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ABSTRACT

The work of this thesis is a study of the virological and immunological characteristics of 

the chronic hepatitis B virus (HBV) carrier state. In order to study HLA class I 

restricted cytotoxic T lymphocyte (CTL) responses in the peripheral blood of HBV 

infected patients, a panel of dual transfectant target cell lines, derived from the L721.221 

HLA-A, -B, -C null line, expressing a single HLA class 1 allele and the hepatitis B 

nucleocapsid antigen was created. These were used in a series of cytotoxicity assays and 

CTL responses demonstrated in one out of five HLA-A2 positive, three out of five HLA- 

B7 positive and one out two HLA-B35 positive HBV chronic carriers. In three out of 

three HLA-A2, -B7 positive individuals responses were only detected in the context of 

HLA-B7 and not HLA-A2, suggesting preferential recognition of the nucleocapsid 

antigen in the context of HLA-B7.

In a family of HLA-A68 positive chronic HBV carriers, CTL responses were detected in 

one out of three patients tested. Sequencing of the HBcl41-151 HLA-A68 restricted 

CTL epitope in the virions of the family members demonstrated the presence of an 

arginine to cysteine substitution at the amino-terminus of the peptide in four of the anti- 

HBe positive affected siblings, but not the HBeAg positive carrier.

These data suggest that CTL responses are demonstrable in the peripheral blood of 

chronic HBV carriers, and that mutation in a CTL epitope is likely to be a consequence 

of this reactivity.
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1.1 Historical perspective

Prior to the discovery of the hepatotrophic viruses, two clinical types of viral hepatitis 

were differentiated based on the proposed modes of transmission. Type A hepatitis was 

considered to be transmitted by the faeco-oral route and type B by the parenteral route. 

In 1963 a previously unknown protein was discovered in the blood of an Australian 

aborigine and in a prevalence study of this protein (Australia antigen) in 1967, it was 

notably found in 29.8% of cases of Down’s syndrome, 9% of leukaemia patients and in 

10.4% of patients with hepatitis (Blumberg et al. 1967). Subsequent studies 

demonstrated the presence of an antigen in the blood during the incubation period of 

serum hepatitis, prior to the onset of clinical symptoms (Prince, 1968). Following 

confirmation of this antigen as the Australia antigen, the link between this and type B 

hepatitis was made. Forty-two nanometer diameter particles, which were considered to 

be the hepatitis B virions, were first visualised in human serum in 1970 using immune 

electron microscopy (Dane et al. 1970). Further confirmation of the viral nature of these 

particles was obtained by detection of endogenous DNA-dependent DNA polymerase 

activity within them (Kaplan et al. 1973). The presence of a 27nm diameter particle (the 

nucleocapsid) formed after detergent treatment of the Dane particles was reported by 

1971 (Almeida et al. 1971). Also noted was the presence of an antibody to these 

particles in post-hepatitic serum. The hepatitis B e antigen was identified in 1972, and at 

the same time an association between the infectivity of the patient and the presence of 

the e antigen or antibody to the e antigen was made (Magnius and Espmark, 1972). This 

observation was confirmed using Southern blot analysis to demonstrate the presence of 

viral DNA in the liver and serum of chronic hepatitis B virus (HBV) carriers. Two 

distinct subsets of HBV carriers were identified, those who are hepatitis B e antigen 

(HBeAg) positive and have replicative infection as characterised by the presence of free 

viral DNA in the liver and serum, and those who were HBeAg negative in whom free 

HBV DNA was rarely detected and by inference therefore have a lower level of ongoing 

HBV replication (Brechot et al. 1981).
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Subsequently the HBV genome was characterised as small, circular and consisting of 

partially double-stranded DNA, the full sequence of the genome of the ayw subtype 

being obtained in 1979 (Robinson et al. 1974; Galibert et al. 1979). The sequencing of 

the hepatitis B virus, and the concomitant impact of advanced molecular biological 

techniques, has formed the basis for a rapid expansion in the understanding of the 

biology of HBV, including clinically important viral mutations and also allowed the 

application of recombinant DNA technology to clone the individual genes, which has led 

to the development of the recombinant surface antigen vaccine.
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1.2 Molecular biology of hepatitis B and related viruses

1.2.1 General comments

The discovery of hepatitis B virus and its structural features was followed by the 

discovery of similar agents in a variety of animals. The existence of the first of these, the 

woodchuck hepatitis virus, was suggested by a surprisingly high incidence of chronic 

hepatitis and hepatocellular carcinoma in a captive colony of Eastern woodchucks 

{Marmota monax) (Summers et al. 1978). HBV like agents have subsequently been 

identified in a number of species including ground squirrels, Pekin ducks and grey 

herons (Zhou, 1980a; Zhou, 1980b; Sprengel et al. 1988). These virus species form a 

family of structurally related DNA viruses, with a common genomic organisation and 

have been officially grouped together to form the virus family Hepadnaviridae. The 

most divergent is probably the duck hepatitis B virus (DHBV) which lacks the X and 

pre-S2 regions and whose encapsidated genomes contain a higher proportion of 

molecules lacking a single stranded gap than is seen amongst the other Hepadnaviridae 

(Mandait et al. 1984; Delius et al. 1983). Furthermore, transmission of DHBV is almost 

exclusively via the vertical route, as by about three weeks of age hatchlings are not 

susceptible to infection. In the other Hepadnaviridae transmission is demonstrable by 

both vertical and horizontal routes (Marion et al. 1983; Ganem and Varmus, 1987). The 

human hepatitis B virus will form the basis for the subsequent discussion of the 

molecular biology of these viruses.

1.2.2 Structure

The human HBV occurs in plasma as a spherical 42nm particle (the Dane particle). 

Under the electron microscope these Dane particles are seen to have a double-shelled 

structure. The outer shell is formed from the hepatitis B surface proteins (HBs) and this 

encloses the nucleocapsid. The nucleocapsid contains the viral genome, consisting of 

partially double-stranded circular DNA, the core protein (HBc) and the polymerase 

protein.
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1.2.3 Genomic organisation

Electron microscopy demonstrated that the HBV genome consisted of partially double

stranded circular DNA of about 3200 nucleotides in length (Galibert et al. 1979). The 

size was confirmed when the full length sequence was obtained, making HBV one of the 

smallest animal DNA viruses encountered. Subsequent studies have shown that 

complete HBV genomes vary from 3182 to 3221 bases in length (Tiollais et al. 1981). 

The minus strand, which is complementary to the viral mRNAs, is complete, having 

defined 3' and 5' ends, with an overlap of about nine bases at which point the genome is 

triple stranded (Will et al. 1987). The 5' end of the minus strand is covalently linked to 

the primase domain of the polymerase, which forms the primer for plus strand synthesis. 

The plus strand is incomplete, varying form 20% to 80% of unit length (Delius et al. 

1983). This strand has a defined 5' end, capped with a 5' oligoribonucleotide, and a 

variable 3' end. The circularity of the genome is hence maintained by 224 base pairs of 

the 5' cohesive terminus of the plus strand.

The elucidation of the nucleotide sequence of the HBV genome, demonstrated that four 

major open reading frames were present, all encoded for by the plus strand (Figure 1.1). 

These are ORF S, which encodes the surface proteins, ORF C (the HBe and HBc 

proteins), ORF P (the polymerase) and ORF X (the X protein). The genome is so 

compact because the open reading frames overlap, to the extent that ORF S is located 

entirely within ORF P, which also overlaps ORF C and ORF X. Other structural 

features of the genome include the two direct repeats, which are involved in viral DNA 

synthesis, a TATAA box and the termination signal for the viral mRNAs.

1.2.4 The surface proteins

The gene for the surface protein has three initiation codons. Translation from the first 

initiation codon produces the large surface antigen (LHBs), containing the pre-Sl, pre- 

S2 and S sequences; translation from the second initiation codon forms middle surface 

antigen (MHBs), containing pre-S2 and S sequences and translation from the third 

initiation codon produces the small surface antigen (SHBs). As well as forming
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Figure 1.1: Diagrammatic representation of the four overlapping open reading frames of 

the hepatitis B virus (Gerlich, 1993).

the envelope of the virion, the surface antigen is also secreted independently as 17-25nm 

spheres and 20nm diameter filaments of variable length. These subviral particles are 

non-infectious and may circulate in the serum at very high numbers, up to 10^ /̂ml (the 

spheres) or lO^Vml (the filaments).
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1.2.4.1 Small HBs

This is the commonest translation product from the surface gene and forms the most 

abundant surface protein in the envelope of the virion and also in the secreted subviral 

particles. The protein exists in 27kDa glycosylated and 24kDa non-glycosylated forms 

(GP27 and P24 respectively) (Peterson, 1981). SHBs is thought to fold into four a  

helices formed by the hydrophobic regions of the molecule and these form the four 

membrane spanning domains allowing the molecule to insert into the membranes of the 

endoplasmic reticulum (ER), with both the amino and carboxyl termini lying luminal 

within the ER (Eble et al. 1986). The structure of the molecule, and the conformation of 

antigenic epitopes, is maintained by the presence of disulphide bonds between the 

fourteen cysteine residues present in SHBs. Multimerization of the molecule is thought 

to occur via an interaction between membrane spanning domains III and IV and this 

interaction could potentially allow the budding of the surface antigen particles (Gerlich, 

1993).

The antigenic subtypes, as defined by antibodies, of the surface antigen are located 

within the SHBs protein. The a determinant is present on all hepatitis B subtypes, 

however mutation in this epitope away from a neutralising antibody response is well 

described (Waters et al. 1992). Amino acid position 122 determines d  (lysine) or y  

(arginine) subtype and position \60 w or r subtype (lysine or arginine respectively) 

(Peterson et al. 1984; Okamoto et al. 1988).

1.2.4.2 Middle HBs

This is composed of the S (SHBs) and pre-S2 regions and forms a relatively minor 

component of the virion and the subviral particles. It exists in single (GP33) or double 

glycosylated forms (GP36). The pre-S2 region consists of 55 amino acids which is 

relatively conserved at the carboxyl terminal part, but highly variable at amino acids 32- 

54 (Santantonio et al. 1992; Femholz et al. 1993). Structurally the pre-S2 region is 

thought to overlay the a determinant, being present on the surface of both the HBV 

virions and the subviral particles (Machida et al. 1984). It has been shown to be more
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immunogenic at the antibody level than the S domain in mice and T cell epitopes have 

also been mapped to this region in humans (Milich and Chisari FV. 1985; Bamaba et al.

1989). With respect to fimction, this region has been shown to posses binding activity 

for polymers of serum albumin, which interestingly is species specific (Krone et al.

1990). This has led to the theory that the region may be involved in the uptake of the 

virus via the binding of the albumin-HBV complexes to the albumin receptor on the 

hepatocytes. The pre-S2 glycan has also been proposed to be involved in viral uptake as 

it has been shown to bind weakly to HepG2 cells (Gerlich, 1993).

1.2.4.3 Large HBs

This is the largest of the HBs proteins incorporating pre-Sl, pre-S2 and S regions into a 

single protein, which may or may not be glycosylated (GP42 or P39), and in which the 

amino terminus is myristilated, which may form a transmembrane anchor (Persing et al.

1987). LHBs is found in abundance in the virions and filaments, but rarely in the 

spheres. This may be because the LHBs helps to retain the surface glycoprotein in the 

ER to allow interaction with the components of the virion, so that virus assembly can 

occur. Consistent with this is experimental evidence that has shown that overexpression 

of LHBs relative to SHBs prevents secretion of HBs particles and leads to an 

accumulation of filaments within the ER (Persing et al. 1986). It has also been suggested 

that during biosynthesis of LHBs the pre-Sl and pre-S2 domains remain cytoplasmic and 

are then translocated to the outer surface of the virion following budding. Antibody 

responses have been detected to the pre-Sl domain and the region has been shown to be 

variable amongst but not within chronic carriers of HBV (Peters et al. 1991; Alberti et al. 

1990; Tran et al. 1991).

It has been suggested that the pre-Sl domain, as well as the pre-S2 domain, may be 

involved in binding by the virion to the hepatocyte. Monoclonal antibodies to pre-Sl 

residues 31-34 have been shown to inhibit the binding of the virions and sub-viral 

particles to hepatocyte membranes and in vivo, chimpanzees immunised with the pre-Sl 

peptide 21-47 are immune to a challenge with HBV (Gerlich et al. 1993). This binding is
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not confined to hepatocytes, but may extend to monocytes or lymphocytes. As the pre- 

Sl peptide 21-47 has a potential to bind with interleukin 6, it has been suggested that 

cytokines and their receptors may be involved in viral penetration (Neurath et al. 1992).

1.2.5 The core proteins

Two products are produced from the single open reading frame encoding the core 

proteins. The ORF is 212 or 214 codons in length depending on the genotype of the 

virus. The essential product of this ORF, the HBc protein, is the nucleocapsid of the 

virus and is produced if translation begins at the second initiation codon (Ou et al. 1986). 

If translation begins at the first initiation codon then the secreted protein HBeAg is 

produced.

1.2.5.1 The HBc protein

This is a protein of 21kd and forms the 27nm inner core of the 42nm virions as seen by 

electron microscopy. It is composed of many hydrophilic and charged amino acids and 

at its carboxyl-terminal end has four arginine clusters which have nucleic acid binding 

activity. As such it therefore possess the ability to self associate into particles of T3 

symmetry (i.e. 180 HBc subunits per particle) and then package the viral genome 

(Hatton et al. 1992; Birnbaum and Nassal, 1990). Simultaneously with the packaging of 

the genome, the viral polymerase and a protein kinase are also packaged. 

Phosphorylation of the serine and threonine residues of the core protein has been noted, 

but its role in the biology of the virus is not yet clear.

1.2.5.2 The HBe protein

Translation of the core gene from the first start codon produces a protein of 25kd (P25) 

derived from the pre-core and core sequences, which is the precursor of the HBe 

protein. The pre-core sequence encodes 29 amino acids which form a hydrophobic a- 

helix that acts as a signal for translocation of the protein to the ER. During this process 

a signal peptidase cleaves off the first nineteen amino acids, leaving ten amino terminal
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residues that prevent formation of the protein into core particles. The carboxyl-terminus 

is also post-translationally modified by cleavage in the Golgi apparatus within the 

arginine rich domain. The sites of cleavage may be variable, and so the final size of the 

protein varies between 16 and 20kd. The final product is then exported from the cell 

into the circulation (Standring et al. 1988). The role of the HBe protein has not been 

fully clarified, although as it crosses the placenta it may be involved in the induction of 

immune tolerance to the core proteins in the neonate (Milich et al. 1990). It is however 

not critical for the life-cycle of the virus, as although pre-core proteins are found in most 

of the Hepadnaviridae, virions which are unable to synthesise HBe due to point 

mutations in the genome are still infectious in vivo and may circulate as the dominant 

population of virions in HBV chronic carriers (Enders et al. 1985; Moroy et al. 1985; 

Okamoto et al. 1990).

1.2.6 The polymerase protein

Detection of endogenous DNA dependent DNA polymerase activity of the Dane particle 

confirmed the viral nature of these particles (Kaplan et al. 1973). Subsequent work has 

suggested that the pol ORF contains four distinct domains; the amino-terminal domain, 

encoding the primase protein which acts as a primer for minus strand synthesis; a spacer 

domain; a domain encoding the RNA- or DNA-dependent polymerase (reverse 

transcriptase); and the carboxyl-terminal domain encoding a RNAse H The polymerase 

domain has been shown to have sequence homologies with other reverse transcriptases 

and is the subject of recent interest as a target for novel anti-viral therapies (Toh et al. 

1983; Schalm et al. 1995). The polymerase protein is thought to occur in 70kd and 90kd 

forms. Although, polymerase activity is retained in the 70kd form, it is the 90kd form 

that is thought to be the major product in the virions (Bartenschlager and Schaller,

1988). Due to the small size of the nucleocapsid and its covalent attachment to negative 

strand DNA, it is thought that only one polymerase molecule is packaged per virion.

1.2.7 HBx protein
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As the HBx protein is not present in the avian Hepadnaviridae, it is probably unlikely to 

participate in the critical functions such as genome replication and assembly. In vitro 

mutational studies have suggested that this is the case, however studies in the 

woodchuck have shown that woodchuck hepatitis B without a functional X ORF do not 

result in infection, suggesting it may have an important role in vivo (Blum et al. 1992; 

Chen et al. 1993). Immunohistochemical studies in HBV chronic carriers and the 

occurrence of antibodies to the protein have shown that it is expressed in vivo (Wang et 

al. 1991; Horiike et al. 1991). Its fimction remains unknown. Transfection of expression 

constructs of HBx have suggested that it acts as a non-specific transactivator of a 

number of cellular genes (Rossner, 1992). This function may play a role in 

tumorigenesis via the activation of proto-oncogenes such as c-fos and c-jun 

(Avantaggiati et al. 1993; Zhou et al. 1994).
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1.3 Viral Life cycle

1.3.1 Attachment and penetration.

The mechanism underlying the attachment of the virion to the hepatocyte has not yet 

been clarified fully. As has been discussed above the pre-Sl and pre-S2 proteins have 

been proposed as putative attachment sites via: membrane bound interleukin 6; 

polymerised albumin receptors; and pre-S2 glycan mediated uptake (Gerlich et al. 1993). 

