 exhibited a low frequency of 

cells that produced IL-2 at days 7 (2.29%) and 14 (2.41%) which was found to increase 

following 2 cycles of stimulation (24.58%) over twice the frequency of the 

corresponding PHA ceU line (figure 6.5a). The profiles obtained for the IL-4 production 

were similar for both the non-specific PHA line and the Hepagene™ line with a peak of 

production observed following 2 cycles of stimulation (figure 6.5b). The number of ceUs 

producing IFNy with Hepagene™ and PHA was the same after 7 days stimulation (figure 

6.5c). However, a greater number of cells produced IFNy when stimulated by 

Hepagene™ rather than non-specifically for 14 (36.06%) and 28 (34.26%) days.

The Hepagene™ specific cell line from vaccinee 2 (Hepagene™ nonresponder) 

demonstrated a high number of IL-4 producing T cells (68.8%) following 14 days when
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compared to the non-specific cell line and control antibody. After an additional 

Hepagene™ stimulation the number of IL-4 producing ceUs decreased (14.89%) which 

was coincident with an increased incidence (40.8%) of IFNy producing T cells (figure 

6.5e and 6.5f). However, unlike the frequency of cells producing cytokine seen in the 

Hepagene™ specific cell line from vaccinee 1, the frequency of IL-2 secreting cells did 

not increase following 3 cycles of Hepagene™ stimulation, nevertheless the PHA cell line 

demonstrated high frequency of IL-2 producing ceUs (figure 6.5d).
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line derived from vaccinee I. The cells were stimulated over 28 days with Hepagene™ 

antigens or PHA. The negative control is an isotype matched antibody.
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6.3. Discussion.

This investigation characterised the T-cell specificity of PBMCs from Hepagene™ 

vaccinees approximately 2 years after their final immunisation. In these analyses I 

employed peptides from the pre-Sl (21-47), pre-S2 (132-146) and S (191-202) obtained 

from Medeva pic, to delineate the reactivity of the cell lines derived from Hepagene™ 

vaccinees. Initially, Hepagene™ proliferative analyses carried out with the co

operation of 5 Hepagene™ vaccinees, 3 males and 2 females. Among these vaccinees 

there were marked variations in the T-cell responses to vaccine antigens. The number of 

Hepagene™ specific T-cells in the periphery was estimated in Chapter 5 to be 

approximately 1 in 70,000, 1-year post immunisation. In order to analyse the cellular 

responses of the vaccinees to the component regions of Hepagene™, T cells from 3 

vaccinees were enriched by cyclical stimulation with Hepagene™ antigen and IL-2. 

Hepagene™ specific ceU lines were first generated from vaccinees 2 and 5 (HLA- 

DRB 1*0701; DQB 1*0202 homozygous) and vaccinee 1 (HLA-DRB 1*0301, 

BRB 1*0401; DQB 1*0201, DQB 1*0302) (table 6.1). These cell lines proliferated 

vigorously to Hepagene™ antigen and one (vaccinee 2) demonstrated specificity for the 

pre-Sl (21-47) peptide.

Further cell line analysis, mapped the development of the peptide responses over several 

cycles of stimulation and demonstrated the presence of T cells specific for the pre-S 1 

region. The region of the pre-S 1 sequence 21-47 has previously been shown to contain a 

hepatocyte-binding site identified by the ability of pre-Sl antibody to block the 

attachment of HBV to a human hepatoma cell line (HepG2) (Neurath et al., 1987). 

Immunisation with synthetic peptides derived from this region was demonstrated to 

protect chimpanzees from viral challenge (Neurath et al, 1986). In the experiment 

performed here the Hepagene™ vaccinees were shown to have T ceUs specific for the 

pre-S2 peptide 132-146. Proliferative responses to pre-S2 (120-174) peptide have been 

described in recipients following immunisation with plasma derived and pre-S2/S 

vaccines, also immunisation of chimpanzees with this region have shown to be protective 

in HBV challenge experiments. (Itoh et al, 1986; Steward et a l, 1988; Emini et al, 

1989; Cupps et al, 1993). From these reports it was shown that the immunodominant
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T-cell epitopes were defined as 146-174, located in the variable region of preS-2 and 

also sub-dominant epitopes were identified from the conserved region 120-153, both 

these regions are represented in Hepagene™. Despite the lack of antibody production, 

vaccinee 2 produced a T-cell response when stimulated with HBsAg. Comparison of the 

relative stimulation indices over several cycles of stimulation showed increased 

proliferation for the HBsAg component of Hepagene™ in both vaccinees 1 and 2. The 

origin of these ‘memory’ T-cell response may have been from the previous ‘S’ 

vaccinations that the vaccinees received prior to Hepagene™. However, as speculated in 

Chapter 5 the T-cell response may be due to cross reactivity with the hybrid pre-S/S 

protein found in the Hepagene™ preparation. Fine T-cell mapping would be required to 

determine the specificity of the HBsAg (P25) reactive T cells. Several human epitopes 

have been described in this region (Barnaba et al., 1989; Cells and Karr, 1989; Deulofeut 

et al., 1993; Honorati et al, 1997) including HBsAg CD4^ clones, which have been 

shown to stimulate anti-HBs production in vitro (Cells et al., 1984).

Evidence from the mouse model demonstrated that different regions of HBsAg are 

recognised by different MHC haplotypes (Milich, 1991). This has been found to be also 

true in the human recognition of HBsAg (Deulofeut et al, 1993; Desombere et al, 1995; 

Honorati et al., 1997). The same epitope, 182-191 from HBsAg has been described in 

the context of HLA-DP4 specific CD4^ T cells derived from a vaccinated individual and 

liver infiltrating CD4^ T cells from a HLA-DR2 chronic hepatitis B carrier. Whereas the 

CD4^ T cells from the vaccine recipient were considered Th2 cells analysis of the hver 

infiltrating CD4^ T cells specific for the same epitope exhibited a Thl phenotype and 

cytotoxic activity (Celis and Karr, 1989; Barnaba et al., 1994).