Viral attachment to the cell may be of low affinity or more non-specific than has been 

previously proposed, which may underlie the current failures to conclusively demonstrate 

the mechanism of binding.

Penetration of a virus into a host cell may occur by fusion, in which the viral envelope 

fiises with the cell membrane thus liberating the nucleocapsid, or by receptor-mediated 

endocytosis into endosomal vesicles. Which mechanism is utilised by HBV remains 

unknown. However, following penetration, the capsid enters the host cell nucleus and 

HBV DNA is converted from the partially double-stranded form to covalently closed 

circular DNA by the viral polymerase.

1.3.2 Transcription

This involves the synthesis of an RNA copy of part or all of a genome. The transcribed 

RNA may be used for protein synthesis (translation), or for replication. HBV contains 

four promoters and two enhancers, which regulate RNA synthesis.

All the RNA species synthesised from HBV have a common terminus within the core 

gene, thus the size of the RNA synthesised, and hence the protein produced, is governed 

by the site at which RNA synthesis is initiated. These initiation sites are determined by 

the location of the promoters throughout the genome. Promoters have been identified 

upstream of the HBc/e gene, the LHBs gene, the MHBs gene and the HBx gene. Only 

the mRNA encoding the LHBs gene has a sharply defined 5' end, possibly due to the 

location of an upstream TATA box, the others have variable 5' termini, and thus encode 

mRNA species encoding for the different products of a single open reading frame i.e. 

synthesis of both HBe and HBc mRNA is directed by a single promoter upstream of the
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start codon for the HBe protein, and likewise for MHBs and SHBs. Thus RNA species 

of 3.5kb (encoding HBe of HBc and the polymerase protein), 2.4kb (LHBs), 2.1 kb 

(MHBs and SHBs) and O.Skb (HBx) are formed. The HBc/e transcript is not terminated 

at the first pass as the termination site, within this the HBc gene is only activated if the 

initiation site is more than 400 bases distant (Cherrington et al. 1992).

An interesting observation is that the tissue tropism of HBV may be affected by the 

promoters controlling RNA synthesis. It has been noted that the LHBs promoter 

requires the hepatic nuclear factor I (HNF I) for activation and the HBc/e promoter also 

binds liver specific transcription factors (Yuh and Ting, 1993; Chang et al. 1989). This 

represents an additional constraint on the tropism of HBV to that imposed by virion 

uptake.

Further regulatory elements include the enhancer elements, which increase the rate at 

which transcription is initiated. Enhancer 1 is located upstream of HBx and enhancer 11 

upstream of the HBc/e gene. Furthermore HBV has a glucocorticoid response element 

which is activated by the glucocorticoid receptor and enhances transcription two to five 

fold. This may have an in vivo relevance in patients treated with corticosteroids.

1.3.3 Replication

The mRNA encoding the core protein also serves as a template for reverse transcription. 

A tetra-nucleotide complementary to a sequence near the 5' end of the RNA is 

synthesised using the amino-terminal domain of the polymerase as the primer. Following 

translocation to a duplicate sequence near the 3' end of the mRNA, the mRNA is reverse 

transcribed to DNA. The RNA is degraded by the ribonuclease H activity of the 

polymerase and the 5' region of the RNA translocated to a repeated sequence near the 

5' end of the negative strand DNA. This acts as a primer for synthesis of the positive 

strand DNA, which terminates near the 5' end of the negative strand DNA forming a 

circle with a single-stranded gap.
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1.4 Clinical Aspects of Hepatitis B Infection

1.4.1 Epidemiology

Hepatitis B virus is estimated to chronically infect about 300-400 million people world

wide and cause up to 250,000 deaths per year (Levine et al. 1992). Infection rates as 

measured by HBsAg positivity vary considerably according to geographic region, being 

particularly high in Southeast Asia, China, The Pacific Islands and Sub-Saharan Africa 

and is generally much lower in developed countries such as in Western Europe and the 

USA (Table 1.1).

Prevalence HBsAg +ve (%) Any serological 
HBV marker (%)

Region/country

High 8-15 >60 Southeast Asia, China, Phillipines, 
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 : Geographic distribution of hepatitis B prevalence (Margolis et al. 1991).

This geographic variation in carriage rate is exemplified by comparing Kiribati, where 

31% of the population are HBsAg positive to Kenya (11.4% HBsAg positive) and 

Sweden (0.25% positive) (Tibbs, 1987; Struve et al. 1992). These rates may increase 

dramatically within sub-populations in given countries, such as the Australian 

Aboriginals in whom the HBsAg carriage rate was found to be 8.2% compared with only 

0.36% in children of European extraction within the same region (Gardner et al. 1992). 

As a generalisation carriage rates are higher in the rural areas of countries with a high 

HBsAg prevalence and in the urban areas of countries with a low background 

prevalence, which may reflect the mode of acquisition. In countries of high prevalence 

HBV may be acquired by vertical transmission, horizontal transmission between children.
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intra-familial transmission or as a result of social customs, whereas in Western countries 

apparent risk factors include intravenous drug usage, homosexuality and promiscuity. 

Consequent upon this dichotomy, in immigrant populations of high HBsAg prevalence, 

the HBsAg carriage rate reflects the country of origin rather than that of the indigenous 

population (Hurie et al. 1992).

1.4.2 Transmission

In the developing countries the predominant modes of transmission of HBV are either 

vertical during the perinatal period or, horizontal during infancy and early childhood. 

Vertical transmission from mother to child has been shown to depend on HBV 

replication levels as evidenced by either DNA measurement or HBeAg positivity (Derso 

et al. 1978; Lee et al. 1986). There is an approximate 70-90% risk of vertical 

transmission from HBeAg positive mothers compared to the 10-40% risk in those who 

are HBeAg negative. Transmission is thought to occur at birth or shortly afterwards, as 

in utero transmission has not been convincingly demonstrated, and cord blood studies 

may be hampered by contamination with maternal blood. Furthermore, it is thought that 

caesarean section may reduce the incidence of vertical transmission, suggesting that 

transmission occurs during or after parturition (Lee et al. 1988). Horizontal transmission 

has been implicated in children in high risk groups who are not infected at birth, but 

become HBsAg positive subsequently. In Asian children not infected at birth, this has 

been shown to be of the order of about 60% in children born to HBeAg positive mothers 

and 40% in those born to those who are HBeAg negative (Beasley and Huang, 1983). 

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

in stool, urine, saliva and breast milk, raising the possibility of non-serum associated 

transmission (Ogra, 1973; Blainey et al. 1971). Other routes of transmission in 

developing countries include scarification and the controversial role of insect vectors 

(Vail Mayans et al. 1994).

In Western countries transmission in the indigenous, non-immigrant population HBV is 

often acquired either sexually or parenterally. HBsAg is detectable in the semen and
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transmission may be the result of either vaginal or anal intercourse. Homosexual 

transmission may currently account for 7.5-8% of cases of de novo HBV infection, and 

this represents a decline in comparison to estimates made in the early and mid 1980’s, 

probably due to safer sexual practices. Receptive anal intercourse and sexual 

promiscuity are particularly associated with a higher risk of HBV infection (Alter et al. 

1986). Heterosexual activity may also result in transmission as evidenced by the higher 

risk of HBsAg positivity in groups who have multiple sexual partners, longer duration of 

sexual activity and histories of sexually transmitted diseases (Alter et al. 1990).

Since the advent of screening blood products for HBsAg parenteral transmission of HBV 

from this source has declined (Margolis et al. 1991). However, infected units may not be 

screened out of the donor pool as some HBV carriers may have very low levels of HBV 

replication and may remain HBsAg negative with HBV DNA demonstrable in the serum 

by PCR. This has also been found in cases of HBV transmitted by liver transplantation. 

These patients may remain anti-HBc positive, suggesting that additional screening tests 

may help to elirninate this rare occurrence (Chazouillères et al. 1994). The role of 

parenteral drug usage in transmission of HBV is highlighted when it is considered that 

about 25% of cases of HBV infection in the UK and up to 52% of cases in Sweden are 

associated with this mode of transmission. Potential for reduction of the importance of 

this route of transmission is available, if needle exchange and vaccination programs can 

be successfully implemented in this high risk group.

As well as the above groups, individuals who remain at relatively high risk of HBV 

infection include medical and dental personnel, staff and patients of haemodialysis units 

and individuals with learning difficulties who have been institutionalised.

1.4.3 Clinical features

Infection with HBV can lead to either acute or chronic infection depending on a number 

of factors. Epidemiological data suggest that the route and timing of acquisition is 

important; in the UK where the virus is transmitted predominantly parenterally and 

sexually to adults, HBV accounts for a low proportion of chronic hepatitis, whereas in
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Africa and Greece where transmission is more likely to be vertical or horizontal to 

neonates or children 25-60% of cases of chronic hepatitis are due to HBV infection. 

Furthermore in neonatally infected children, the probability of becoming a chronic carrier 

is of the order of 90% compared with 1-5% in those infected as adults (Hadziyannis et 

al. 1970; Beasley et al. 1981). Immunocompétence may also be a factor as individuals 

who have lepromatous leprosy, Downs Syndrome or are on immunosuppressive therapy 

are also more likely to become chronic carriers (Jacyna et al. 1992).

1.4.3 .1 Acute infection

Following infection the incubation period of the virus is from 60 to 180 days. The 

subsequent clinical course may vary from an asymptomatic infection, to an acute icteric 

hepatitis and rarely run a fulminant course. Factors governing these outcomes may 

include host factors such as the magnitude of the host immune response and virological 

factors, such as the inoculum or controversially the presence of viral mutations (Liang et 

al. 1991). As well as the classical manifestations of acute hepatitis, HBV infection has 

been associated with a number of extra-hepatic manifestations including a serum 

sickness-like syndrome, a necrotizing vasculitis, glomerulonephritis and neurological 

disorders, such as mono-neuritis and Guillain-Barré syndrome. In infected adults 

resolution of the acute hepatitis, with clearance of HBV antigens and DNA and long- 

lasting immunity is the norm.

1.4.3.2 Chronic infection

In a minority of infected adults and a majority of infected neonates and children a chronic 

infection results. In general this has been classified into those with low level replicative 

infection, who commonly remain HBeAg negative and those with higher level HBeAg 

positive infection. Clinically the former have a low risk of the sequelae of chronic liver 

disease, such as cirrhosis and hepatocellular carcinoma (HCC), whereas the incidence of 

HCC in the latter may be as high as 40% (Lok and Ma, 1990; Fattovich et al. 1991).
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Histologically both may have mild or minimal hepatitis on liver biopsy, however they 

may be distinguished as the latter have evidence of high HBV replication as 

demonstrated by the presence of strong positive intra-hepatic staining for the HBV 

antigens, HBsAg and HBcAg, or even the presence of core particles by electron- 

microscopy (Tapp and Jones, 1977). The HBeAg positive individuals with histological 

mild hepatitis have a propensity to proceed to cirrhosis, and this may be as a result of 

flares in histological activity resulting in the development of an active hepatitis and 

cirrhosis. Patients with HBeAg positive infection may also have active hepatitis on 

biopsy as evidenced by lymphocytic infiltration, interface hepatitis and bridging necrosis, 

which may precede the development of subsequent cirrhosis. Conversely patients with 

established cirrhosis may be either HBeAg positive or negative, again representing 

differences in replication in late stage disease. Mechanisms governing this spectrum of 

disease are not yet clarified, however the outcome of disease is thought to represent in 

some measure the ability of the host to mount an immunological response to HBV 

infection, and speculatively, it may be that flares in hepatitis represent immunologically 

mediated attack on the virally infected hepatocytes. The immunological aspects of 

hepatitis B infection are discussed in more detail later in the chapter.

1.4.3.3 Hepatocellular Carcinoma

The major risk factor for the development of hepatocellular carcinoma in chronic HBV 

infection is the presence of cirrhosis. However, two main mechanisms have been 

postulated to account for HBV as a direct cause in the development of HCC, 

independent of the increased cell turnover associated with chronic viral infection and 

persisting necro-inflammatory damage. The first is the integration of HBV at sites within 

the host genome which are critical for the control of cell cycling. Studies have 

demonstrated the integration of HBV DNA into the host genome in up to 90% of 

HBsAg positive patients with HCC (Brechot, 1987; Tokino and Matsubara, 1991). 

These integrated sequences might disrupt tumour suppressor genes or switch on 

candidate oncogenes, by disrupting their regulatory elements. However no common
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integration site for the HBV been found, nor have they been found consistently in the 

vicinity of known oncogenes (Chisari et al. 1989). Isolated case reports of HBV 

integration at significant sites, such as at the second intron of the cyclin A gene, the 

retinoic acid receptor gene and on chromosome 17 (the chromosome on which the gene 

for P53 is found), have been reported, but these are the exception (Wang et al. 1990; 

Truant et al. 1995). The second mechanism involves transactivation of host oncogenes 

by either the HBx protein or a truncated protein derived from the pre-S2/S region of the 

HBV genome, which may also posses transactivating activity. Both of these regions have 

been shown to be commonly integrated into the host genome, the former predominantly 

truncated at the 3 ’ end. Research has focused on the HBx gene product, which has been 

shown to activate the proto-oncogenes c-fos and c-jun, and that this activation may 

occur via a Ha-ras- and Raf-1-dependent signal transduction pathway (Twu et al. 1993; 

Natoli et al. 1995). Furthermore, messenger RNA from the HBx gene have been shown 

to accumulate preferentially in tumorous tissue in HCC from patients negative for 

HBsAg, but whose genome contains integrated HBV sequences. Further interest in the 

role of the HBx protein has been stimulated by the finding that it can bind to the P53 

tumour suppressor gene (Paterlini et al. 1995). Thus HCC in HBsAg positive patients 

could be a combination of both processes generalised to chronic liver disease and to 

those specific for HBV infection.
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1.5 Diagnosis and markers of HBV infection

A number of markers have been used to assist in the determination of the type (acute or 

chronic) and the severity of hepatitis B infection, as well as the prognosis for the 

individual. The markers commonly used are HBsAg, HBeAg, anti-HBe and anti-HBc 

IgM to confirm the presence and type of infection and, anti-HBs to confirm immunity or 

resolved infection. The detection of these markers is predominantly by the use of 

immunoassays, either enzyme-linked (ELISA) or radioactive (RIA). These diagnostic 

tests are now more routinely being supplemented by assays of HBV DNA levels. Whilst 

tests have been developed for the assay of the other HBV proteins, including pre-S 

antigens, DNA polymerase and antibodies to both of these proteins, these tests are not 

used in routine clinical practice (Chemin et al. 1991; Budkowska et al. 1992).

Hepatitis B virus has an incubation period of between 60 to 180 days, therefore there is a 

latent period between infection and symptoms and the appearance of viral markers in the 

serum. The first markers to appear are HBsAg, HBeAg and HBV DNA (as determined 

by hybridisation methods). These precede the onset of symptoms and of jaundice. IgM 

anti-HBc subsequently appears and in acute hepatitis B infection resolution of infection is 

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

HBe and subsequently the development of anti-HBs, which is the marker for protective 

immunity. IgM anti-HBc is also lost, however IgG anti-HBc remains after resolution of 

infection and is not a marker of protective immunity, as low level but transmissible 

infection may be indicated by the presence of anti-HBc, without anti-HBs or HBsAg. In 

this case the serum may be positive for HBV DNA by PCR (Kroes et al. 1991).

In about 5% of adult infected patients HBsAg persists for more than six months and the 

patient is defined as a chronic carrier of HBV infection. In some cases markers of active 

viral replication such as HBeAg and HBV DNA persist and the patient remains at high 

risk of cirrhosis and hepatocellular carcinoma. Other patients “seroconvert” to anti-HBe 

and may be serum HBV DNA negative by hybridisation techniques, although they remain 

HBV DNA positive by PCR in the serum and liver (Loriot et al. 1992). These patients 

are considered to have a less active infection, often have normal transaminases and are at
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low risk of severe liver disease, although the HBV infection may reactivate with the 

appearance of HBV DNA and HBeAg, especially if the patient becomes 

immunosuppressed. They may then follow a fulminant course on withdrawal of 

immunosuppression (Lau et al. 1989; Flowers et al. 1990). This indicates that the 

patients have probable low-level viral replication, which is not routinely quantifiable by 

hybridisation techniques, rather than having integrated HBV genomes expressing 

HBsAg. Spontaneous loss of HBsAg positivity in chronic carriers is rare, of the order of 

1%, but this figure can be augmented to 11.5 % with the use of alpha-interferon therapy 

(Niederau et al. 1996).