The determination of the nature of T-cell response depends upon the concentration of 

antigen, stability and affinity of the peptide, MHC and TCR interaction (Barber and 

Parham, 1994; Milich et al., 1995). Therefore to investigate the nature of the immune 

responses elicited by Hepagene™ the cytokine profiles of the cell line were investigated. 

The detection of the cytokine profiles in nonresponders to hepatitis B vaccination has 

been problematical. The IL-2 production by PBMCs from hepatitis vaccine recipients 

has been investigated using standard ELISA and bioassay techniques with differing

195



Chapter 6

results (Sylvan and Hellstrom, 1989; Vingerhoets et al, 1994). A lack of early IL-2 

production seen here agrees with recent reports by Chedid et al and with the bio assay 

technique mentioned above (Vingerhoets et al, 1994; Chedid et al, 1997; Honorati et 

al, 1997). However, employing the in-house intracellular cytokine technique it was 

found that following Hepagene™ stimulations there was a decrease in frequency of IL-4 

producting cells and an increase in IFNy producing cells in the line derived from vaccinee 

2 (anti-HBs nonresponder) indicative of a Thl response. Determination of the functional 

capacity of these cells to either aid anti-HBs production or as above possess cytotoxic 

properties would further determine the mechanisms underlying nonresponse (Barnaba et 

a l, 1990; Barnaba et al, 1994). The IL-2 production by a small percentage of cells was 

detected and found to increase with further Hepagene™ stimulation in the cell line 

derived from vaccinee 1 (high anti-HBs responder). Further analysis of additional 

cytokines specifically involved in antibody production such as IL-5 and IL-6 would 

enable clarification of the Th capacity of these cell lines.

In this analysis the specific T-cell responses associated previously here with Hepagene™ 

vaccination have been studied in more detail by the generation of specific ceU lines from 

Hepagene™ vaccine recipients. By repeated T-cell stimulation with Hepagene™ antigen 

the proliferative responses to peptides representing the pre-S components of the vaccine 

were demonstrated. The specific ceU lines were derived from responder and 

nonresponder individuals approximately 2 years following Hepagene™ immunisation. 

Further analysis of the fine specificity of the peptide response and the cytokine profiles 

will enable the clarification of factors involved in hepatitis B vaccine nonresponse.
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CHAPTER 7

General Discussion

The lack of response to hepatitis B vaccination remains a problem for some individuals 

directly at risk of hepatitis B infection, particularly those who work in the health care 

industry. The factors associated with nonresponsiveness to hepatitis B vaccination have 

been investigated in this group of 86 nonresponder health care workers who had 

received multiple 'S' vaccinations without sustained production of anti-HBs. This group 

received a recently developed hepatitis B vaccine, Hepagene™, which included proteins 

derived from the envelope region of HBV not present in currently licensed vaccines 

(Zuckerman et a l, 1997). The pre-Sl and pre-S2 proteins were included in Hepagene™ 

in order to circumvent anti-HBs nonresponsiveness, which had previously been 

demonstrated in the inbred mouse model (Milich and Chisari, 1985). However, despite 

the inclusion of these additional proteins in Hepagene™ a proportion of these vaccinees 

remained nonresponders. The investigation presented here addressed the distribution of 

HLA, age, sex, height and weight in addition to the T-cell responses to Hepagene™ 

derived antigens.

The original work that initially described the genetic link with hepatitis B vaccine 

nonresponsiveness was carried out in relatively small population (Walker et a l, 1981; 

Craven et a l, 1986). These studies identified an increase among Caucasoid 

nonresponders of the extended HLA-B8, SCOl, DR3 and HLA-B44, FC31, DR7 

haplotypes and an overrepresentation of HLA-DR3 homozygotes (Craven et a l, 1986). 

In this study the Hepagene™ vaccinated population was characterised for HLA-A and - 

B antigens by serology and the HLA-B*44 subtypes, -DRBl*, -DQAl* and -DQB 1 * 

were typed at the allelic level. This analysis showed that 'S' containing hepatitis B 

vaccine and Hepagene™ nonresponsiveness was only associated with the HLA- 

DRB 1*0701 allele, when found in linkage disequilibrium with HLA-DQB1 *0202
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rather than other HLA-DQ alleles. Since the original observation of hepatitis B vaccine 

nonresponder haplotypes over 17 years ago (Walker et a l, 1981), the complexity of 

HLA polymorphism has been further characterised. Thus, employment of high- 

resolution molecular techniques in this study allowed the identification of specific 

molecules that may have previously been anonymous.

Analysis of a group of hepatitis B vaccine nonresponders, from Boston, USA in 1986 

revealed a link with the HLA-DRB 1*0301; DQB 1*0201 haplotype (Craven et aL, 

1986). This observation was not corroborated in this study of hepatitis B vaccine 

nonresponders from the healthcare population within London region. Although these 

studies appear to disagree, both haplotypes identified exhibit similarity at the HLA-DQ 

loci, which warranted closer inspection. The HLA-DR3 and DRV antigens are both 

found in linkage disequilibrium with HLA-DQ2, subsequent clarification of this antigen 

found three allelic variants each associated with different HLA-DRB 1 alleles (Hall et 

a l, 1993; Yunis et a l, 1993; Olerup et a l, 1997). To further define this relationship in 

the context of the vaccine nonresponder population, a specific PCR-SSP assay was 

developed which showed that the HLA-DRB 1*0301 allele was found on the same 

haplotype as the HLA-DQB 1*0201 allele and HLA-DRB 1*0701 with HLA- 

DQB 1*0202. The HLA-DQB 1*0201 and 0202 alleles differ only at position 135 in the 

second domain of the beta chain away from the antigen binding site. This implies that 

the influence of this polymorphism may lie in the overall conformation of the HLA-DQ 

molecule, rather than direct binding of peptide. Indeed, the HLA-DQB 1*0202 allele 

may be a genetic marker for another allele, present on the same haplotype, which is 

more functionally related to hepatitis B vaccine nonresponse. Evidence from the 

association of HLA-DQ molecules with disease has found that individual DR/DQ 

combinations may govern susceptibility (She, 1996). These range from highly 

susceptible to strongly protective depending upon the ethnic group studied, suggesting a 

consistent effect of HLA-DQ heterodimers across ethnic groups (She, 1996). Detailed 

analysis of the combinations of DQ (a(3) heterodimers either in cis or trans also appears 

to be crucial in the relationship with disease (Sollid et a l, 1989; Lundin et a l, 1990; 

Vartdal et a l, 1996; Spurkland et a l, 1997). As pointed out previously the HLA-DQ 

and DP loci demonstrate polymorphism in the a  chains, in addition to the p chains. 

Thus, despite only differing at a single amino acid residue the two variants of HLA-
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DQ2 may associated with different a  chain alleles to form the heterodimers, HLA- 

DQ(a*0201, p*0202) and HLA-DQ(a*0501, P*0201), which potentially have different 

binding specificities (Kwok et a l, 1995; Vartdal et a l, 1996; van der Wal et ah, 1997). 

The analysis was extended to the molecular modelling of the HLA-DQ(a*0201, 

P*0202) and consideration of the predicted peptides from Hepagene™ which 

demonstrated the specific peptide binding motif.

Although the relationship described here favours a role for the HLA-DQ molecules in 

hepatitis B vaccine nonresponse the human 'S' specific responses so far characterised 

show a bias against HLA-DQ in favour of HLA-DR. (Deulofeut et al., 1993; 

Desombere et a l, 1995; Salazar et a l, 1995; Honorati et al., 1997). That is, with the 

exception of pre-Sl specific response restricted by HLA-DQ 1 (Ferrari et al., 1992). 

The level of HLA-DQ expression on non-activated epidermal langerhan cells has been 

found comparable to HLA-DR expression (Brooks and Moore, 1988). However, the 

HLA-DQ expression is thought to be lower on monocytes (Sontheimer et al., 1986). 

Moreover, IL-4 and GM-CSF have been shown to upregulate expression of HLA-DR 

and DP, but not HLA-DQ on human monocytes (Gerrard et a l, 1990). Also, HLA-DQ 

is upregulated by IFNy that may influence the presentation by these molecules in a Thl, 

CTL type response (Gerrard et al., 1990). In general, the absence of cloned HLA-DQ 

restricted T cells reflects the low level of expression of HLA-DQ on APCs in the 

periphery. Yet the influence exerted by HLA-DQ have been described in 

transplantation and immune suppression (Sasazuki, 1989; Fujisawa et al., 1991; 

Demesova et al., 1995; Petersdorf et al., 1996).

Sasazuki has proposed that in various immune responses dominant immune suppression 

(Is) genes operate, and these Is gene products are HLA-DQ molecules that stimulate 

suppressor-inducer cells (Sasazuki, 1989). Associations of HLA-DQ with 

mycobacterium infection, pollen allergy, and low responsiveness to streptococcal 

antigens, in addition to hepatitis B vaccine nonresponse, are speculated to be controlled

by specific CD8+ suppressor T cells (Matsushita et a l, 1987; Ottenhoff et a l, 1990; 

Watanabe et a l, 1990; Kamikawaji et a l, 1991; Hatae et a l, 1992). Investigation of 

hepatitis B nonresponsiveness in different ethnic populations demonstrated associations
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with the HLA-DR4, DR53, DQ (al*0301, p*0401) haplotype unique to the Japanese 

and HLA-DR 14, DR52 in the Chinese population (Watanabe et a l, 1988; Hatae et a i, 

1992). Among normal Japanese vaccinees there is a high nonresponse rate of >20% 

which is thought to be linked to the dominant inheritance of the hepatitis B 

nonresponder haplotype (Hatae et al., 1992). However, in the Caucasoid HLA- 

DRB 1*0301; DQB 1*0201 haplotypes nonresponse was found to be recessively 

inherited (Kruskall et at., 1992). The control of nonresponse within the Caucasoid

population was investigated in vitro in the presence or absence of CD8+ T cells within

cultures and demonstrated not to effect the proliferation of CD4+ T-cells to hepatitis B 

vaccine antigens (Egea et a l, 1991; Desombere et a l, 1995). The anti-HBs responses 

following a single Hepagene^ ̂  vaccination studied here, revealed that none of the 8 

HLA-DRB 1*0701; DQB 1*0202 homozygote vaccinees produced a protective anti-HBs 

response. Evidence from this small number suggests recessive inheritance of hepatitis 

B vaccine nonresponse. However, the identification of a dominant or recessive 

haplotype association within the population vaccinated with Hepagene™ would 

necessitate extensive family studies.

As seen previously the MHC influences immune responses by two major mechanisms: 

Firstly, by the selection of T-cells with specific TCR rearrangements during thymic 

education (Mullbacher et a i, 1981; von Boehmer et al., 1989; Ashton-Rickardt and 

Tonegawa, 1994). Secondly, via direct binding of processed peptide to HLA class I or 

class II molecules as part of the presentation to Th-cells and cytotoxic T-cells 

(Rammensee et a l,  1995; Nelson et a l, 1996). Characterisation of a full sequence of 

4Mbp covering the HLA complex is nearing completion and predictions suggest 

upwards of 70 genes that have some immunological function (Guillaudeux et al., 1998; 

Mizuki et al., 1997; Janer and Geraghty, 1998; Trowsdale and Campbell, 1992). Thus, 

the influence exerted from a gene or genes inherited on the same HLA haplotype must 

be considered in the relationship of nonresponse to hepatitis B vaccine. Functional 

analysis of different haplotypes may provide evidence for the inheritance of 

immunological traits associated with deviated immune function. It has been

demonstrated that antigen presenting cells from 'S' vaccinated nonresponders can 

process and present antigenic peptides to T cells isolated from 'S' vaccinated responders
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(Desombere et a l, 1995; Salazar et a l, 1995). The binding of a particular peptide 

derived from hepatitis B vaccine sequence to a HLA molecule may lead to a vigorous, 

partial or absent T-cell response depending upon the affinity with HLA/peptide/TCR 

interaction (Sloan-Lancaster et al., 1994). In this context the molecules present on the 

HLA-DRB 1*0701 haplotype could bind a specific peptide, which induces a state of 

anergy or specific suppression resulting in nonresponse that may not be detectable in 

vitro (Vidovic and Matzinger, 1988; Mutis et a l, 1994; Sloan-Lancaster et a l, 1994). 