Viral mutations can cause unusual serological patterns in active HBV infection. The 

commonest of these is the pre-core mutant, which is unable to synthesise HBeAg, most 

commonly due to a stop codon forming mutation at position 1896 (Carman et al. 1989; 

Bonino et al. 1991). In this case patients are HBeAg negative, but HBV DNA positive, 

often with active, and occasionally fulminant, liver disease (Hasegawa et al. 1994). 

Much less commonly a chronically infected patient may appear HBsAg negative if the 

dominant circulating viral strain possesses a mutation in the a determinant of the HBs 

protein and the assay used for detection of HBsAg utilises a monoclonal antibody against 

this determinant (Carman et al. 1995). Again in this situation the patient may be HBV 

DNA positive, indicating active viral replication.
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1.6 Immunology of hepatitis B infection

1.6.1 General considerations

The immune response to pathogens can be considered to involve innate, non-adaptive 

and adaptive immunity. The innate immune responses provide the earliest line of defence 

against pathogens. These include the activation of the alternative pathway of the 

complement cascade in the serum and the resident tissue macrophages which can trap, 

engulf and destroy the organism. Subsequently the non-adaptive early induced immune 

responses are activated. These responses can be activated by macrophages on contact 

with an antigen by the production of cytokines such as interleukin-1 (IL-1), interleukin-6 

(IL-6), interleukin-8 (IL-8), interleukin-12 (IL-12) and tumour necrosis factor a  (TNF

a), as well as nitrous oxide, leukotrienes and platelet activating factor. The net result of 

this macrophage activation is a local inflammatory response. This is produced by local 

vasodilatation, the activation of the vascular endothelium and an increase in vascular 

permeability. The vascular endothelium is activated to express adhesion molecules, such 

as E-selectin and ICAM-1, which permits binding of the leukocytes to the vascular 

endothelium, with subsequent migration down a chemotactic gradient towards the area 

of inflammation and destruction of the pathogen. IL-1, IL-6, TNF a  can also stimulate 

an acute phase response, leading to secretion of C-reactive protein and mannose-binding 

protein. Both these molecules can opsonize micro-organisms and activate complement. 

Infection of cells with viruses leads to the induction of the interferons a  and p. These 

are induced by a number of factors, but particularly by double-stranded RNA. The 

interferons lead to induction of a number of host genes, such as 2'-5' oligoadenylate 

synthetase, leading to activation of an endoribonuclease to destroy viral RNA, and PI 

kinase causing an inhibition of translation by the phosphorylation of an elongation factor. 

They also have immunostimulatory effects, by upregulation of MHC class I expression 

and components of the class I pathway, such as TAP transporter proteins and the Lmp2 

and Lmp7 components of the proteasome. Natural killer cells are also activated by these 

interferons.
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These cells provide an early non-antigen specific mechanism for the destruction of virally 

infected cells. They are activated by IL-12 and TNF a  and can posses both stimulatory 

and inhibitory killer receptors. Inhibitory killer receptors are triggered by contact with 

MHC class I expression, but how this contributes to viral eradication at present remains 

unclear (Colonna, 1997).

The adaptive immune response involves the activation of antigen specific T and B 

lymphocytes. Priming of naive T lymphocytes requires binding of the T cell receptor 

with peptide:MHC complex and a co-stimulatory signal such as the glycoproteins B7.1 

or B7.2. Binding of these molecules to CD28, expressed on the T cell membrane 

induces activation of the T cell, secretion of EL-2 and expression of the high affinity EL-2 

receptor. Binding of the T cell receptor of the naive T cell without co-stimulation 

induces anergy or tolerance. Dendritic cells, macrophages and B cells express these co

stimulatory molecules and can therefore prime T lymphocytes against a given antigen. 

Thus initial contact of naive T cells with antigen occurs predominantly in the lymphoid 

tissues where these cells are more common. Once primed against an antigen subsequent 

effector functions of the T lymphocyte do not require co-stimulation and hence 

responses may be generated following contact with a wider range of cell types than those 

required for priming. Homing of primed lymphocytes to infected sites is directed by the 

interaction of the vascular addressins GlyCAM-1 and CD34 with L-selectin on the T cell 

surface. Subsequent stronger adhesion to the endothelium is via the binding of LFA-1 

on the T cell to ICAM-1 and ICAM-2. Activation of LFA-1 by chemokines and the 

peptide:MHC complex for which the T cell is specific causes the T cell to cease 

migrating and to proliferate (Janeway and Travers, 1996).

In general the type of adaptive immune response to a pathogen is thought to be 

determined by the cytokine profiles of the antigen specific CD4 lymphocytes. These cells 

recognise predominantly exogenous antigens presented as peptides of variable length, 

but usually greater than 13 amino acids, in the context of MHC class II molecules. If on 

activation these lymphocytes produce predominantly EL-12 and EFNy (a Tel response) 

then macrophage activation and generation of CDS positive cytotoxic T cells occurs. If
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IL-4 and EL-10 (a Th2 response) are produced then proliferation of B lymphocytes 

results and the response is antibody predominant. Lower levels of antigen and peptides 

that bind weakly to the T-cell receptor are thought to lead to predominant Th2 type 

responses, whereas the converse is thought to be true for the ThI type responses (Abbas 

et al. 1996).

Clearance of virally infected cells is dependent on antigen specific CDS positive 

cytotoxic T lymphocytes. These cells recognise endogenously synthesised peptides 

presented in the context of MHC class I molecules. Currently it is thought that 

endogenously synthesised antigens are degraded in the cytosol by the proteasome into 

peptides. Attention has focused on two proteasome subunits, LMP2 and LMP7, genes 

for which are encoded in the MHC, as being important for the generation of peptides for 

presentation by HLA class I, as cells lacking these proteins cannot generate certain CTL 

epitopes. Displacement of the housekeeping proteasome subunits by LMP2 and LMP7 

changes its cleavage specificity, in favour of cleavage after hydrophobic and basic amino 

acid residues. The peptides thus produced are transported into the endoplasmic reticulum 

(ER) by the ATP dependent peptide transporter, TAP, composed of TAP-1 and TAP-2 

subunits. Once in the ER peptides may be further trimmed by an ER resident 

endopeptidase. Newly synthesised MHC class I molecules within the ER are complexed 

with calnexin, which chaperones the folding of the class I molecule with p2- 

microglobulin and the peptide. The peptide:MHC: P2-microglobulin trimeric complex is 

then transported to the cell surface. Recognition of this peptide;MHC complex on an 

infected cell by CDS positive cytotoxic lymphocytes causes the lymphocyte to kill the 

cell either via release of cytotoxic granules containing perforin and granzymes or by the 

Fas-Fas ligand pathway, leading to apoptosis. This leads to the destruction of the 

intracellular virions and also prevents their spread.

The pathway of endogenous antigen presentation leads to presentation of peptides by 

HLA class I molecules. By contrast exogenous antigens are presented by HLA class II 

molecules. In this process exogenous antigens are taken up by endocytosis, via clathrin- 

coated vesicles into early endosomes, where they are degraded into peptides by
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proteases, including cathepsin B and D. These may associate with recycled class II 

molecules and be transported back to the cell surface. Alternatively they may associate 

with newly synthesized HLA class II molecules in the late endosomal compartment or 

the pre-lysosomal compartments. This association requires the dissociation of CLIP 

peptides by HLA-DM from the peptide binding site of the HLA class II molecule. Once 

on the cell surface the peptide loaded HLA class II molecule can be recognised by CD4 

positive T lymphocytes, to trigger the antigen specific immune response.

1.6.2 Innate immunity to hepatitis B

Mechanisms of innate immunity to hepatitis B have been poorly studied, as they are 

thought to be equivalent in most individuals. Recent studies have however demonstrated 

a mutation in the mannose binding protein associated with failure of clearance of HBV in 

Caucasian individuals infected with HBV in adulthood. It is postulated that in cases 

where the inoculum is low a failure of opsonisation may be critical in determining the 

occurrence of infection, however it does not seem to explain why a specific outcome of 

infection occurs (Thomas et al. 1996). Raised levels of interferon alpha and enhanced 

natural killer cell activity, consistent with activation of the innate immune system, have 

been demonstrated in patients with acute hepatitis B in comparison to healthy controls 

(Chemello et al. 1986). However in chronic hepatitis B, natural killer cells can be 

isolated from the liver, suggesting that these cells may contribute to the immune 

response to HBV, and that there is not a primary failure of this response to account for 

the failure to clear the virus (Hata et al. 1991).

1.6.3 Antibody responses.

As described earlier in this chapter antibodies to all HBV proteins have been described 

indicating that all proteins are immunogenic at the B cell level. The clinical role of the 

various HBV antigen/antibody systems has been described already. As well as antibodies 

to the HBs, HBc and HBe antigens, antibodies to the polymerase, specifically to the 

RNAse H domain, and HBx proteins have been described and these may correlate with
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HBV replication (Kann et al. 1993; Levrero et al. 1991; Weimer et al. 1990). Amongst 

the HBs antigens it seems that the antibodies to S region are dependent on the 

conformation of the protein and are therefore difficult to map in peptide systems, 

whereas the pre-S 1 region presents continuous B-cell epitopes, which have been 

mapped. It has been suggested that the fine specificity of the antibodies to this region 

may differ in acutely and chronically HBV infected patients, suggesting that a defect in 

the B cell repertoire may have a role in the development of chronic infection (Alberti et 

al. 1990). Furthermore, extensive work in the murine system has shown the MHC 

restriction of the murine antibody responses, with a distinct and discrete hierarchy of 

antibody responses to the HBs antigens in different strains of mice, suggesting host 

factors may be important in the type of antibodies generated and hence in the outcome of 

infection (Mlilich, 1988).

1.6.4 T lymphocyte responses

Early studies of T lymphocyte responses have suggested the presence of altered T cell 

function of PBMCs in patients with chronic hepatitis B (Alexander et al. 1986). Studies 

using autologous hepatocytes as targets in cytotoxicity assays have shown the presence 

of cytolytic responses in these PBMCs. These responses were thought to be directed 

against the nucleocapsid antigen, however subsequent understanding of the mechanisms 

of antigen presentation question the interpretation of some of these early experiments 

(Ferrari et al. 1986). Patients with more active histological disease had higher levels of 

cytotoxicity, however these responses were not specific for T cells (Eddleston and 

Mondelli 1986). Blocking antibody studies have suggested that these responses may be 

related to natural killer cell activity (Barnaba et al. 1986). Intrahepatic T cell lines have 

been found to consist of both CD4 positive and CD8 positive lymphocytes, and are 

thought to recognise the nucleocapsid antigen. Cytotoxic activity has been demonstrated 

in these lymphocytes, and is thought not to be due to natural killer cell activity (Ferrari et 

al. 1987). Subsequent clarification of the molecular mechanisms responsible for antigen 

presentation, immune responses to HBV have been re-analysed.
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6.4.1 HLA class II and CD4-lymphocyte responses

Critical to the development of either cellular or antibody effector responses to pathogens 

are the CD4-lymphocyte or Th lymphocyte responses, which provide help for the 

effector functions. CD4-lymphocytes are class II restricted and reactivity is 

demonstrated by measuring proliferative responses to exogenous antigens. Using this 

system strong HLA class II restricted proliferative responses to the nucleocapsid antigen 

have been demonstrated in the peripheral blood of patients with acute hepatitis B. 

Furthermore these responses have been shown to be much weaker in patients with 

chronic hepatitis B infection and in these chronically infected patients these responses are 

amplified with flares in the activity of the disease associated with seroconversion to anti- 

HBe, suggesting that they are important for viral clearance (Tsai et al. 1992). A number 

of class II restricted T cell epitopes in the HBc antigen have been mapped, however the 

most commonly recognised seems to be the epitope localised between residues 50-69 

(Ferrari et al. 1991 a; Ferrari et al. 1990). Presentation of this peptide has not yet been 

mapped to a specific HLA class II allele. The peripheral blood responses to the surface 

antigens has also been studied and seems to be less intense than the responses to the 

nucleocapsid antigens. HLA class II restricted responses to HBs, pre-S I and pre-S2 

antigens have been described and T cell epitopes mapped in both the peripheral blood 

and the liver, however it seems that the magnitude of these responses is not as great as to 

the nucleocapsid antigens and changes in immune responses to these antigens during 

flares of infection have not been so clearly demonstrated (Barnaba et al. 1994; Barnaba 

et al. 1989; Ferrari et al. 1992).

In tandem with studies of proliferative responses and epitope mapping studies, 

epidemiological studies correlating HLA status with outcome of hepatitis B infection 

have been performed. Large numbers of patients with resolved and continuing HBV 

infection have been required in order to elicit linkage of HLA alleles with type of 

infection and HLA-DRB*I30I has been shown to be more common in Gambian 

individuals with resolved HBV infection (Thursz et al. 1995). Correlation of this allele
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with antigen presentation at the molecular level has yet to be performed. In Qatar lack 

of HLA-DR2 and presence of HLA-DR7 was associated with chronicity and in Holland 

DQwl was thought to be protective (Almarri and Batchelor, 1994; van Hattum et al. 

1987). Conversely it has also been shown that HLA-DR2 can present a peptide from the 

pre-S2 region (residues 120-134) and intrahepatic lymphocytes derived from a HBV 

chronic carrier can respond to this MHC:peptide complex (Barnaba et al. 1989). The 

situation thus remains complex and good correlative studies between the epidemiological 

and molecular basis of the role HLA class II in outcome of HBV infection have yet to be 

performed.

Outcome of infection may be related to the cytokine profile of the CD4-positive 

lymphocytes. In particular a ThI type cytokine profile is thought to be important for the 

development of cytolytic T cells and a preferential production of a Th2 type response 

may direct the immune response away fi*om a cytolytic response in favour of a strong 

antibody response. In the murine model MHC phenotype has been shown to determine 

the Th phenotype of the response to HBc/eAg (Milich et al. 1995). However the 

responses are not so clearly demarcated in man, although production of interferon y has 

been shown to correlate with flares of hepatitic activity suggesting a ThI type response is 

important. Intrahepatic CD4-positive lymphocytes cloned from liver biopsies from 

patients with chronic hepatitis B have been shown to be predominantly also CD56- 

positive and again these were ThI type in nature. CD4-positive, CD56-negative 

lymphocytes were ThO or Th2 predominantly (Jung et al. 1995; Barnaba et al. 1994; 

Fukudaetal. 1995a).

1.6.4.2 HLA class I restricted and CD8-lymphocyte responses

CD8-positive cytolytic T-lymphocyte responses are thought to be a major mechanism for 

eradication of intracellular pathogens. These lymphocytes recognise peptides derived 

from viral antigens in the context of MHC class I. In hepatitis B infection hepatocyte 

HLA class I display is shown to be increased in active as compared to mild hepatitis, and 

also to increase during interferon-alpha therapy (Lau et al. 1993; Pignatelli et al. 1986;
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Paul et al. 1991). Cytolytic T cell (CTL) responses were initially demonstrated in the 

peripheral blood of patients with acute hepatitis B infection, and were difficult to 

demonstrate in cases of chronic hepatitis B infection. Using the strategy of pulsed 

synthetic peptide stimulation with peptides containing motifs thought to be optimal for 

binding to a given HLA molecule, a number of peptides derived from the nucleocapsid, 

the surface and the polymerase regions have been defined, which can be presented by 

HLA-A2 (Bertoletti et al. 1993; Nayersina et al. 1993; Rehermann et al. 1995a). 

Interestingly more HLA-A2 presented peptides have been defined from the surface 

region than from the nucleocapsid region, which may be related to the fact that 

exogenous HBsAg can be presented by MHC class I molecules, thereby allowing more 

HBsAg than HBcAg to be presented to cytolytic lymphocytes (Barnaba et al. 1990). 

Subsequent studies have shown an epitope from the nucleocapsid region recognised in 

the context of both HLA-A68.1 and HLA-A31, and acid elution of peptides from the 

class I molecules on the hepatocytes of chronic HBV carrier have defined a peptide 

derived from the nucleocapsid region presented by HLA-Al 1 (Tsai et al. 1996). Recent 

studies have shown that HLA-A2 class I restricted CTL responses are demonstrable in 

patients with chronic hepatitis B infection, before and after interferon alpha therapy and 

also persist after serological recovery from acute hepatitis B infection, in patients who 

remain HBV DNA positive by PCR, suggesting an ongoing CTL response are important 

for controlling viral replication in all stages of hepatitis B infection (Rehermann et al. 

1996b; Rehermann et al. 1996a). Specific studies on the HLA class I immunogenetics 

have failed to show a consistent pattern of protective or susceptibility alleles. (Levo et 

al. 1982; Carbonara et al. 1983; Sampliner et al. 1981).