In addition, the HLA haplotype also influences the TCR repertoire formation during 

thymic education (Ashton-Rickardt and Tonegawa, 1994). A hypothesis favoured by 

some as the underlying cause of hepatitis B vaccine nonresponsiveness (Alper, 1995), is 

the deletion of a particular TCR rearrangement leading to a hole in the T-cell repertoire 

perhaps due to molecular mimicry (Vidovic and Matzinger, 1988; Mutis et a l, 1994). 

Here the demonstration of a T-cell proliferative response in Hepagene™ vaccinees to all 

the components of the vaccine favour an anergic or suppression model rather than a 

hole in the T-cell repertoire. In addition, it has been shown that a single TCR can 

recognise a range of peptide ligands (Kersh and Allen, 1996).

The association established here that hepatitis B nonresponse to both 'S' and Hepagene™ 

vaccinations with HLA-DRB 1*0701; DQB 1*0202 can be viewed either in the context 

of; antigen presentation, as a marker of susceptibility found elsewhere on chromosome 

6 or a combination of genetic and environmental factors. The influence of different 

genetic factors in the immune responses has largely been clarified by studies in inbred 

animals (Benacerraf et a l, 1967; Bluestein et a l, 1971; Cohn, 1972; McDevitt et a l, 

1972; Benacerraf, 1978; Milich, 1991). However, the human immune responses are 

complex and strongly biased by environmental and demographic factors (Begg, 1994; 

Lee et a l, 1996; LeMaoult et a l, 1997; Song et a l, 1997). This is apparent in this 

study where hepatitis B vaccine nonresponse is strongly associated with the HLA- 

DRB 1*0701; DQB 1*0202 haplotype but this relationship is not absolute. This provides 

a strong indication that nonresponse to hepatitis B vaccination is the result of a 

combination of factors. Genetic and environmental factors have been investigated in 

monozygotic and dizygotic twins when exposed Plasmodium falciparum or 

pneumococcal and tetanus toxoid immunisations (Kohler et a l,  1985; Sjoberg et a l.
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1992). Although not linked to a particular HLA class II loci the antibody responses to 

malarial antigens in the monozygotic twins were concordant compared to the dizygotic 

twins, siblings or unrelated controls inhabiting the same environmental conditions 

(Sjoberg et a l,  1992). This same pattern was seen in the antibody responses to 

immunisation in monozygotic twins reared apart (Kohler et a l,  1985). In Chapter 5 of 

this study the effect of age, sex, weight and height were all investigated with reference 

to the production of specific anti-HBs and also CD4^ T-cell responses to Hepagene™ 

derived antigens. This analysis indicated that age was an important consideration in the 

generation of an immune response. Another important environmental factor not 

addressed here was cigarette smoke that has been shown to be a major consideration in 

many diseases in addition to association with autoimmunity and hepatitis B vaccine 

nonresponsiveness (Wood et a l, 1993; Levy and Shoenfeld, 1997). Unfortunately, the 

number of smokers was not recorded among the Hepagene™ vaccinated individuals and 

further analyses of this type should strongly consider the influence of smoking upon the 

immune responses.

The influences of age upon the anti-HBs responses have been well documented in many 

large hepatitis B vaccine trials (Fagan et a l, 1987; Jilg et a l, 1989; Westmoreland et 

a l, 1990; Wood et a l, 1993; Suzuki et a l, 1994). Although the age of the population 

analysed here was from 19-67, there was an apparent trend for lower and transient anti- 

HBs responses associated with those vaccinees >40 years of age. Immunological 

mechanisms that may govern the antibody repertoire selection and affinity maturation 

appear to change with advancing age (Lee et al., 1996; LeMaoult et al., 1997). It has 

also been suggested that T-cell populations from older individuals produce a greater 

amount of helper cytokines such as IL-4, 5, 6 and 10 and B cells will proliferate more 

vigorously to anti-CD40 stimulation (Song et a l, 1997). However, here the ability of 

younger vaccinees to produce a T-cell response following a single immunisation was 

more prompt than demonstrated by older vaccinees. Hepatitis B vaccine trial strategies 

have addressed age related nonresponsiveness by the administration of high dose 'S' 

vaccination and pre-S2/S vaccination, however, they have been of limited success 

(Clements et a l, 1994; Bennett et a l, 1996). Analysis of the small number of older 

(>40 years) vaccinees found that they produced higher anti-HBs responses when
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vaccinated with higher doses of Hepagene™. Affinity maturation of the B cells within 

the germinal centres is altered with increasing age and data from inbred mouse models 

suggested that activation of low affinity secretory immunoglobulin bearing B cells 

required more antigen (Lee et al., 1996, Song et a l, 1997, LeMaoult et al., 1997). 

Similarly, this mechanism would account for the observation, that in order to elicit a 

protective anti-HBs response in HLA-DRB 1*0701; DQB 1*0202 Hepagene™ vaccinees 

required >10 |ig/ml of vaccine.

Overall, the anti-HBs responses within the vaccinated population were greater with 

higher doses of Hepagene™ regardless of sex, age and the HLA alleles present. It has 

been shown that the route of administration of antigen determined the type of T-cell 

responses due to the influence of the APC and T-cell interactions (Brookes et a i, 1995). 

Intradermal hepatitis B vaccination, practiced routinely in Japan, is more commonly 

associated with hepatitis B vaccine nonresponse than intramuscular administration 

(Zuckerman et a l, 1992; Payton et a l, 1993; Struve et a l, 1995). This may partly 

explain the high rate of hepatitis B vaccine nonresponse in the Japanese population. 

The amount of adjuvanted antigen delivered intramuscularly augments the inflammatory 

process resulting in high levels of IL-1 and IL-12 production by macrophages at the site 

of injection (Pape et a l, 1998). These inflammatory mediators provoke the migration of 

local dendritic cells to the nearest lymph nodes (Steinman et a i, 1997). Within the 

lymph node the antigen would be available in particulate form (via lymph) and in the 

context of HLA class II on migrating APCs from the site of injection. The HLA class

11+ antigen presenting cells interact with specific T cells in specialised regions of the 

lymph node (Lanzavecchia, 1998). The activated T cells then migrate to B cell follicles 

thus providing vital help via CD40/CD156 and cytokines, for the production of anti-HBs 

(Goodnow, 1997). We can speculate that the amount of Hepagene™ administered to 

some individuals may not have been adequate to induce a sufficient inflammatory 

response resulting in low or no anti-HBs production. Evidence suggests that the 

efficiency of the APCs at transporting processed antigen to the secondary lymphoid 

tissue is critical in the initial immune response to hepatitis B envelope proteins 

(Scheerlinck et a i, 1991; Zinkernagel et a l, 1997). Furthermore, in the absence of
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sufficient secondary signals from the antigen presenting cell and contact with T cells in 

the correct environment may induce anergy (Matzinger, 1994; Schwartz, 1996).

Previous investigations into the T-cell responses of hepatitis B vaccine nonresponders

failed to show 'S' proliferative responses in vitro (Egea et al., 1991; Leroux-Roels et al.,

1994; Vingerhoets et a l, 1994). These results suggested the failure to respond was due

to the absence or anergy of 'S' specific T cells (Kruskall et al., 1992). It was shown here

that T-cell responses could be detected following a single Hepagene™ immunisation

regardless of the anti-HBs responses. The majority of other studies above were

performed upon individuals receiving 'S' containing vaccines. The results presented here

cannot be compared to these studies as the initial HBsAg proliferative status of the 86

Hepagene™ vaccinated individuals was not determined and PBMCs from nonresponders

were not available. Leroux-Roels et al suggested that the T-cell responses were

associated with the kinetics of the vaccine responses (Leroux-Roels et al., 1994). This

was confirmed in this study but the T-cell frequency analysis performed here suggested

that T- and B-cell frequency at time of immunisation was not synchronised. Signifying
o

that the number of T-cells in the periphery was independent of the secondary antibody 

response or that Th-cells were not supplying sufficient 'help' to B cells in the secondary 

lymphoid organs (Bachmann et a i, 1994).

Establishment of B cell memory is central to the lack of sustained anti-HBs production. 

It is generally assumed that the frequencies of specific B- and T-cells at the time of 

immunisation have considerable effects on the IgG titres (Leroux-Roels et al., 1994). 

Evidence suggests that presence of persisting immune-complexed antigen present on the 

follicular dendritic cells of the lymph node regulate antibody production (Bachmann et 

al., 1994). Thus, the failure to induce a long-lived IgG response may be due to the 

inability of the vaccine derived antigens to persist on the follicular dendritic cells. This 

supports the view that antigens are rapidly degraded in the absence of antibody which 

aid the binding of antigen to the follicular dendritic cells (Gray et al., 1997). In 

addition, proliferation of clones specific for the HBsAg has been shown to be enhanced 

in the presence of monoclonal anti-HBs (Celis et a l,  1984). Therefore, the limiting 

factor in hepatitis B vaccine response appears not to be the efficiency of the initial
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immune response but amount of vaccine antigen rem aining present on the follicular 

dendritic cells.

Nevertheless, 76% o f the previously nonresponder individuals did produce a detectable

anti-HBs response following a single dose o f Hepagene™. Milich et al proposed that T-

cells specific for the pre-S regions assisted B-cells specific for anti-HBs production

(Milich et al., 1986). Similarly, ciicumvention o f nonresponsiveness has been

dem onstrated by co-immunisation o f nonresponder H-2^ mice and w oodchucks with 'S'

and a T helper epitope (FIS) from sperm whale myoglobin (Hervas-Stubbs et al., 1994;

Hervas-Stubbs et al., 1997). However, this strategy failed to circumvent nonresponse in

genetically distinct H-2^ mice and demonstrated that linking immunogenic regions to

seemingly poorly immunogenic proteins can induce an antibody in some but not all

nonresponder MHC types. Likewise, mice primed with the HBcAg or a T-cell epitope

containing core peptide gave rise to a high antibody production against both HBcAg and

HBsAg, when boosted with total HBV. However, when boosted with a mixture o f

HBcAg and HBsAg exclusively no secondary antibody response against HBsAg could be

detected indicating an effect o f bystander help (Milich et al., 1987). During the

secondary response, another comes from an experimental autoimmune
h

encephalomyelitis (EAE) model. In this model the immune response spreads to different 

epitopes present upon the same protein (intramolecular epitope spreading) or to other 

epitopes on structural proteins (intermolecular epitope spreading) (Lehmann et al., 

1992).