The mechanisms of clearance of HBV from infected hepatocytes by CTL have been 

inferred from studies of adoptive transfer of HBsAg specific CTL in HBV transgenic 

mice. In this model it has been shown that death of infected hepatocytes is mediated by 

apoptosis, as opposed to necrosis and that inhibition of viral replication can be mediated 

by the cytokines IFNy and TNFa. It is at present not clear whether these cytokines are 

secreted by the CTL or by macrophages or CD4-positive lymphocytes activated by them
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(Guidotti et al. 1996). In vitro studies have also confirmed the direct inhibitory effects of 

cytokines on the HBV core promoter (IFNy, TNFa and IFNa) and HBV replication 

(IFNy and TNFa) (Romero and Lavine, 1996; Kawanishi et al. 1995). The mechanism 

of hepatocellular necrosis in acute hepatitis B has been suggested to involve both the 

perforin- and Fas-ligand dependent pathways in tandem in the transgenic mouse model. 

The situation in human infection is not so clear, but so far studies have not confirmed a 

relationship between Fas antigen expression and inflammatory activity in chronic 

hepatitis B, and studies in acute hepatitis B are lacking (Nakamoto et al. 1996).

Studies of intrahepatic cytokines have revealed upregulation of ThI type cytokines, 

predominantly IFNy, in chronic active hepatitis (Chu et al. 1995). However this is not a 

unique finding in chronic hepatitis B, and is also found in chronic hepatitis C, an infection 

in which the CTL response is not so clearly associated with disease pathogenesis. One 

study has suggested that ThI type cytokines are associated with flares in hepatitis and 

Th2 type cytokines with resolution of these flares, however this work needs to be 

confirmed (Fukuda et al. 1995b). Similarly in active chronic hepatitis, intrahepatic 

ICAM 1 levels are elevated, as compared to levels in mild hepatitis (Chu and Liaw, 

1993). The situation remains complex, but it seems as though active hepatitis is in 

general accompanied by immunological responsiveness as is evidenced by infiltration of 

the liver by inflammatory cells, and expression of cytokines and adhesion molecules, 

whereas mild hepatitis is not accompanied by these phenomena. It is unproven whether 

any one of these factors is a primary cause of disease or lack of a single factor the cause 

of persistence, or whether they are simply the expected manifestations of an antigen 

specific immune response occurring in the liver.
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1.7 Mechanisms of persistence

1.7.1 Immunological considerations

The mechanisms underlying chronicity of hepatitis B infection are still far from clear. 

Proposed mechanisms are based on predominantly circumstantial evidence, and the fact 

that HBV specific immune responses are more difficult to elicit in chronic hepatitis B 

carriers. One of the most important observations is the significantly greater rate of 

chronicity of infection in those neonatally infected, than those infected in adult life. This 

has lead to the suggestion that neonatal tolerance, and in particular deletion of HBV 

antigen specific T cells may be one of the most important factors leading to persistence 

of infection.

Clonal deletion of T cells may occur when foreign antigen is recognised as self if it is 

encountered by the immune system at a time when it is still developing. These antigen 

specific T cells are thought to be eliminated during their development, leading to 

immunological unresponsiveness. Transplacental passage of HBeAg may lead to 

nucleocapsid specific immunological tolerance in the offspring of HBeAg-positive 

mothers, and the surplus of the subviral HBsAg particles as well as soluble HBeAg may 

help to subvert the immune system in infants, as well as adults. However, of note is the 

fact that offspring of HBeAg positive mothers respond successfully to HBsAg 

vaccination, with production of anti-HBs, and protection from subsequent infection, and 

are therefore demonstrably not tolerant to HBsAg (Barnaba and Balsano, 1992). 

Persistence of virus specific T lymphocytes may not result in elimination of virus from 

infected hepatocytes if these cells are rendered anergic. Specifically, T cell activation 

requires a co-stimulatory signal, such as is provided by the molecules B7.1 and B7.2, in 

addition to a T cell receptor (TCR) signal. Absence of the co-stimulatory signal in the 

presence of the TCR signal may lead to anergy of the T cell, and functionally a peripheral 

T cell tolerance may develop. Hepatocytes are not known to express the B7 molecules, 

but may express HLA class II, which theoretically could lead to the anergy of antigen 

specific CD4-positive T lymphocytes.
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As hepatitis B virus infects lymphocytes, theoretically elimination of virus infected 

lymphocytes by antigen specific CTL could lead to immunosuppression as is found in 

HIV infection. However this is unlikely as generalised immunosuppression is not found 

in chronic carriers of hepatitis B. Specific elimination of antigen-specific B cells, has 

been demonstrated, which may contribute to persistent infection, but this has not been 

shown for T-lymphocytes (Barnaba et al. 1990).

Alternatively HBV may have a direct effect on immunoregulatory molecules, leading to 

persistence. It has been shown that HBV may down-regulate the cellular response to 

exogenous interferons, but this does not explain why only a subset of adult infected 

patients become chronically infected (Onji et al. 1989). Polymorphisms in mannose- 

binding protein have been found in chronic carriers, but evidence of such polymorphisms 

in molecules involved in the antigen specific immune response, other than the HLA 

system have not been found. In general the immune response is not fully activated in 

chronic HBeAg/DNA positive carriers with mild histology as is evidenced by lack of 

intrahepatic interferons, both interferon alpha and IFNy, lack of hepatocyte HLA class I 

display and lack of inflammatory infiltrate, but where the primary deficiencies underlying 

immunotolérance are located is unclear (Chu et al. 1988; Montano et al. 1982).

1.7.2 Viral Mutation

Mutation of viral epitopes critical for recognition by the immune response may allow the 

virus to evade immune recognition and thus persist. Mutation in both HLA class I and 

HLA class II epitopes of hepatitis B nucleocapsid antigen have been sought and found 

(Hosono et al. 1995; Bertoletti et al. 1994). These mutations may accumulate over time 

during chronic infection, rather than be a primary feature of the virus causing persistence. 

Selection of these mutations may therefore depend on the host genetic background, 

giving rise to specific viral epitopes not recognised in a given individual, as opposed to 

mutations conferring survival advantage on the virus in a host population. Specifically 

mutation in the HLA-A2.1 epitope HBcAg 18-27 has been described and shown to 

function as a T cell receptor antagonist (Bertoletti et al. 1994). However this mutation is
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unlikely to be a major cause for viral persistence as it was not found in a cohort of HLA- 

A2.1 HBV chronic carriers (Rehermann et al. 1995b).

The most widely described mutations are the HBeAg negative viral mutants, which 

initially were thought to be associated with fulminant hepatitis B infection, but have now 

been found in chronic HBV carriers and may represent variants selected for over time 

(Kosaka et al. 1991; Pollicino et al. 1995). It is unproven that mutations in this region 

represent immune escape variants, but as they involve the stem-loop structure of the pre- 

genomic RNA may confer a replication advantage on the virion (Hasegawa et al. 1994). 

Conversely, the substitution of arginine for glycine at amino acid residue 145 of HBsAg 

has been shown to be associated with escape from the neutralising anti-HBs response 

(Waters et al. 1992). This mutation involves the conformation dependent a determinant 

of HBsAg, and thus can critically affect binding of antibody to the antigen (Carman et al. 

1990). The mutation has been described in the setting of escape from immunisation, and 

although variations in this region have been found to be naturally occurring, their role in 

potentiating the chronicity of the virus in an unimmunized host has not been established 

(Oon et al. 1995; Yamamoto et al. 1994).

Persistence of hepatitis B virus is thus of multifactorial aetiology, however the 

outstanding clinical observation is that age of infection is clearly an important 

determinant of outcome. The precise reasons for this have not yet been clearly 

demonstrated, and although antigen specific T cell deletion is thought to be important, it 

has yet to be demonstrated. In parallel with this are host genetic factors, including sex 

(males are more likely to have a worse outcome than females) and viral factors which act 

in combination to determine whether or not the acute infection becomes chronic. The 

pathogenesis of liver disease is a further issue in an infected host, although the weight of 

evidence is in favour of hepatocellular necrosis being caused by a virus specific cytotoxic 

T lymphocyte response, at least in acute hepatitis B infection. In chronic hepatitis 

infection the mechanisms underpinning the progression of what is thought to be an 

immunotolerant phase of disease, with high levels of hepatitis B virus replication.
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minimal histological activity with little inflammatory infiltrate, through to the cirrhotic 

stage remain unclarified.

The work presented here involves the study of the immunological responses found in 

chronic hepatitis B carriers, in order to further define the immunology of the chronic 

carrier state. Subsequent chapters focus on the HLA class I restricted cytotoxic T 

lymphocyte response in chronic HBV carriers, using a novel model in which a HLA class 

I null cell line is dually transfected with the HBc gene and specific HLA class I 

molecules, in order to provide CTL with single HLA allele restricted stimulus and target.
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CHAPTER 2

CREATION OF HBV NUCLEOCAPSID 

EXPRESSION VECTOR CONSTRUCTS

44



2.1 Introduction

The objective of this work was to create a series of expression vector constructs that 

would express the hepatitis B nucleocapsid genes in a eukaryotic cell culture system, 

either the 721.221 or CIR cell lines. The aim was to generate two types of construct: 

one that would express HBeAg (the product produced from expression of the 

nucleocapsid gene beginning at the pre-core initiation codon); and one that would 

express HBcAg (the product produced from expression of the nucleocapsid gene 

beginning at the core initiation codon). This was in order to study the relative of 

importance of these two related proteins in the cytotoxic responses to HBV.

Eukaryotic expression vectors are composed of several critical components: a promoter 

(the site at which RNA synthesis begins), a cloning site or sites (in which to insert the 

gene), a polyadenylation signal for the cloned gene, a eukaryotic selection marker, a 

prokaryotic selection marker, and an origin of replication (Old and Primrose, 1994). 

There are several types of expression vector, but the ones used in this project contain 

EBV origins of replication and the Epstein-Barr virus nuclear antigen (EBNA) coding 

sequences in order to replicate stably in primate (including human) cell lines (Yates et al. 

1985; Chittenden et al. 1989). They were based on pHEBO and obtained from 

Invitrogen® (Leek, Holland). Two vectors were used pMEP4 and pREP8 . These are 

from the same family of vectors, but the former has a gene encoding hygromycin 

resistance and a mouse metallothionen promoter and the latter a histidinol resistance 

gene and a Rous sarcoma virus promoter.

In addition to these expression vectors, prokaryotic vectors were used in order to 

facilitate molecular cloning and DNA sequencing. These vectors contain an FI origin of 

replication, an antibiotic resistance marker, a polylinker and replicate at high copy 

numbers in E coli. The prokaryotic vector used was pBKS+ which is based on the 

plasmid pBR322, one of the most widely used cloning vectors (Pouwels, 1991). Full 

details of all vectors are given in the Appendix.
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Molecular cloning

Production of the HBV constructs involved the following steps:

a) isolation of the genes of interest from an HBV clone in pUC19

b) cloning the genes into a cloning vector

c) re-isolation of the genes from the cloning vector

d) cloning them into the expression vector.

The use of an intermediate cloning vector was necessary in order to generate appropriate 

cohesive ends to clone into the expression vector, facilitate amplification of the HBV 

genes of interest and to facilitate DNA sequencing of the constructs.
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2.2 Materials and methods

The fundamental strategy used to create the constructs was as follows;

1. to isolate the gene of interest using appropriate restriction enzymes

2 . ligate this gene into the appropriate vector, cut with the same restriction enzyme or 

one producing compatible ends

3. introduce the vector containing the insert in competent bacteria

4. purify the vector from the bacteria

2.2.1 Hepatitis B isolate

The HBV genome used to derive the nucleocapsid genes was derived from a HBV 

isolate of known sequence which had been cloned in toto into the pUC19 cloning vector 

and in which a pre-core stop codon had been mutated back to wild-type by site-directed 

mutagenesis (R Ling, unpublished observation) (Figure 2.1) (Vaudin et al. 1988). This 

had been stored at -20°C at a concentration of Ipg/pl.

2.2.2 Restriction enzyme digests

The HBV genes were isolated using type II restriction endonucleases. These enzymes 

recognise specific DNA sequences, which are usually palindromic, and cut the DNA in a 

sequence specific manner. This cut DNA can be ligated to another DNA fragment cut by 

the same enzyme in order to generate a chimaeric strand of DNA composed of the two 

original fragments. These enzymes, depending on their specificity may produce cohesive 

ends with 5' or 3' overhangs or blunt ends, which are flush.

The restriction enzymes used in this study include the following which generate cohesive 

ends: Pst\, Xba\, BamHX, Kpnl, Sail and Sty I, and also Smal which generates blunt 

ends.
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Figure 2.1 : Diagrammatic representation of the HBV clone in pUC19 used to isolate the HBV genes for this study. The map 

is numbered from the start codon of the HBc gene. Cleavage sites of the restriction enzymes used in this study are 

illustrated.
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Digests were performed at the temperature appropriate to the enzyme and in the buffer 

recommended by the manufacturer of the enzyme. The digests were performed using one 

to ten units of the enzyme depending on the amount of DNA to be cut and its 

concentration. Following digestion the enzymes were heat inactivated, to prevent 

redigestion or inhibition of ligation, or if the restriction enzyme was not heat sensitive the 

DNA was purified by extraction with phenol (pH8) and chloroform 1:1, and precipitated 

by 2.5 volumes of ice cold ethanol and 0.1 volumes of 3M sodium acetate.

Cohesive ends were blunted where necessary by incubation with five units of Klenow 

polymerase (a DNA dependent DNA polymerase with 3' to 5' exonuclease activity) and 

50p,M deoxyribose nucleotide triphosphates (dNTPs: a mixture of deoxyadenosine, 

deoxyguanosine, deoxythymidine and deoxycytidine triphosphates) in the appropriate 

buffer.

In the case of a blunt ended digest in order to prevent recircularisation of the vector with 

itself during the subsequent ligation reaction, the 3' ends of the vector were 

dephosphorylated by incubation with calf intestinal alkaline phosphatase (CIP) for 45 

minutes at 50°C. The CIP was heat inactivated by incubation at 75°C for ten minutes. 

Total DNA was purified by phenol-chloroform extraction and ethanol precipitation. From 

this total DNA the desired fragment was extracted by running the sample on 1% low 

melting point agarose gel and cutting out the desired molecular weight band.

2.2.3 Ligation reactions

T4 DNA ligase was used to covalently join the fragments generated by the restriction 

enzymes. In the presence of ATP this enzyme catalyses the formation of phosphodiester 

bonds between blunt and cohesive ended fragments. Successful ligation depends on the 

two DNA species being present at optimal concentrations, this helps to prevent self

ligation of a DNA species i.e. recircularisation of a vector or the formation of 

concatamers. The ligation reaction must also be performed at a temperature at which
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allows the T4 DNA ligase to function, but which allows the ends of the cut DNA to 

associate.

For each ligation reaction the procedure was as follows:

1. The relative amounts of vector and insert DNA was quantified by agarose gel 

electrophoresis using a DNA ladder of known concentration (ÏJiindlW, GibcoBRL®, 

Paisley, UK) as a standard.

2. The ligation reaction was set up using appropriate concentrations of vector and insert 

DNA, with one unit of T4 DNA ligase in the appropriate buffer (0.25mM Tris HCl 

(pH 7.6), 50mM MgCb, 5mM ATP, 5mM dithiothreitol (DTT) 25% w/v PEG-8000: 

GibcoBRL®) and incubated overnight at 12°C.

3. One fifth of the ligation reaction was used to transform competent E coli

2.2.4 Preparation of competent cells and transformation of bacteria:

The XLl blue strain of E coli were grown from a single colony and were made competent 

for transformation by the calcium phosphate method as follows. The bacteria were 

cultured overnight in 5mis of 2YT medium at 37°C and 1ml of the colony expanded in 

lOOmls of 2YT the next morning. This was incubated for three hours, the bacteria 

pelleted, resuspended in O.IM MgCb, repelleted, resuspended in O.IM CaCE and 

incubated on ice for one hour. One fifth of the ligation reaction was added to an aliquot of 

the bacteria in Falcon 2059 tubes, which were then incubated on ice for 30 minutes, heat- 

shocked at 42°C for two minutes and incubated on ice for a further 30 minutes. The 

bacteria were then incubated in LB broth for one hour to allow expression of |3-lactamase.

For ligations involving the bluescript vector IPTG (isopropyl-thio-galactopyranoside) and 

X-gal (5-bromo-4-chloro-3-indoyl-p-D-galactopyranoside) were added and the bacteria 

plated out on 1.5% LB-agar plates containing with ampicillin. The IPTG acts as an 

inducer for the ZacZ'gene of the bacteria, which carries a deletion complemented by the 

alpha peptide expressed by the vector, which is also induced by IPTG This results in the
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production of p-galactosidase, which produces a blue coloured product from the substrate 

X-gal, so resulting in blue-coloured colonies. The multiple cloning site in this vector lies 

within LacZ" gene encoding the alpha peptide so that if the gene of interest is inserted into 

the vector, this disrupts the LacZ' gene and the bacterial colonies containing the gene 

appear colourless. For the other ligation reactions there is no colour indicator and so 

colonies are selected at random.

The bacteria were plated onto 1.5% LB agar plates containing ampicillin (lOOpg/ml) and 

incubated overnight at 37°C. The next morning bacterial colonies were selected either 

using the colorimetric method or at random and expanded overnight in ampicillin 

containing medium.

2.2.5 Characterisation of bacterial colonies containing successfully ligated constructs 

Plasmids were first isolated from these bacterial colonies using the Wizard miniprep 

system (Promega®, Southampton, UK). In this procedure bacteria from 1.5mls of the 

overnight bacterial culture are pelleted by centrifugation in a microcentrifuge for two 

minutes. They were resuspended in 50mM Tris HCl (pH 8), lOmM EOT A and lOOpg/ml 

RNAse A, lysed with 1% sodium dodecoyl sulphate (SDS) and 200mM sodium hydroxide 

(NaOH) and the solution neutralised with 1.32 M potassium acetate (pH 4.8). The cell 

debris (including the bacterial chromosomal DNA) was pelleted by centrifugation and the 

supernatant mixed with a DNA binding matrix and introduced into a column. The column 

was washed twice and the plasmid DNA was eluted from the column with water.

Detection of the plasmids containing the gene of interest was then performed using 

restriction enzyme digest with subsequent agarose gel electrophoresis.

Bacterial colonies from ligations successful at a lower frequency were screened for the 

presence of the gene of interest by a hybridisation technique using a radioactive ^̂ P probe 

complementary to the gene of interest. Transformed bacteria were plated out onto five 

agarose plates onto which nylon filters (Hybond N) had been placed. After overnight 

incubation the nylon filters were removed, two replica filters were made of the original and
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put onto fresh plates. One set of replica filters were used for colony screening and the 

other set incubated overnight and then stored for subsequent use.

After overnight incubation the first set of replica filters plates were removed and the filter 

placed on paper soaked in 10% sodium dodecoyl sulphate (SDS). They were 

subsequently soaked in 1.5M NaCl and 0.5M NaOH to lyse the cells and denature the 

DNA. The filters were then neutralised in 1.5M NaCl and 0.5M TrisHCl pH 7.4. The 

DNA was bound to the membrane by baking at 80°C for two hours. These filters were 

then pre-hybridised in a standard fashion and hybridised overnight with a DNA probe 

labelled using random primers and dATP (Sanbrook et al. 1989). They were then 

washed and autoradiography performed. The autoradiograph was used as a template to 

pick the positive colonies from the stored plates.

Colonies were selected and expanded overnight. The plasmids were then extracted and 

digested with appropriate restriction enzymes. In order to ensure that plasmids used for 

subsequent experiments were derived from only a single colony, and to avoid 

contamination by a potentially negative colony, a single colony was recultured overnight, 

plated out and a further four colonies were checked for the presence of the gene of 

interest by restriction enzyme digestion.

2 .2.6 Large scale plasmid preparation

In order to transfect eukaryotic cells much larger quantities of DNA are required than to 

transform prokaryotic cells. Thus having successfully created an expression vector 

construct large quantities of DNA were made from a positive colony using a large scale 

plasmid preparation protocol as follows.

After overnight expansion of the bacterial colony in 100ml terrific broth, the bacteria were 

pelleted, resuspended in 50mM Tris HCl (pH 8), lOmM EDTA and lOOjitg/ml RNAse A. 

Cells were lysed with 1% sodium dodecoyl sulphate (SDS) and 200mM sodium hydroxide 

(NaOH) and the solution neutralised with 3M potassium acetate (pH 5.5). This was 

incubated on ice for fifteen minutes, spun at 30,000g for 20 minutes, to pellet the bacterial 

cell wall and the chromosomal DNA. The supernatant was then removed and spun at 

30,000g for a further ten minutes. The supernatant was removed and applied to a DNA
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binding column (Qiagen, Hilden, Germany), washed twice with IM NaCl, 50mM MOPS 

and 15% ethanol, then eluted with 1.25 mM sodium chloride (NaCl), 50mM Tris HCl (pH 

5.5) in 15% ethanol. The DNA in the eluate was precipitated with 0.7 volumes of 

isopropanol and washed in 70% ethanol, before being resuspended in water. The DNA 

was quantified using spectrophotometry i.e. absorbance at 260nm given by the formula:

Quantity of DNA per ml = A260 x 50 (for a 1ml solution containing double stranded DNA)

2.2.7 DNA sequencing

In order to insure that the genes isolated form the HBV/pUC19 construct were indeed the 

correct genes the DNA was sequenced using the chain termination method. The plasmid 

to be sequenced was made into single strands using 0.2M NaOH and 0.2mM EDTA and 

purified on a Sepharose CL4B column. The column eluate was annealed with Ing of the 

sequencing primer and the mixture divided into four aliquots. Sequencing was then 

carried out using Sequenasif^ V2.0 (Amersham, Buckinghamshire, UK). Briefly the 

primer was extended in the presence of ^S dATP and the other three unlabelled 

nucleoside triphosphates (each at a concentration of 7.5|liM) at room temperature for 2.5 

minutes in lOmM Tris HCl pH 7.5, 50mM NaCl. Four 3.5|iL aliquots were added to 

separate tubes containing 7.5pL of 80p,M of each dNTP and 8p,M of one dideoxy 

nucleoside triphosphate. The tubes were incubated for five minutes at 37°C and then the 

reaction stopped with 90% formamide containing xylene cyanol and bromophenol blue. 

These samples were then run on a 6% denaturing polyacrylamide gel, the gel dried and 

autoradiography performed.
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2.3 Results

2.3.1 The HBV core gene constructs 

This was performed in three steps:

1. Isolation of the core gene from the hepatitis B virus construct

2. Cloning into an intermediate vector (bluescript, pBKS+)

3. Cloning into the expression vectors (pREP8 and pMEP4 (Invitrogen®, Leek, 

Holland))

2 .3 .1.1 Isolation of the core gene from the hepatitis B virus construct 

The HBV core gene was flanked by two nucleotide sequences recognised by the 

restriction enzyme Styl, however no complementary restriction sites are present in the 

vector pBKS+. Therefore it was decided to clone the core gene into this vector using a 

blunt ended restriction site in the vector and filling in the cohesive ends of the Styl sites 

around the HBV gene in order to make them blunt. The HBV core gene was therefore 

isolated by digesting the HBV DNA contained in the vector pUC 19 with Styl overnight at 

37°C. Styl cuts the HBV/pUC 19 construct into five fragments (figure 2.2), with the core 

gene isolated as a 575 base pair (bp) fragment of DNA. When adequate digestion was 

confirmed by electrophoresis on a 1% agarose gel, the cohesive ends were filled in using 

Klenow polymerase and the DNA purified by phenol chloroform extraction and ethanol 

precipitation. The sample was then run on a 1% low melting point agarose gel and the 575 

bp band excised for use in the ligation reaction.

2.3.1.2 Cloning into an intermediate vector (bluescript, pBKS+)

The pBKS+ vector was prepared by digestion with Smal overnight at 30°C (the optimal 

temperature for the enzyme) and the 3' ends of the vector were dephosphorylated by 

incubation with calf intestinal alkaline phosphatase.

54



5 6 7

/07V 6/)
903 /,;?
575 bp

Figure 2.2: Digest of cloned HBV DNA in pUC19 cut with Sty\ (lane 6) and run against

a molecular weight marker (Xdkb DNA ladder, lane 5). The 575 base pair 

fragment represents the HBc gene. DNA bands from the HBc gene are in 

marked bold type and the molecular weight marker bands are shown in 

italics. Lanes 1 to 4 represent a previous experiment run on the same gel.
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The quantities of purified HBV core gene and cut vector were estimated by 1% agarose 

gel electrophoresis against a known quantity of DNA ladder QJUndMl, GibcoBRL, 

Paisley, UK). Five microlitres of the core gene and O.SpL of the cut vector were run and 

following estimation of the relative concentrations of the fragments, a ligation reaction 

was set up using approximately 3.2ng of HBV core gene and 40ng of vector.

One fifth of the ligation reaction was used to transform competent XL-1 E. coli and the 

following day 21 white colonies were selected, the plasmids extracted and screened for the 

HBV core gene insert using the restriction enzymes EcoFl and Bglil. These enzymes 

were chosen as they would each have a single restriction site in the construct. The former 

is in the plasmid and the latter in the inserted gene. If the insert was present in the correct 

orientation for subsequent experiments two bands of 549 and 2624 bp would be found, if 

the insert was in the wrong orientation then these would be of 49 and 3124 bp. If no 

insert is present then only one band (2598 bp), representing linearised vector is found. 

Figure 2.3 shows the insert present in the correct orientation in lane 24, which was used 

for DNA sequencing to double-check its orientation and subsequently used for insertion 

into the expression vector.

DNA sequencing was performed as described above. The vector pBKS+ contains sites 

complimentary to the M I3 phage universal and -20 sequencing primers (5' 

GTAAAACGACGGCCAGT 3' and 5'AACAGCTATGAGCATG 3') and these were 

therefore used in the sequencing reaction. A long (seven and a half hours) and a short 

(three and a half hours) gel run were performed to attempt to elucidate the maximum 

length of sequence. Autoradiography confirmed the correct orientation of the insert and 

220 nucleotides of the 5' end and 320 nucleotides of the 3' end of HBV DNA sequence 

could be read.
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Figure 2.3; EcoRl and digests of the plasmids from the ligation of the HBc gene 

with pBKS+. The HBc gene is successfully cloned in lane 24 in the correct 

orientation as evidenced by DNA bands of 2624 and 549 base pairs (bold 

type). Molecular weight markers (illkb DNA ladder) are in lanes 4, 11, 18 

and 25 (italics).
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2.3 .1.3 Cloning into the expression vector pMEP4.

The core gene was cloned into the expression vector pMEP4 using the BamHl and Kpnl 

restriction sites. The HBV core gene now in pBKS+ was digested with BamHl and Kpnl. 

This generated a 644 bp fragment, which was excised from a low melting point agarose 

gel. The vector pMEP4 was digested with the same restriction enzymes. Forty 

nanograms of insert and 200ng of vector were used in a ligation reaction. One fifth of the 

ligation reaction was used to transform competent E coli. Twenty four colonies were 

selected, the plasmids extracted and digested with BamH I and EcoRl. In the presence of 

the insert a fifth band would be present, compared to the four bands generated by a digest 

of the vector without the HBV core gene. Agarose gel electrophoresis of the digests 

revealed the possible presence of the insert in one lane, and this digest was repeated for 

confirmation. The positive colony was expanded and a large scale plasmid preparation 

performed. The total amount of plasmid recovered was 594p.g as determined by 

spectrophotometry.

2.3.1.4 Cloning into the expression vector pREP8.

The HBV core gene was cloned into the expression vector pREP8 using the same 

restriction sites as those used for the cloning into pMEP4. The methodology was similar 

and at the end of the experiment 560pg of plasmid containing the HBV core gene was 

obtained.

2.3.2 Creation of the pre-core/core gene constructs 

This was performed in three steps:

1. Isolation of the pre-core/core gene from the hepatitis B virus construct

2. Cloning into an intermediate vector (bluescript, pBKS+)

3. Cloning into the expression vector (pREP8 (Invitrogen®, Leek, Holland))

2.3.2.1 Isolation of the pre-core/core gene and cloning into pBKS+
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The HBV pre-core/core gene in the HBV clone was flanked by two restriction sites which 

generate cohesive ends, Pst\ and Xba\ (figure 2.1). These enzymes had been used 

previously to isolate the pre-core/core gene by Dr R Ling generating a fragment of 897 bp 

and this fragment was used for the ligation with the bluescript vector. Five nanograms of 

this fragment was ligated with 90ng of bluescript vector (pBKS+) which had been 

digested using the same restriction enzymes. One fifth of the ligation reaction was used to 

transform competent E. coli and six colonies were selected and screened for the presence 

of the pre-core/core gene. Extracted plasmids were digested with EcoRl (cuts vector) and 

BglU. (cuts insert) and run on a 1% agarose gel in order to determine the presence or 

absence of the inserted gene. In the presence of the pre-core/core gene two band are seen, 

one of 646 base pairs, and one of 2919 base pairs. In its absence only linearised plasmid 

DNA is observed (Figure 2.4). As can be seen from the figure the insert is present only in 

lane 4. The bacterial colony containing this plasmid was therefore retained for further 

extraction of the pre-core/core gene, insertion into the expression vector and sequencing. 

Sequencing of this plasmid was performed simultaneously with the pBKs+/core gene 

construct, and using the same primers. One hundred and ninety nucleotides of the 5' end 

and 255 nucleotides of the 3' end of HBV DNA were determined, confirming the correct 

orientation of the insert.

2.3.2.2 Cloning into the expression vector (pREP 8)

The restriction sites used for this experiment were Notl and Kpn I, both of which lie in the 

polylinkers of the vectors and neither of which are in the HBV fragment. Both the 

pBKS+/ pre-core/core gene construct and the pREP 8 vector were digested with Kpn I, 

phenol;chloroform extracted and ethanol precipitated. The DNA pellets were resuspended 

in water and then digested with Notl. The DNA concentrations of both digests were 

verified using agarose gel electrophoresis, and the 966 base pair pre-core/core gene 

containing fragment excised from the low melting point agarose gel (figure 2.5).
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Figure 2.4: EcoR\ and B ^l\\ digests of the plasmids from the ligation of the pre

core/core gene with pBKS+. The gene is successfully cloned in lane 4 in 

the correct orientation as evidenced by a DNA band of 646 base pairs (bold 

type). Molecular weight markers (XI kb DNA ladder) are in lane 8 (italics).
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Thirty nanograms of the pre-core/core gene containing fragment was ligated with 120ng 

of the vector using similar condition to those previously described. Competent E coli 

were transformed with the ligation reaction, and plated onto agar plates containing 

ampicillin. Twelve colonies were chosen and the plasmids extracted. These plasmids 

were digested with Sail which cuts the pREP 8 vector in two places and the vector part of 

the pre-core/core gene containing fragment once. On agarose gel electrophoresis Sal I 

digests of plasmids containing inserts produces three bands 643, 1374 and 10766 bp in 

length. Digests of plasmids without inserts produces only two bands 1076 and 10766 bp 

in length. No colonies containing the insert were observed. The ligation was therefore 

repeated, bacteria transformed, plated out and further colonies picked at random. Again 

no positive colonies were found.

To allow a greater number of colonies to be screened at a single time point, they were 

screened by hybridisation with a radioactive probe. The ligation was therefore 

repeated, using vector (pREPS) concentrations of 62.5ng and 25ng whilst keeping the 

insert concentration constant at 30ng. Transformed bacteria were plated out onto five 

agarose plates onto which nylon filters (Hybond N) had been placed. After overnight 

incubation multiple bacterial colonies had grown and following hybridisation the 

autoradiograph showed the presence of approximately 20 positive colonies on the plates in 

which 62.5ng of vector had been used, with none on the plate in which 25ng of vector had 

been used. The autoradiograph was used as a template to pick the positive colonies from 

the stored plates.
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2612 bp
2320 A/? 
2030

966 bp

Figure 2.5: Digest of pBKS+/ pre-core/core gene construct with Not\ and Kpn 1 (lane

1) demonstrating the 966 base pair DNA band containing the pre

core/core gene and the XHincAW molecular weight markers (italics).
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Twelve colonies were selected, expanded overnight, the plasmids extracted and digested 

with Sail (Figure 2.6). Expected DNA bands following the digest of a successful 

construct with SalV were of 9827, 1323 and 650 base pairs. Seven of the twelve were 

found to be positive. One colony was recultured overnight, plated out and a further four 

colonies were checked for the presence of the pre-core/core gene containing fragment by 

restriction enzyme digestion. These were all positive and therefore one was retained and a 

large scale plasmid preparation was made of this. The total amount of vector was 

quantified using spectrophotometry (absorbance at 260nm) and found to be 566|ig. This 

was stored at lp.g/|Lil for use in subsequent experiments.

2.3.2.3 Cloning the pre-core/core gene into pMEP4

The pre-core/core gene was isolated from the pREPS/ pre-core/core gene construct using 

the restriction enzymes BamHl and Kpnl. The vector pMEP4 was digested with the same 

enzymes, dephosphorylated and 100p,g ligated with the 50pg of the pre-core/core gene. 

Six out of six colonies contained the pre-core/core insert. A large scale plasmid 

preparation was made and the total DNA recovered was 624p.g.

2.3.4 Creation of a hybrid vector

Initial experiments in our laboratory had demonstrated that one of the cell lines (721.221) 

to be used in the subsequent transfection experiments was resistant to histidinol. In order 

to generate a vector with a strong constitutive promoter (the RSV promoter) and which 

conferred hygromycin resistance the pMEP4 mouse metallothionin promoter was 

exchanged for the pREPS RSV promoter.