Following the second dose o f Hepagene™ 59% of individuals were shown to decline or 

maintain their anti-HBs titre. This rapid decline in circulating anti-HBs was perhaps due 

to bystander or hapten effect exerted by the pre-S regions in Hepagene'^' as described 

above for HBcAg. Alternatively it has been shown that prior vaccination with the 

protein, 'S' vaccine, or the carrier, pre-S, can induce epitope specific suppression 

(Etlinger et al., 1990). In the intial immune response the Hepagene™ vaccinees may 

have dem onstrated "original antigenic sin" which is an elaboration on the observation o f 

Etlinger above (Klenerman and Zinkernagel, 1998; Frazekas de St. et al., 1966; Francis, 

1953). In this case, the exposure to a new influenza virus strain boosts the response o f
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the original immunising antigen. Application of this concept here is suggests exposure to 

HBsAg and the pre-S proteins from HBV, present in Hepagene™ led to a ‘booster’ anti- 

HBs responses as seen in 56/86 of the Hepagene™ recipients. Further insight to these 

mechanisms in the Hepagene™ vaccinees could be gained by investigation of the pre-S 1 

and pre-S2 antibody responses. The anti-pre-S responses were not determined in this 

study, due to the lack of a rehable and robust assay system, however, such an assay in 

currently under development by Medeva UK manufacturers of Hepagene™.

Anti-HBs responses are seen after administration of Hepagene™, although this may 

diminish over time. Hence the B cells specific for secretion of anti-HBs are present in 

these nonresponder vaccinees and are functional. However, an antigen or peptide 

specific defect may lie in the ability of the CD4^ T-cells to provide sufficient help in the 

maturation of the anti-HBs response. Indeed the class of immunoglobulin secreted by 

these B cells was not determined since the Biokit anti-HBs assay detects total anti-HBs. 

To investigate the specificity of the T-cell help Hepagene™ specific T-cell lines were 

generated from high and nonresponder vaccinees. The S (191-202) and pre-S 1 (21-47) 

peptides, obtained from Medeva U K, included the amino acid sequences predicted from 

the HLA-DQ (al*0201, (3*0202) model. The T-cell responses to the pre-S 1 (21-47) 

and pre-S2 (132-146) regions of Hepagene™ were found to stimulate proliferation. 

Conclusions from 2 individuals suggested that in-vitro, the T-cell proliferative capacities 

of these cell lines were equivalent regardless of the humoral responses to Hepagene™. 

However, further investigation with a greater number of Hepagene™ vaccinated 

individuals would be required to confirm this consistent proliferative response to 

components of the vaccine. As mentioned previously the in-vivo responses of these T 

cells may be altered by the cytokine environment and cellular interactions that may 

determine their functional capacity.

Reports regarding single cell cytokine analysis of tetanus toxoid vaccination used 

immunohistochemical techniques and found a Thl profile in PBMCs (Fernandez et a l, 

1994). Here the intracellular cytokine technique was employed to determine the profile 

of responses in the high and nonresponder Hepagene™ vaccines. For this purpose cell
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lines were used which represented an enriched population of Hepagene specific T cells. 

This single cell analysis of cytokine production from hepatitis B vaccine nonresponders 

was unique not only because of the novel vaccine but because previous analyses have 

been dependent upon either detection of cytokine in supernatant or a bioassay system 

(Sylvan and Hellstrom, 1989; Vingerhoets et al., 1994; Chedid et al., 1997). The 

production of IL-2 was shown to be low as previously observed in other analyses 

(Vingerhoets et al., 1994; Chedid et al., 1997). Interpretation of the cytokine results in 

the 2 vaccinees (1 responder and 1 nonresponder) above suggests that nonresponders 

produce a Thl response, since there were increasing numbers of IL-2 and IFNy secreting 

cells. It has been documented that T cells can exert suppression by the secretion of IL- 

10 (de Waal Malefyt et a l, 1991; Choux et al., 1996; Choux et al., 1997). Although IL- 

10 does not directly effect B cells this suppression may suggest an indirect role for these 

Thl-like or Trl cells in hepatitis B vaccine nonresponse. Determination of the Thl 

responses would need to include the frequency of IL-10 producing T cells to Hepagene™ 

antigens and the separate components in order to elucidate this. Investigation of anergic 

Th-cells has shown profound defects in the secretion of IL-3, -4, -5 and -6 essential in 

collaboration during the antibody response (Telander and Mueller, 1997). However, 

addition of high doses of antigen or IL-2 to the anergic T cells induced near normal 

cytokine secretion (Telander and Mueller, 1997).

The detection of cytokine production used here involved the stimulation of T-cell lines 

by a combination of a calcium ionophore and the phorbol ester, PMA. It has been shown 

that activation of T cells via non-physiological methods can lead to qualitatively different 

production of cytokines which may not be detected using more physiological stimuli such 

as anti-CD3 and anti-CD28 (Imada et a l, 1995; Schauer et a l, 1996). In the context of 

the analysis performed here using enriched populations the stimuli could be regarded as 

less vital, however, further analysis should consider more physiological methods of 

amplifying the cytokines prior to detection, for example immobilised anti-CD3 and anti- 

CD28 (Sornasse et a l, 1996).

Immunisation of H-2^ mice with HBc/eAg produced a strong proliferative response and 

IL-2 and IFNy production indicative of a Thl response. Taking the same immunogen
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H-2^ mice produced a weaker proliferative response and a Th2 response. Therefore it 

seems that a combination of the MHC restricting element with the epitope influences the 

Th phenotype (Milich et a l, 1995; Guler et a l, 1996; O'Garra, 1998). The genetic 

influence upon the T helper phenotype has also been shown to be associated with the 

predisposition to autoimmune disease in inbred mouse models (Caspi et al., 1992; Sun et 

at., 1997). Considering the above, peptide mapping with HLA-DQB 1*0202 specific 

transfectants and characterisation of their restriction would elucidate the exact 

sequences involved in recognition of truncated peptides from Hepagene™ sequences. 