The promoters of both vectors were flanked by Sail sites. Both vectors were therefore 

completely digested with Sail and the bands containing the pMEP4 vector without 

promoter and, the 1076 base pair pREPS (RSV) promoter were cut out.
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9827 bp

6/;
1323 bp
lOlHhp
650 bp
506 hp

Figure 2.6; Sal\ digest of plasmids following cloning of the pre-core/core gene cloned 

into pREP8. Plasmids containing the insert are in lanes 3, 5, 7, 8, 9 and 13, and 

their DNA bands are marked in bold type. Molecular weight markers are in 

lanes 4 and 11 (italics).
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The pMEP4 fragment was dephosphorylated and the vector and insert were ligated using 

l|ug of pMEP4 and 0.5p,g of RSV promoter. Colonies were screened by small scale 

plasmid preparation and digestion with Sali (figure 2.7). Six out of 22 colonies screened 

contained the appropriate insert. Positive plasmids were also digested with BamHl to 

exclude the presence of multiple copies of the insert being present in the vector. BamHl 

has a unique restriction site in the polylinker and so if more than one copy of the RSV 

promoter (which flanks the polylinker) was present an extra band would be present in the 

digest. A single colony was expanded using the large scale plasmid preparation protocol 

and the quantity of new vector (designated pS) obtained was 534p.g. The orientation of 

the new promoter was checked using an Mlul digest and found to be the same as that for 

pREPS.

2.3.5 Cloning the HBV genes into pSs

The HBV core and pre-core/core genes were subsequently cloned into the new vector 

(pS). Both genes were isolated from the respective pREPS constructs using the restriction 

enzymes BamHl and Kpnl. The vector pS was digested with the same enzymes, 

dephosphorylated and lOOjig ligated with the 50p,g of each of the HBV fragments in 

separate reactions. Seven out of nine colonies contained the pre-core/core insert and eight 

out of nine the core insert. Large scale plasmid preparations were made of each of these 

constructs and the total DNA recovered was 498|ig and 420pg respectively.
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9 10

707^ A/p

7636 6/;

lOIH hp

1076 bp

1076 bp

18 21 22 24 26

Figure 2.7; Sal\ digest of plasmids from the ligation of the RSV promoter into pMEP4.

Positive colonies are in lanes 5, 9, 12, 22, 26. with a band of 1076 base pairs 

representing the RSV promoter. Lanes 7 and 21 show a Sail digest of 

pMEP4 alone, to illustrate the larger size of the mouse metallothionen 

promoter. Molecular weight markers are in lanes 4, 10, 18 and 24.
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2.4 Discussion

The objective of this piece of work was to generate a number of HBV core and pre-core 

expression vector constructs. These HBV genes could then be expressed in a eukaryotic 

cell culture system, in order to generate target cells in HLA class I restricted cytotoxicity 

assays that expressed endogenously processed antigen. In order to do this constructs with 

two different promoters and two different antibiotic resistance markers were used, in order 

to give subsequent experiments flexibility, in terms of quantity of expression (as different 

promoters may have different degrees of activity in different cells) and also in the cell lines 

available for use (Gorman et al. 1982). The two cell lines used were L721.221 and CIR 

(Kavathas et al. 1980; Storkus et al. 1991). A subsequent experiment showed L721.221 

was resistant to histidinol, but CIR was sensitive, necessitating the creation of a hybrid 

vector, with a RSV promoter and encoding for hygromycin resistance. Furthermore as it 

was intended to transfect the cell lines with two different genes (one expressing an HBV 

protein and one an HLA class 1 allele), a choice of selection markers allowed compatibility 

with a greater number of other expression vector constructs. This became apparent when 

a specific CIR cell line transfected with a mutated HLA-A68.1 allele was used. This line 

had already been transfected with a vector which coded for resistance to hygromycin 

(pHEBO), and so transfection of a second allele required an alternative selectable marker. 

So subsequently the pMEP4 and pS constructs were used in L721.221 and the pREP8 

constructs in CIR.

These specific vectors were chosen because the cell lines to be transfected were Epstein- 

Barr virus (EBV) transformed lines and these vectors should replicate efficiently and be 

maintained at high copy number due to the presence of Epstein-Barr nuclear antigen 1 

(EBNAl) binding sites (Chittenden et al. 1989). This would theoretically allow higher 

protein expression, than if an integrating vector was used, the copy number of the latter 

depending on the number of DNA molecules initially electroporated into the cell and then 

the number of copies integrating into the host genomic DNA. Balanced against this was 

the fact that as the vector does not integrate into the cell line, cells would have to be 

grown in selection continuously in order to avoid loss of the vector. As one of the 

hypotheses to be tested was whether cytotoxic T lymphocyte (CTL) responses could be
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elicited in patients with chronic hepatitis B infection, and that these cells were likely to be 

at low precursor frequencies, then it was elected to attempt optimal antigen expression by 

using the EBV based vectors from Invitrogen® (Leek, Holland).

It was hoped to model the role of HBeAg in the CTL response, using expression 

constructs containing the different DNA molecules i.e. to study the relative roles of the 

cytotoxic responses to the pre-core/core and the core products (Liang et al. 1991; Carman 

et al. 1991b; Okamoto et al. 1990). Although the pre-core/core product possesses an 

amino terminal peptide that signals it for export via the endoplasmic reticulum, it may be 

that following synthesis it could still be processed via the HLA class I pathway and so 

peptides derived from the pre-core region of the genome presented to CTL (Schlicht and 

Schaller, 1989). Therefore, both genes were to be used in the transfection experiments.

The general experimental strategy used to generate these constructs was according to 

standard molecular biological techniques (Sanbrook et al. 1989). However, during the 

course of these experiments difficulties were encountered predominantly at the ligation 

step. Other stages of the procedure were relatively straight forward. Several factors 

control ligation efficiency. For a ligation to be performed efficiently the appropriate 

concentrations of vector and insert must be present. The concentrations used were 

according to predetermined guidelines based on the relative sizes of the vector. These 

have been mathematically quantified according to the concentration of free vector and 

insert ends available to interact and so during the course of these experiments optimal 

concentrations of DNA could be maintained. The enzyme used for the ligation reactions 

was T4 DNA ligase. This is a 68kd enzyme encoded by the T4 bacteriophage, which 

catalyses the formation of a phosphodiester bond between the 5'-phosphate and 3'- 

hydroxyl ends of two double stranded DNA termini. The reaction requires energy in the 

form of ATP, as in the initial step a ligase-AMP intermediate is formed, and the AMP 

subsequently transferred to the 5' DNA strand prior to formation of the phosophodiester 

bond with the 3' DNA terminus. This reaction proceeds more efficiently if the ligase is 

repairing a ‘nick’ in the DNA as would be the case in a cohesive ended ligation, however 

is less efficient if the termini are not stabilised by the formation of interchain hydrogen 

bonding as is the case in blunt ended ligations (Higgins and Cozzarelli, 1989). Hence,
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when cloning using blunt ended ligations more colonies were screened in order to find a 

positive one. The efficiency of transformation of bacteria is a further factor in molecular 

cloning. The bacteria used were well characterised strains and were made competent 

using an accepted protocol. The use of keeping bacteria at low temperatures in an 

environment of calcium ions with a subsequent heat shock to 42°C has been shown to 

produce transformation efficiencies of up to 10* transformants per pg DNA (Liu and 

Rashidbaigi, 1990). It may be that the two strains of bacteria used in the protocol had 

different transformation efficiencies, however the efficiency of transformation was not 

formally tested during the current experiments. The problem of the low efficiency of 

cloning of the pre-core/core fragment into pREP8 was circumvented using a more efficient 

colony screening technique rather than increasing the efficiency of the reaction.

The end result of the work of this chapter was therefore to clone the desired genes, both 

core and pre-core/core, into the vectors pMEP4, pREP8 and pS so generate a number of 

constructs suitable for the subsequent experiments.
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CHAPTER 3

TRANSFECTION AND EXPRESSION 

EXPERIMENTS
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3.1 Introduction

The objective of this part of the work was to create a panel of cell lines that expressed 

both the HBV nucleocapsid gene and a given HLA allele matched to the patient being 

studied. The cell lines to be used include the L721.221 cell line and the CIR cell line 

(Kavathas et al. 1980; Storkus et al. 1991). The L721.221 cell line is a B lymphoblastoid 

cell line derived from the L721. B cell line. Using gamma irradiation it has been mutated 

such that it does not express HLA-A, -B or -C. It is however positive for HLA class II 

and has been tissue-typed by serological methods as HLA-DR3, -DQ2 and -DP4. It has 

therefore been used in experiments where it has been desirable to consider single HLA 

class I alleles in isolation (Shimizu and DeMars, 1989).

The CIR cell line has been produced from the HMy.2 B lymphoblastoid cell line by 

selection for HLA class I A and B negativity (Storkus et al. 1989). The tissue type of the 

parental line is HLA-A2, -A3, -B35, -Bw62, -Cw3 and -Cw4. The line expresses normal 

surface levels of HLA-Cw4 and surface levels of HLA-B35 at a level of a few percent of 

normal (Zemmour et al. 1984).

The HLA alleles used throughout these experiments had been originally isolated in the 

Department of Cell Biology, Stanford University, USA. The alleles were cloned from the 

mRNA encoding the transcript for the gene by synthesis of DNA complimentary to the 

mRNA and subsequent cloning into the M l3 phage (Parham et al. 1995). At this stage the 

alleles were sequenced to confirm integrity and specificity. At the Anthony Nolan 

Research Centre the alleles were subsequently cloned into the expression vector pBJneo 

by Miss E Dominguez, before use in the experiments described in this thesis. This 

expression vector has been used for this purpose in previous experiments performed at 

Stanford University, and demonstrated to give adequate expression levels for the purpose 

of cytotoxicity experiments (Gumperz et al. 1995).

It was elected to insert the nucleocapsid gene into the L721.221 before the HLA gene. In 

order to subsequently perform experiments in which responses against dual transfectants 

were compared, it would be necessary to possess cell lines with comparable levels of gene 

expression. As the structural component of the core gene is not expressed on the cell 

surface, although the secretory component is, in order to produce a HBcAg transfectant
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line of uniform expression, it would be necessary to clone the line (Schlicht and Schaller, 

1989). HLA class I molecules are expressed on the cell surface and so cells with 

equivalent levels of expression of HLA class I molecules could theoretically be obtained 

by the more controllable technique of sorting using flow cytometry. Therefore it would be 

more straightforward to create a uniform population of HBcAg expressing cell lines for 

subsequent transfection with the HLA constructs than to perform the transfections in the 

reverse order. The CIR cell line had already been transfected at Stanford University with 

the HLA genes of interest, which were not in our possession and so the HBV genes were 

inserted after the HLA genes (Salter et al. 1989).

During this part of the work the following experiments were performed:

1. Appropriate concentrations of selection agent were determined

2. Transfection conditions were set up

3. HBV genes were transfected into the cell lines

4. Expression of HBV genes was determined

5. Cells positive for the HBV genes were cloned

6. HLA class I genes were transfected into HBV expressing cell lines

7. Expression of HLA genes was determined

8. Cell populations expressing high levels of transfected HLA class I genes were sorted by 

flow cytometry
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3.2 Materials and methods

Throughout this work cells were grown in RPMI medium and 10% foetal calf serum and 

incubated in a 5% CO2 incubator at 37°C unless otherwise stated.

3.2.1 Determining conditions for selection

721.221 cells were plated at a concentration of lOVml and cultured for 14 days in the 

presence of the selection agent under test and counted on Day 7 and Day 14 using trypan 

blue dye exclusion to determine cell viability

3.2.2 Transfection experiments

Transfections were performed by electroporation. Briefly, cells were washed in Ix HEPES 

buffered saline, resuspended in Ix HEPES buffered saline at a concentration of 1-2x10^ 

cells/ml and 500pl of cell suspension put into a 0.4cms electroporation cuvette. Ten 

micrograms of construct DNA was added and the mixture incubated on ice for five 

minutes. An electrical current, of characteristics determined by the titration experiments, 

was applied to this mixture. The cells were then incubated on ice for a further ten minutes 

and then transferred into ten millilitres of tissue culture medium (RPMI and 20% foetal 

calf serum), incubated and selection agent was added after 48 hours. Mock transfected 

cells in which no DNA had been added were included, and expression of the genes was 

tested when the mock transfected cells were dead and enough test cells were available, 

usually two to three weeks.

3.2.3 Testing for expression of HBV genes

Expression of cells for HBV genes was tested for by flow cytometry analysis, 

immunohistochemistry, radioimmunoprecipitation, ELISA and western blotting.

3.2.3.1 Flow cytometry analysis

a) Mouse monoclonal antibody staining

This was performed using a two layer technique using mouse monoclonal antibodies 

(MAb) reported to be specific for the core product (E1G5) and the pre-core/core product
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(E2 and E6) (kindly donated by R B Fems) and evaluation of staining of transfectants 

performed by flow cytometry analysis (Fems and Tedder, 1984; Fems and Tedder, 1986). 

The antibodies were derived from cell culture supernatants, and verification of specificity 

was performed by immunostaining liver sections from chronic hepatitis B positive patients. 

For testing of cell surface expression of HBV genes, 5x10^ cells were stained in dilutions 

of the MAbs ranging from 1:10 to neat for half an hour at 4°C, washed three times, then 

stained with a second layer of fluorescein isothiocyanate conjugated (FITC) sheep anti

mouse IgG diluted 1:50 in complete medium (RPMI). After incubating for half an hour, 

cells were washed three times and resuspended in 1% paraformaldehyde as a fixative.

In order to test intracytoplasmic antigen staining cells were preincubated for ten minutes in 

1% paraformaldehyde as a fixative, then 0.1% saponin (a permeabilising agent) for ten 

minutes, washed and then the above protocol followed, except that both antibody 

incubation steps were in the presence of 0.1% saponin, as well as the relevant antibody. 

No positive controls were available for this part of the protocol, however negative 

controls included transfected cells in which the primary antibody had been omitted and 

untransfected cell lines.

b) Polyclonal rabbit anti-HBc semm staining

A polyclonal rabbit anti-HBc serum (DAKO, Glostmp, Denmark) was used in subsequent 

experiments, again both by surface staining and intracytoplasmic staining techniques. 

Both techniques were similar to above except that initial concentrations of the primary 

antibody ranged from 1:50 to 1:500 and the second layer antibody was FITC conjugated 

swine anti-rabbit F(ab')2 (DAKO, Glostmp, Denmark) used at dilutions from 1:10 to 1:20. 

Again flow cytometry analysis was used for evaluation of staining and similar controls 

included.

c) Flow cytometry analysis was performed on a Becton Dickinson flow cytometer, 

FACscan™ (Oxford, UK), using the Cell Quest™ programme.

3.2.3.2 Immunohistochemistry

To perform immunohistochemistry cytospin preparations of each cell line were made. One 

hundred microlitres of a lOVml cell suspension was spun onto a poly-L-lysine coated slide
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at 200g and allowed to dry for two hours. Slides were then stained according to the 

following protocols

Mouse Monoclonal Antibodies

a) Immunoperoxidase method.

Cytospins were incubated in a moist chamber for 10 minutes in normal rabbit serum

(mouse MAbs) diluted 1 in 100 in phosphate buffered saline (PBS). The first layer

antibody was applied at the appropriate dilution and incubated for 45 minutes. The 

sections were rinsed and the rabbit anti-mouse antibody/immunoperoxidase conjugate 

(DAKO, Glostmp, Denmark) diluted 1 in 100 PBS containing normal horse semm 1 in 25, 

was added. Sections were incubated for 30 minutes, rinsed, and developed with 3,3'- 

diaminobenzidine. They were then rinsed, counterstained in Harris’ haematoxylin and 

mounted in DPX.

b) Alkaline phosphatase anti-alkaline phosphatase (APAAP) method.

Cytospins were incubated in a moist chamber for 10 minutes in normal rabbit semm

(mouse MAbs) diluted 1 in 100 in phosphate buffered saline (TBS). The first layer

antibody was applied at the appropriate dilution and incubated for 45 minutes. The 

sections were then rinsed in Tris-buffered saline (TBS), and the first layer MAb diluted in 

TBS applied for 45 minutes. Sections were rinsed and the second layer, rabbit anti-mouse 

immunoglobulin (DAKO, Glostmp, Denmark) was applied for 30 minutes. After rinsing 

again, the mouse alkaline phosphatase/anti-alkaline phosphatase conjugate (DAKO, 

Glostmp, Denmark) was applied for 30 minutes. Following further rinsing, colour was 

developed with a solution containing levamisole, naphthol and fast red. Sections were 

then counterstained in Harris’ haematoxylin and mounted in PBS/glycerol 1:9.

Rabbit polyclonal semm

Protocols for both immunohistochemical stains were similar except for the following 

modifications: the first incubation for both techniques was in the presence of normal swine 

semm diluted 1:100; in the immunoperoxidase, the second layer antibody was a swine 

anti-rabbit mouse antibody/immunoperoxidase conjugate; in the APAAP the bridging

75



antibody was a swine anti-rabbit immunoglobulin and a rabbit alkaline phosphatase/anti- 

alkaline phosphatase conjugate was used.

3.2.3.3 Radioimmunoprecipitation

Experiments were performed on 4x10^ cells per line. Cells were washed in cysteine and 

methionine free medium (Gibco-BRL, Paisley, UK), resuspended in the same medium with 

10% foetal calf serum at 10 /̂ml and incubated for 90 minutes. The medium was changed 

once and 60|iCi methionine/lysine per 10  ̂ cells added. Cells were incubated for six 

hours, lysed with 1% NP-40, in 150mM NaCl, 50mM Tris HCl (pH7.5) and 0.1 mM 

PMSF and spun at 10,000g for 10 minutes. The lysate was kept for the 

immunoprécipitation procedure.

a) Preclearing

To 1ml of lysate was added 200p,l of washed 10% Staphylococcus Aureas Cowan (SAC) 

and 6 2 .5 |i l  of normal rabbit serum. This was incubated for 1 hour at 4°C and then spun at 

10,000g for 10 minutes. The supernatant was transferred to a clean tube and these steps 

repeated using 5 0fil SAC with 62.5|li1 normal rabbit serum. These steps were repeated 

once more and the supernatant kept for the immunoprécipitation.

b) Imunoprecipitation

To 500p.l supernatant was added 2|li1 rabbit polyclonal anti-HBc serum (DAKO) and SOpl 

SAC. After incubating at 4°C for one hour the pellet was spun down and washed twice in 

0.1% SDS, 0.5% Na deoxycholate, 1% bovine serum albumin, 20mM Tris HCl (pH 7.6), 

lOOmM NaCl, 0.5% NP-40, lOmM EDTA. Two further washes were performed in 0.5% 

NaCl, 20mM Tris HCl (pH 7.6), lOOmM NaCl, 0.5% NP-40, lOmM EDTA and the final 

pellet kept for analysis. A negative control immunoprécipitation was performed by 

substituting normal rabbit serum for the antibody in the first step.

c) Analysis

To the pellets was added 50pl of load buffer (0.125M dithiothreitol, 50mM TrisHCl 

(pH8), 2% SDS, 10% glycerol, 0.25% bromophenol blue diluted 2:1 in distilled water).
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The pellets were heated at 95°C for five minutes spun and the supernatant loaded onto a 

10% SDS-PAGE gel. The gel was developed by autoradiography.

3.2.3.4 ELISA

The Wellcozyme eAg/anti-e™ (Murex Diagnostics®, Dartford, Kent) kit which detects 

both HBcAg and HBeAg was used. For testing of secreted protein, cell culture 

supernatant was applied directly into the test well, or for non-secreted protein cells were 

lysed with 50pl 1% NP-40 in 50mM Tris-HCl (pH7.5) and 150mM NaCl, spun at 10,000g 

for ten minutes and the supernatant applied onto the well. For each assay lOOpl of sample 

(for cell lysates, 50pl of lysate was added to SOpl of 50mM Tris-HCl (pH7.5) and 150mM 

NaCl) were applied to the test well, incubated with SOpl of anti-HBe conjugated to 

horseradish peroxidase and incubated in a moist environment at 37°C for 90 minutes. 

Wells were washed six times with wash fluid and the substrate 3,3',5,5'- 

tetramethylbenzidine added. After 30 minutes incubation 2N sulphuric acid was added as 

a stop solution and the absorbance at 450nm read. Positive wells were those with an 

absorbance greater than 0.1 OD unit above the negative controls. For these experiments 

untransfected negative control cell lines were included as well as the manufacturers serum 

positive and negative controls. Verification that this ELISA recognised HBcAg as well as 

the HBeAg was performed using recombinant HBcAg from Wellcome laboratories.

3.2.4 Selection of higher expressing HBV cell lines

Cells were cloned by limiting dilution at 0.3, 1, 3 and 10 cells per well in a flat bottomed 

96 well plate in RPMI, 10% foetal calf serum, 20% conditioned medium from a 721.221 

cell line and the appropriate selection agent.

3.2.5 Expression of HLA genes

Expression was tested by staining with the HLA class 1 specific monoclonal antibody 

W6/32 (Barnstable et al. 1978). Cells were incubated for 30 minutes at 4°C in W6/32 

diluted 1:10 in RPMI. Following three washes a second layer of FITC conjugated sheep 

anti-mouse immunoglobulin (diluted 1:50 in RPMI) was added, incubated for 30 minutes
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then washed three times. Cells were fixed in 1% paraformaldehyde until analysis by flow 

cytometry. Positive (B lymphoblastoid cell line) and negative (L721.221 or CIR) control 

cell lines were included and negative antibody controls included omission of the first layer 

antibody and staining with an irrelevant antibody (mouse anti rabbit immunoglobulin).

3.2.6 Selection of higher HLA expressing cell lines

Between 5x10^ and 10  ̂cells were stained with W6/32 and FITC conjugated sheep anti

mouse antibody as above, but were resuspended in RPMI and 10% foetal calf serum 

instead of being fixed. Cell lines expressing higher levels of HLA class I were then sorted 

by flow cytometry (Becton Dickinson, Oxford, UK). The positively sorted cells were 

transferred into RPMI and 10% foetal calf serum and the appropriate selection agent 

added after 48 hours.
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3.3 Results

3.3.1 Selection experiments

3.3.1.1 Hygromycin

L721.221 cells were grown in RPMI, 10% foetal calf serum and hygromycin at 

concentrations ranging from 0 to lOOOpg/ml. After seven days cells viability was 

determined by trypan blue dye exclusion (Table 3.1)

Hygromycin concentration (|ig/ml) alive dead

0 44% 56%
62.5 33% 67%
125 0% 100%
250 0% 100%
500 0% 100%
1000 0% 100%

Table 3.1: Hygromycin titration of L721.221 cell line

It was concluded that hygromycin at a concentration of 125|u,g/ml could be used for 

positive selection of transfectants.

3.3.1.2 Histidinol

A parallel experiment on L721.221 cells was performed for histidinol, except that because 

of resistance to this selection agent the range of concentrations was increase from 0 to 

lOmg/ml and counts were performed up to 14 days (Tables 3.2a and 3.2b). No consistent 

killing of L721.221 by histidinol at day 5 was observed. At day 14 killing was observed at 

concentrations of 2.5mg/ml and above, however these were not complete and because of 

the potential growth advantage of untransfected over transfected cells, it was elected not 

to use histidinol for selection of L721.221 transfectants.
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Histidinol concentration (pg/ml)

Day 7 Day 14

alive dead alive dead

0 33% 67% 77% 23%
62.5 13% 88% 47% 53%
125 31% 69% 50% 50%
250 23% 77% 60% 40%
500 43% 57% 25% 75%
1000 33% 67% 14% 86%

Table 3.2a

Histidinol concentration (mg/ml)

Day 5 Day 14

alive dead alive dead

0 77% 23% 67% 33%
1 14% 86% 43% 57%

2.5 0% 100% 0% 100%
5 11% 89% 6% 94%
10 50% 50% 14% 86%

Table 3.2b

Tables 3.2a and 3.2b: Histidinol titrations of L721.221 cell line

3.3.1.3 G418

Although previous experiments in our laboratory had shown that an appropriate 

concentration of G418 to use for selection of L721.221 transfected with pBJneo was 

Img/ml this was checked by a titration experiment similar to the ones above, although 

cells were checked only at day 8 for viability. (Table 3.3)
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G418 concentration (mg/ml) alive dead

0 52% 48%
0.125 42% 58%
0.25 47% 53%
0.5 38% 62%
1 0% 100%

2.5 0% 100%

Table 3.3: G418 titration of L721.221 cell line

3.3.1.4 CIR cells

The CIR cell lines used in this project were already transfected with HLA genes one line 

with A68.1 in pBJneo (resistant to G418) and the other with A68m245 (a site directed 

mutant of A68.1) in pHEBO (resistant to hygromycin) and these were successfully 

checked for resistance to the appropriate selection agent at 1 mg/ml and 125pg/ml 

respectively). Both these lines were also found to be sensitive to histidinol at a 

concentration of 2mg/ml.

3.3.2 Transfection experiments

Successful transfection depends on the peak and width of the electrical pulse passed 

across the cells, and this is determined by the voltage passed across the cuvette and the 

resistance and capacitance of the electroporation circuit. Therefore, in order to maximise 

transfection efficiency, optimal electroporation conditions were determined by titration 

experiments performed in duplicate. Optimal conditions for electroporation of DNA into 

L721.221 occur when cell viability 24 hours after electroporation is about 50% (Knutson 

and Yee, 1987). Cells were resuspended at 10 /̂ml in Ix HEBS and 0.5mls used in the 

electroporation using a 0.4cms cuvette. Results of the titration are given in Tables 3.4a 

and 3.4b and also illustrated in Figure 3.1:
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Volts

Resistance ocf2 Resistance 5000

% alive % alive

0 85 88 85 88
150 79.56 -

180 64.82 81.38
200 71.33 63.82
210 69.86 -

220 76.99 69.70
230 73.77 -

240 52.17 61.04
250 34.32 -

260 26.06 49.30
270 38.46 -

280 35.58 45.03
300 25.19 -

Table 3.4a: Electroporation titration of L721.221 cell line and the effect of a change in

resistance within the electroporator on cell viability at 24 hours

Capacitance p,F % alive

Control 85 88
1000 35.58
500 77.83
250 72.25

Table 3.4b: The effect of a change in capacitance within the electroporator on cell

viability at 24 hours
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Figure 3.1: Electroporation titration at lOOOfiF and infinity ohms (squares); and lOOOfaF 

and 500 ohms (circles).

From these results it was determined that optimal conditions for electroporation would be 

240V, lOOOfiF and infinity ohms, and these conditions were therefore used throughout for 

the rest of the transfection experiments for L721.221.

A titration experiment was also performed for the CIR  cell line at lOOOpF and infinity 

ohms. Results are shown graphically in Figure 3.2. The titration suggested that 

approximately 235 volts would be optimal and therefore these conditions were selected for 

the C IR  line.
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Figure 3.2: electroporation titration of CIR cells at lOOOpF and infinity ohms.

3.3.4 Transfection of L721.221 cell line

Following the titration experiments L721.221 was transfected with lOpg o f the HBc (pSC 

and pMEP4-C), the HBe constructs (pSE and pMEP4-E) and the vectors alone (pS and 

pMEP4) alone. Mock transfected cells in which no DNA was present were included 

After 48 hours selection agent (hygromycin 125pg/ml) was added to all the cultures and 

the cells fed as necessary with RPMI supplemented with 10% foetal calf serum and 

hygromycin. Seven days after transfection, the mock transfectants were dead and growing 

cells were clearly visible in transfected wells.

3.3.5 L721.221 expression experiments

3.3.5.1 HBcAg expression in L721.221

Detection of expression was attempted by a number of methods including 

immunohistochemistry of cytospin preparations, flow cytometry analysis (using an 

intracytoplasmic staining protocol), radio-immunoprecipitation and ELISA of cell culture 

supernatants and cell lysates. Using the HBe/anti-HBe ELISA from Wellcozyme^^ 

expression could be detected in cell lysates of transfectant cell lines after 21 days in 2x10^ 

cells (Table 3.5). Antigen was also weakly detectable in the cell culture supernatants,
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which probably represents antigen released from dead cells rather than antigen exported 

from the cell (Guilhot et al. 1992)

Cell lysate (OD 450nm)

Positive control human serum 2.152
Vector alone transfectant 0.095

HBc transfectant 1* 3.01
HBc transfectant 2* 3.065

Table 3.5: results of ELISA of L721.221 transfectants 21 days after transfection with the 

HBc gene (positive result are optical densities (OD) more than 0.1 greater than 

the negative control (vector alone transfectant). Positive transfectants are 

denoted with an asterisk.

Confirmation of this result was attempted using intracytoplasmic staining and flow 

cytometry analysis using the monoclonal anti-HBc (E1G5) and anti-HBe (E2 and E6) 

antibodies at dilutions varying from neat to 1:50. Negative controls in which cells were 

transfected with the vector (pS) alone were included. However no positive results were 

obtained. Similarly using the commercial rabbit anti-HBc serum as a first layer, then no 

positive results were obtained. Following these experiments confirmation of expression 

was attempted using radioimmunoprecipitation, and using with rabbit polyclonal serum, 

however again no positive results were obtained.

3.3.5.2 HBeAg expression in L721.221

Transfection experiments were performed as for the HBcAg, however only low levels of 

HBeAg as determined by ELISA were demonstrable in the cell culture supernatant, which 

could have been due to liberation of antigen from dead cells, as opposed to secretion of 

HBeAg by the cells and it was not possible to detect cell surface expression of HBeAg by 

immunostaining. Experiments with HBeAg were therefore discontinued.
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3.3.6 Cloning of transfectants

Higher expressing transfectant lines as determined by ELISA were selected for cloning by 

limiting dilution. When the cells bad reached the six well stage, the 10̂  cells from each 

line were screened for expression by ELISA. The strongest expressing lines were selected 

for further experiments (Table 3.6).

Line OD

Controls Positive serum control 1.275
Negative serum control - 0.091

pS control Ivsate 0.065
pSC parent line Ivsate 1.594

Test samples pS-C clone Ivsate 1.354
pMEP-C clone Ivsate 0.667

Table 3.6; Results of ELISA of L721.221 transfectant clones. Samples are named as 

follows: “pS” or “pMEP” are the vector names, “C” refers to the HBV gene 

transfected.

As the strongest expressing transfectant was the pSC line, it was this line that was used for 

subsequent transfection experiments with the HLA gene.

3.3.7 Insertion of HLA genes.

The L721.221/pSC (HBc) and L721.221/pS (vector alone) lines were transfected with the 

following HLA genes: A*0201, B*0702, B*3501, B*5001, B*5101. These genes were 

selected in order to study specific patients who bad already been tissue typed. 

Transfection conditions were the same as for the HBV genes, and cells were maintained in 

medium containing 10% foetal calf serum, hygromycin at 125ng/ml and G418 at 1 mg/ml. 

When cells bad reached the six well stage following transfection they were checked for 

expression by staining with the anti-HLA class I monoclonal antibody W6/32 and analysed 

by flow cytometry. Results of the flow cytometry analysis of the A*0201 transfectant

86



lines are given in Figures 3.3, 3.4 and 3.5. Similar results were obtained for the other 

HLA constructs and for the L721.221/pS cell lines.
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Figure 3.3: Percentage of cells staining positive for HLA class I in each L721.221/A*0201/pSC cell line. Six transfectant 

lines were tested. Negative controls included the L721.221/pSC line not transfected with an HLA gene and 

omission of the first layer primary antibody. An EBV transformed B-lymphoblastoid cell line (“Kose”) was used 

as a positive control cell line. Cells were positive if their fluorescence when stained with W6/32 was greater than 

the fluorescence of 99.5% of the cells from the negative control cell line.
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Figure 3.4: Mean fluorescence of cells staining positive for HLA class I in each L721,221/A*0201/pSC cell line. These

results are form the same experiment as Figure 3.3. Positivity was determined using the same parameters as for 

figure 3.3.
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3.3.8 Selection of higher expressing dual transfectant lines

Higher expressing dual transfectant cell lines were checked for HBc expression, where 

appropriate, and sorted using the flow cytometer by Dr M. Lowdell. This increased the 

percentage of cells positive for HLA class I expression to nearly 100%. If expression 

declined over time then cells were re-sorted to ensure that higher expressing populations 

were maintained (Figures 3.5 and 3.6). The lines L721.221/B*5001/pSC, L721.221/pS/- 

B*3501 and L721.221/pSC/B*3501 are not included in this experiment, as they were 

transfected and stained at a later date (see table 3.7).

Before sorting After sorting

% positive mean fluorescence 

of positive cells

% positive mean fluorescence 

of positive cells

L721.221 0.33 34.57 0.48 77.13

b48g3 81.47 30.92 84.92 81.69

B*3501/pSC 91.5 36.63 90.65 4479

B*3501/pS 46.97 44.93 94.98 4671

B*5001/pSC 59.2 45.01 - -

Table 3.7: Flow cytometry analysis of B*3501 and B*5001/pSC transfectants stained 

with the antibody W6/32. The cell line b48g3 is a known positive HLA class I 

transfectant of L721.221, and was therefore used as a positive control. The 

line L721.221/B*5001/pSC was not sorted.
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Figure 3.5: Staining of L721,221/HLA/pS dual transfectant lines. Black bars represent cells stained without primary antibody, 

white bars are cells stained with an irrelevant antibody and hatched bars are cells stained with W6/32. An HLA 

class I positive control cell line (Kose) and HLA class I negative control cell line (L721.221) are included.
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Figure 3.6; Staining of L721.221/HLA/pSC dual transfectant lines. Black bars represent cells stained without primary 

antibody, white bars are cells stained with an irrelevant antibody and hatched bars are cells stained with W6/32. 