These peptides could be used to generate T cells from Hepagene™ vaccinated 

individuals, which would be phenotyped for surface markers. Following cloning 

cytokine profiles would be assessed using physiological stimuli and antigens derived 

from the Hepagene™ vaccine. The helper function would then be analysed by the 

ability of T-cell clones to assist autologous B cells to produce anti-HBs in-vitro (Celis 

et a l, 1984). The specificity of the B cell response has been shown in the inbred mouse 

model to also be genetically controlled, this may represent the effect of a gene inherited 

in concert with the nonresponder HLA haplotype present on chromosome 6 

(Kakkanaiah et a l, 1997). Thus, further mapping of the nonresponder haplotypes with 

microsatalüte markers may determine the presence of genes with immunological 

function. The B cell responses to 'S' vaccination have been investigated using phage 

display libraries (Germaschewski and Murray, 1996). This technique could be 

employed to analyse the gene usage in the B cell repertoires from Hepagene™ responder 

and nonresponder individuals matched for the HLA-DR7 haplotype (Hoogenboom, 

1997).

Vaccination of H-2^ mice with non-adjuvanted 'S' particles induces CD4+ T helper and

CD8+ CTL whereas H-2^ mice remained nonresponders. The induction of CD8+ CTLs 

is inhibited by the introduction of adjuvant in the immunising preparation (Schirmbeck et 

a l, 1994; Schirmbeck et a l, 1994). Administration of hepatitis B vaccine (with

adjuvant) in humans has been shown also been shown to induce CD8+ CTL and CD4+ T 

cells with in-vitro cytotoxic capabilities (Celis et a l, 1988; Jin et a l, 1988). Priming of 

CTL under these conditions requires processing of exogenous antigens via the
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endogenous processing pathway by an unknown mechanism (Schirmbeck et a l,  1994).

The role of specific CD8+ CTLs and CD4+ T cells with cytotoxic capabilities have been 

described in the context of hepatitis B infection (Vento et al., 1987; Barnaba et at., 1989; 

Barnaba et al., 1990; Barnaba et al., 1994). Clearance of HBV infection has been shown 

to include a polyclonal CTL response, which have been implicated in HBV 

immunopathogenesis (Chisari and Ferrari, 1995). Also the anti-pre-S responses have 

been correlated with the disappearance of serological markers of replication and recovery 

from HBV infection (Klinkert et al., 1986; Budkowska et al., 1991; Cupps et al., 1993). 

Thus, the potential combination humoral and cellular immune responses induced by 

Hepagene™ vaccination may suggest a role in therapeutic intervention for chronic 

hepatitis B patients. Evidence suggests that the failure of patients with chronic hepatitis 

B infection to mount an antibody response is due to the selective killing of 'S' specific B 

cells by CTL (Barnaba et al., 1990). Therefore, if a CTL response is generated by 

Hepagene™ vaccination in certain HLA haplotypes this may lead to the selective 

elimination of anti-HBs producing B cells and appears as hepatitis B vaccine 

nonresponse.

In summary, the data presented here suggests that multiple factors influence the 

immune response to both 'S' and Hepagene™ vaccinations and these factors need not be 

mutually exclusive. The immunogenetics of antigen presenting molecules, the 

Hepagene™ dose, demographics, the cytokine environment and epitope specificity all 

influence the immune response to hepatitis B vaccination. Within this nonresponder 

population different combinations of the factors above affected the lack of anti-HBs 

production following multiple 'S' vaccinations, nonetheless, vaccination with 

Hepagene™ circumvented nonresponse in most vaccinees. However, a proportion of 

individuals remained low or nonresponders following Hepagene™ vaccination and this 

group displayed a high frequency of the HLA-DRB 1*0701; DQB 1*0202 haplotype. 

The demonstration of a T-cell response to Hepagene™ in nonresponder individuals is 

encouraging for the potential therapeutic use of this vaccine in chronic hepatitis B 

carriers. Significantly, the presence of a T-cell response to the HBsAg (P25) 

component requires further investigation given the hybrid nature of the proteins present
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in Hepagene . Clarification of specific HBsAg T-cell response would indicate that 

hepatitis B vaccine nonresponse depends upon active HLA haplotype influenced T-cell 

regulation in vivo.

Further investigation of the precise haplotype association, T helper and B cell 

functional studies (as outlined above) would continue to clarify the mechanisms 

underlying hepatitis B vaccine nonresponse. Resolution of these mechanisms would 

facilitate greater understanding of individual variability in the immune responses to 

foreign antigens. Furthermore, consideration of the factors influencing nonresponse 

would further improve the design of hepatitis B vaccines and immunisation schedules 

and is valuable in the ultimate eradication of hepatitis B infection worldwide.
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CHAPTER 8

Appendices

8.1. Preparation of solutions and reagents:

8.1.1. HLA class I serological typing.

For serological typing:

Phosphate buffered saline (PBS): Ten PBS tablets were added to 1 litre bottle of sterile 

water. Stored at +4°C.

0.6% PBS-Citrate: 6g citric acid (trisodiun salt) was added to a 1 litre bottle of PBS.

EDTA (ethyl-tetra-acetic acid) solution: Img of EDTA was added to 18 mis of PBS and 

allow to dissolve fully.

Acridine Orange/Ethidium Bromide stock solutions:. For the preparation of 50mls, 

weighed out on non-absorbent paper; 50mg ethidium bromide, 15mg of Acridine Orange 

and dissolve in 1ml of 95% ethanol. Stir for 20 minutes then make up to 50mls with 

distilled water and continue to mix for a further 10 minutes. When completely dissolved 

filter and aliquot into 2 mis which are kept at -20°C until required. This must be 

prepared in a fume hood whilst wearing gloves.

10% Bovine haemoglobin: Weigh out lOgms of bovine haemoglobin and slowly add 

lOOmls of PBS stirring continuously until dissolved. Centrifuge in universal tubes at 2000
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rpm for 30 mins. Remove supernatant into a clean container ensuring the undissolved 

pellet remains in the beaker. Store at -20°C until required.

Fluorescent stain: Add 2mls of the Acridine Orange/Ethidium Bromide stock solution to 

ISmls of EDTA solution. Mix equal volumes of the above with 10% Bovine haemoglobin 

solution to obtain working stain.

8.1.2. DNA extraction.

5M NaCl 1 litre

292.2g of NaCl was dissolved in 800ml of dH2Û and the volume adjusted to 1 htre with 

dHzO, autoclaved and stored at room temperature.

lMMgCÏ2^6H20 500ml

101.6g of IM MgCl2*6H20 was dissolved in 400ml of dH20, adjusted to 500 ml with 

dH2 Û, autoclaved and stored at room temperature.

lMTris-HClpH7.5 1 litre

121. Ig of Trizma base was dissolved in 800ml of dH20, adjusted to pH7.5 and allowed to 

cool at room temperature. The volume was adjusted to 1 litre with dH20, autoclaved and 

stored at room temperature.

1X TE buffer 100ml

IMTris-HCl pH 7.5 1ml 

0.5M EDTA 200pl

5x Red cell lysis buffer 1 litre

Sucrose 548g

Triton-X-100 50ml 5%w/v
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IM MgCb'ôHzO 25ml 

lMTris-HClpH7.5 60ml

The sucrose was dissolved in 500mls of dHoO, add both the Triton-X-100 and Tris-HCl, 

the volume was then adjusted to 1 litre.

8.1.3. HLA class II molecular typing:

Neutralisation Bujfer: 5 Litres

Trizma Base 302.75g

NaCl 438.33g

Cone. HCl 165ml

Prehybe/hybe Blocking solution: 500mls

4 X SSPE 100ml 20x stock

0.1% Lauroylsarcosine 5ml 10% stock 

1.0% Blocking reagent 5g 

dHzO 390ml

Solution was heated to 70°C, with agitation to fully dissolve blocking reagent.

(Blocking reagent ((Boehringer, Lewes, UK) , Germany), Lauroylsarcosine (Sigma, Poole,

UK).)

2xSSPE/0.1 %SDS: 500ml

2 X SSPE 50ml 20 x stock

0.1 % SDS 2.5ml 20% stock

Prehybridisation/Hybridisation and TMACl wash solution: 500ml

3M TMAC 1 300ml 5M stock

50mM_____________ 25ml________ IM Tris/HCl (pHS)____________________
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0.1 % SDS 2.5ml 20% stock

2mM EDTA 2.0ml 0.5M (pH8)

5M TMACl was prepared by molecular weight and filtered before use.

Bujfer 1: 10 litres of 1 Ox stock.

IMTris 121 Ig

1.5M NaCl 8766g

pH solution to 7.5 with Cone. HCl 

(^Dilute 1/10 before use)

Bujfer 2: 500ml

O.IM 50ml IM stock (pH7.5)

0.15M 75ml IM stock

1% Blocking Reagent 5 g

dHzO 370ml

Heat solution to 70°C, with agitation to fully dissolve blocking reagent.

Bujfer 3: 500ml

O.IM Tris 50ml IM

0.1 NaCl 50ml IM

50mM 25 ml IM

pH of buffer is 9.5.

AMPPD (Lumigen) solution: 100ml

Buffer 3 was filtered through a 0.45pm filter (Millipore, UK). 100ml of Buffer 3 was 

added to 1ml AMPPD solution (lOpl/ml). The container was wrapped in tin foil to protect 

from the light and stored at +4°C until required. The solution is active for 1 week.

(AMPPD ((Boehringer, Lewes, UK) , Germany).
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8.1.4. Electrophoresis:

Ethidium Bromide 100ml

Ig of ethidium bromide (Sigma, Poole, UK) was dissolved in 100ml of dH20 and stirred 

vigorously to ensure all the dye is dissolved. The bottle is wrapped, as above, in tin foil to 

protect from the light and stored at +4°C until required. Ethidium bromide is a powerful 

mutagen ensure gloves and mask are worn at all times during the preparation and 

use.

For visualisation of PCR products a 1.5% agarose gel (Sigma, Poole, UK) was prepared in 

0.5x TBE buffer (Biowhittaker, Wokingham, UK),. The agarose was dissolved in a 

dedicated microwave oven and allowed to cool before the addition of lOmg/ml ethidium 

bromide (5pl/100ml). The agarose gel was added to a gel tray with a suitable comb in 

place and allowed to set before use. The PCR product plus loading dye were added to the 

gel and an electric current was applied for 15-20 minutes and the products visualised by 

UV illumination with a photograph taken.
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8.1.5. Intracellular cytokine staining.

Reagents:

Permealibilisation Bujfer: 1 litre of PBS plus 1% heat inactivated foetal calf serum 

(Biowhittaker, Wokingham, UK) was prepared. lOg of saponin (Sigma, Poole, UK) was 

added to 100 mis was made up and added to 900 mis of PBS/FCS solution.

Monensin (Calbiochem, Nottingham, UK): Add 41mg to 5 mis of ethanol to make a 

12mM stock. Working 2x stock solution was prepared by adding lOgl of 12mM 

monensin into 20 mis complete medium.

PMA (Calbiochem, Nottingham, UK): Prepare 1 mg/ml stock solution in DMSO. Make 

lOpg/ml stock and 1:1000 was added to 2x stock solution above.

lonomycin (Calbiochem, Nottingham, UK): 352pl of DMSO was added to 1 mg of 

ionomycin. lOgl was added to the 2x stock solution.
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Table 8.1 Single letter amino acid codes.

Amino acid One-letter symbol
Alanine A
Arginine R
Asparagine N
Aspartic acid D
Cysteine C
Glutamine Q
Glutamic acid E
Glycine G
Histidine H
Isoleucine I
Leucine L
Lysine K
Methionine M
Phenylalanine F
Proline P
Serine S
Threonine T
Tryptophan W
Tyrosine Y
Valine V
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