An HLA class I positive control cell line (Kose) and HLA class I negative control cell line (L721.221) are 

included.
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3.3.9 Transfection of the CIR cell lines

CIR cells were used which had previously been transfected with HLA genes. Two lines 

were used one with HLA-A68.1 in pBJneo and another with HLA-A68. Im245 (this gene 

is the naturally occurring HLA-A68.1 gene, but has had amino acid residue 245 mutated 

from alanine to valine in order to increase binding of the HLA molecule to the CD 8 

molecule) (Salter et al. 1989). The A68m245 was in pHEBO an EBV based vector. 

Untransfected CIR cells as well as the HLA transfectants were electroporated with the 

pREP8-core construct and the pREP8 vector at 235 volts, lOOOjuF and infinity 

resistance. Histidinol was added at 48 hours. Five weeks after transfection 10̂  cells 

were lysed were assayed for expression by ELISA (Table 3.8)

OD

Positive serum control 1.566
C1R/A68.1/PR 0.100
ClR/A68m245/pR 0.067
CIR/dRC/1* 3.060
C1R/dRC/2* 2.894
ClR/oRC/3* 2.698
C1R/A68.1/PRC/1* 3.177
C1R/A68.1/PRC/2* 3.243
ClR/A68.1/pRC/3* 3.341
ClR/A68.1m245/pRC/l* 3.750
C1R/A68. lm245/pRC/2* 3.754
ClR/A68.1m245/pRC/3* 3.817

Table 3.8: Expression of CIR dual transfectant cell lines 5 weeks after transfection. The 

nomenclature of the cell lines is denoted by: first the cell line, then the HLA 

gene, then the vector (pREP8 is abbreviated to pR) and finally the HBV gene 

(HBcAg is abbreviated to “C”). An asterisk denotes a positive result.
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The higher expressing lines were immunostained with polyclonal rabbit anti-HBc, by the 

APAAP technique. Result for the ClR/pRC/1 line are shown in Figure 3.7.

The following lines were kept and cloned by limiting dilution ClR/pRC/1, 

C1R/A68. l/pRC/3 and ClR/A68m245/pRC/3. Cells grew out at one cell per well. Lines 

were screened by ELISA and the results of the higher expressing lines used in 

subsequent experiments are shown in Table 3.9.

OD

Positive serum control 1 302
CIR/A68.1/PR 0.092
ClR/pRC 1.143
C1R/A68.1/PRC 2.735
ClR/A68.1m245/pRC 1.025

Table 3.9: Expression of CIR transfectant cell lines following cloning.

The CIR dual transfectants were immuno stained stained with the anti-HLA class I 

monoclonal antibody W6/32 and higher expressing lines sorted out by flow cytometry 

(Figure 3.8). Following checking of expression by flow cytometry and immunostaining 

the lines were used in the T-lymphocyte culture experiments
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Figure 3.7: Photomicrograph of the immunostaining of the untransfected CIR cell

line(top) and the CIR line transfected with the HBc gene (bottom), using 

polyclonal rabbit anti-HBc serum and the APAAP technique (x400). 

Positive cells are red (marked with arrows).
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Figure 3.8; Staining of CIR-HLA dual transfectant lines. Black bars represent cells stained without primary antibody, white 

bars are cells stained with an irrelevant antibody and hatched bars are cells stained with W6/32. An HLA class I 

positive control cell line (Kose) and CIR cells are included as a negative control cell line.

96



3.3.10 Summary of results

At the end of these experiments the following single transfectant cell lines had been 

generated:

I. L721.221/pS

II. L721.221/pS-core

III. L72I.221/pMEP4

IV. L721.221/pMEP4-core

V. ClR/pREP8-core

The following dual transfectants were also generated:

I. In L721.221/pS-core and L721.221/pS

A. A*0201

B. B*0702

C. B*3501

D. B*5001

E. B*5101

II. In C1R/A68 and C1R/A68m245

A. pREP8

B. pREP8-core
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3.4 Discussion

The creation of the dual transfectant cell lines is of central importance to the overall aims 

of the project. Initial experiments were designed to establish transfection and culture 

conditions for the generation of these lines. Selection experiments demonstrated that 

L721.221 could not be killed by histidinol and therefore that selection could not be used 

to select out transfectants. This meant that the pREPS constructs would not be suitable 

for use in the L721.221 cell line and hence it was necessary to put the RSV promoter 

from the pREPS vector into the pMEP4 vector in order to create what was expected to 

be a vector with higher expression that conferred hygromycin resistance on positive 

transfectants. Higher ELISA readings were obtained from the pS transfectants than the 

pMEP transfectants and therefore the former were used for subsequent experiments. 

L-Histidinol inhibits protein synthesis by reversibly inhibiting histidyl-tRNA synthetase 

and this inhibition can be overcome by addition of excess L-Histidine (Hansen et al. 

1972; Warrington et al. 1977). Concentrations used in my experiments were similar to 

and in excess of those previously described (Hartman and Mulligan, 1988). Resistance 

to L-Histidinol has been noted in Chinese hamster ovary cells and is thought to be due to 

upregulation of the gene for histidyl-tRNA synthetase (Tsui et al. 1985). This hypothesis 

was not tested in the L721.221 cell line. Hygromycin and G418 were both acceptable 

for the selection of positive transfectants. In the CIR cell line histidinol could be used 

for selection of transfectants and was used in combination with hygromycin or G418 in 

the dual transfectant lines.

The transfection experiments demonstrated the utility of electroporation as the method 

of choice, although conditions for lipofection were not fully tested. The transfection 

titrations showed that a decrease capacitance or resistance within the electroporator led 

to greater cell viability at 24 hours, due to a shorter pulse width being given to the cells. 

The use of a 50% cell viability at 24 hours as a means of selecting the electroporation 

conditions for L721.221 as suggested by Knutsen and Yee was validated by subsequent 

successful transfection experiments (Knutson and Yee, 1987).
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Following transfection of the L721.221 cell line by the HBc gene expression was difficult 

to validate by the immunohistochemical techniques employed. Although a number of 

different fixation methods were employed to detect the HBc antigen with both 

monoclonal and polyclonal antibodies, these were only successful in the CIR 

transfectants and not the L721.221. This suggests that lower levels of expression were 

obtained in the L721.221 cell line. The reasons for this are not clear, however it may be 

related to the copy number at which the construct is maintained in each cell line (Yates et 

al. 1985). Expression was easily detectable in cell lysates by ELISA using the HBe/anti- 

e kit. This method was chosen to allow rapid screening of several cell lines 

simultaneously.

Stable transfection of the HBe constructs in the L721.221 line was not obtained, and 

even after transient transfection little secreted HBe was detectable in the supernatant by 

ELISA, although immunoreactive nucleocapsid product was detectable in cell lysates. It 

is questionable as to whether HBe was produced at all as the ELISA does not distinguish 

between HBe and HBc. However, as the first start codon in the sequence cloned into 

the HBe constructs was for the HBe product then more should have been produced than 

the non-secretory (HBc) product. In natural infection the HBe is produced after 

cleavage of peptides from the amino- and carboxyl-terminal ends, and it is unknown as to 

whether this cleavage occurs in the L721.221 cell line. If it does not then the HBeAg 

may not be targeted to the endoplasmic reticulum for secretion, and hence is not 

detectable in the culture supernatant. Furthermore it was possible to demonstrate the 

presence of membrane staining of HBe by either flow cytometry or 

immunohistochemistry as has previously been described, even in the short term 

transfectants which were positive by ELISA (Guilhot et al. 1992). If this had been 

successful then the line produced would have provided a useful model for antibody 

dependent cellular cytotoxicity, as well as for the investigation of HLA class I restricted 

responses.

Following transfection of the HLA genes dual transfectant lines were generated, 

expressing HBcAg and also the appropriate HLA gene. Selection of the HLA genes to
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tansfect was chosen on the basis of patients who had been tissue-typed and also on the 

availability of HLA genes in our laboratory. Following transfection, flow cytometry was 

used to study the distribution of the cell population with respect to HLA class I 

expression. Prior to sorting it could be seen that two populations (a positively 

expressing and negatively expressing population) co-existed. The flow cytometer 

allowed positive selection of the higher expressing population for further culture and the 

shift in HLA expression of the various cell populations can be seen in figure 3.9.

The work of this chapter shows that using two different selectable markers, stable HBc/ 

HLA class I dual transfectant cell lines can be created. In the context of this work it was 

necessary to do this in order to create target cell lines for subsequent experiments, 

because HLA class I presents peptides derived from endogenous proteins. It is assumed 

that because the HBc is endogenously produced it will be processed and presented down 

the HLA class I pathway, however this can only be confirmed using peptide elution form 

the class I molecule, or inferred from functional assays.
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linear fluorescence 
(FITC)

Figure 3.9: Frequency histogram from flow cytometry analysis of HLA class I

expression of untransfected L721.221 (A), unsorted L721.221/6*0702/- 

pSC (B) and L721.221/pSC/-B*0702 after sorting by flow cytometry (C). 

Cells were stained with W6/32 (1:10) and sheep anti-mouse IgG (1:50). 

The increase in HLA class I expression following transfection and 

subsequent enrichment of the cell population for the higher HLA class I 

expressing cells following sorting are demonstrated.
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CHAPTER 4

CYTOTOXICITY ASSAYS IN CHRONIC HBV

CARRIERS
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4.1 Introduction

The cytotoxic T-lymphocyte response to hepatitis B is thought to be crucial in the 

clearance of hepatitis B and also in the immunopathogenesis of the disease (Ferrari et al. 

1991b; Nayersina et al. 1993; Moriyama et al. 1990; Ishikawa et al. 1991).

HLA class I restricted responses are more easily detectable in patients with acute than 

chronic hepatitis B, suggesting that in patients with chronic infection loss of these 

responses may be one of the underlying mechanisms leading to chronicity (Penna et al. 

1991). However, viral replication does not proceed unchecked in patients with chronic 

infection. In particular anti-HBe positive patients have low levels of HBV DNA, and 

HBeAg positive patients although they may have high levels of viral replication, do not 

undergo the aggressive clinical course seen in immunosuppressed liver transplant 

patients, which is thought to be due to uncontrolled viral replication in an 

immunodeficient state (Benner et al. 1992; Mason et al. 1993). The hypothesis to be 

tested was that patients with chronic HBV infection do possess HLA class I restricted 

CTL responses and the objective of this part of the work was therefore to use the dual 

transfectant cell lines to elicit these responses, in order to document their presence and 

look for new HLA restrictions. It was also hoped to study comparative responses 

against different alleles in the same patient, to see if responses were focused 

preferentially on peptides presented by one allele.

Selection of patients for the study was determined by having the appropriate alleles 

available for the transfection. Most alleles in our possession were from the Caucasian 

population, meaning that Caucasians were targeted. As hepatitis B is endemic in Sub- 

Saharan Africa and Southeast Asia, this meant that only a relatively small proportion of 

hepatitis B carriers could be studied. Furthermore the majority of the patients studied 

were infected in adulthood, either through sexual transmission or drug usage, rather than 

neonatal infection, which may have implications on the reasons for chronicity.

This chapter details the setting up of the culture conditions for the generation of 

cytotoxic T-lymphocytes, the setting up of the cytotoxicity assay, the lymphocyte culture
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and the results of the cytotoxicity assays. As in the past it had been difficult to generate 

HBV specific CTL from the peripheral blood of patients with chronic hepatitis B 

infection, the setting up of conditions for the generation of HBV specific CTL using the 

dual transfectant lines was an area which required great attention. Initial lymphocyte 

culture experiments were designed to look at culture conditions in a number of ways, 

including the use of phytohaemagglutinin to non-specifically stimulate all T-lymphocytes. 

Subsequent experiments were based more closely on published methods until a working 

assay was obtained (Guilhot et al. 1992).

The nomenclature of the transfected cell lines throughout this and subsequent chapters is 

as follows:

cell line...HLA gene...vector...HBV gene

i.e. 721.221...A*0201...pS...C

or C IR ... A68.. .pR.. .C (where pREP8 is abbreviated to pR).
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4.2 Materials and methods

4.2.1 Lymphocyte preparation

Peripheral blood mononuclear cells were prepared from the peripheral blood of patients 

by centrigfugation on a ficoll density gradient. Peripheral blood was diluted one to one 

with RPMI, layered onto the ficoll and spun for 20 minutes at 2000 rpm (400g). The 

cells were removed and washed three times in RPMI, counted and resuspended in foetal 

calf serum containing 10% dimethylsulphoxide at a concentration of lOVml. Cells were 

cooled at a rate of 1°C/minute in a freezing box to -70°C overnight and then stored in 

liquid nitrogen until use.

4.2.2 Lymphocyte culture

All lymphocytes were cultured in RPMI and 10% human AB serum. Recombinant 

interleukin-2 and phytoheamaglutinnin were purchased from Boerhinger-Mannheim 

(Lewes, UK). Stimulator cells were the dual transfectants created and had been 

irradiated at 9000 rad (L721.221) or 6000 rad (CIR).

The following synthetic peptides were used: an HLA-A68.1 defined HBV nucleocapsid 

CTL epitope (STLPETTWRR), an HLA-A2 defined HBV nucleocapsid CTL epitope 

(FLPSDFFPSV) and an HLA-A68.1 defined influenza CTL epitope (KTGGPIYKR) 

(Missale et al. 1993; Bertoletti et al. 1993; Cerundolo et al. 1991). Peptides were 

synthesised by Dr B Ramesh using Fmoc chemistry on solid phase and were used at 

lO^iM unless otherwise stated. All cultures were performed in duplicate unless 

otherwise stated.

4.2.3 Cytotoxicity assays

Effector cells were counted using a haemocytometer and plated out in RPMI containing 

10% AB serum in sterile 96-well round-bottomed plates. Two million target cells were 

harvested and resuspended in 500 |l i 1 of AB serum. They were labelled for one hour with 

lOOjLiCi of ^^NaCr04 at 37°C, washed twice, counted and then resuspended at the 

appropriate concentration. If cold targets were used they were then added to the
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effector cells prior to addition of the hot target cells. Hot targets were added in initial 

experiments at 10"̂  cells/well, but in order to increase effector target ratios whilst 

maintaining the same number of effector cells required, 5x10^ target per well were used 

in later experiments. Spontaneous release was calculated from wells in which lOOp.1 

medium and no effectors were added, and total release from wells in which lOOpl of 1% 

Triton X-100 had been added to the targets. The total volume for both the control and 

test wells was 200pl. At least eight replicates of spontaneous and total release wells 

were made. Plates were incubated for four hours in a 5% CO2 incubator at 37°C, the 

plates spun and 50pl of the supernatant carefully removed without disturbing the cell 

pellet. The activity of this supernatants was measured by the addition of 200pl of liquid 

scintillant and counted in a P emission counter (Wallac®, Turku, Finland). All assays 

were performed in duplicate, with each cytotoxicity value being the mean of triplicates 

unless otherwise stated. Percentage of specific cytotoxicity was determined by the 

following formula;

Percent specific cytotoxicity = measured release-spontaneous release x 100

total release-spontaneous release

Spontaneous release was always less than 30% of total release.

4.2.4 Tissue typing

All tissue typing was kindly performed by Mr I Scott using a standard microcytotoxicity 

assay.
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4.3 Patients

Patient details are given in Table 4.1. Experiments were initially set up on patients who 

had recovered from acute hepatitis, as those were thought to represent the population 

most likely to have detectable CTL responses and would therefore serve as positive 

controls (Rehermann et al. 1996c). PN and treated successfully and PF unsuccessfully 

with interferon alpha.

107



Name HLA-A HLA-B HBV status ALT HBV DNA liver biopsy HBV status

SG 1,2 8, 40 HBsAg neg 20 neg nd Recovered acute

DO 3, 29 7, 44 HBsAg neg 24 neg nd Recovered acute

SD 3, 32 8,35 HBsAg neg 51 neg nd Recovered acute

DM 10, 28 7, 17 HBsAg/HBeAg pos 

HBcAg IgM pos

2727 nd nd Acute

MA 2, 11 35,61 HBsAg/ anti-HBe pos 15 neg nd Chronic

EH 2, 28 35,51 HBsAg/ anti-HBe pos 67 neg inactive cirrhosis Chronic

RP 2,3 18, 51 HBsAg/ anti-HBe pos 28 neg mild hepatitis Chronic

MW 2,3 7, 44 HBsAg/ anti-HBe pos 57 neg chronic active hepatitis Chronic

HL 2, 24 7,51 HBsAg/ anti-HBe pos 87 neg chronic active hepatitis Chronic

PN 2,30 7, 18 HBsAg/ anti-HBe pos 21 neg nd Chronic

PF 1,2 7, 13 HBsAg/ HBeAg pos 230 1680 chronic active hepatitis Chronic

Table 4.1: Characteristics of the patients studied during the work of this chapter. HBV DNA was tested by the bDNA assay 

(chapter 2) and the letters “nd” indicate not done.
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4.4 Results

4.4.1 Culture conditions

Initial experiments were performed in order to determine the optimal culture conditions 

for the generation of HBV specific CTL using peripheral blood lymphocytes stimulated 

with the L721.221 HLA/HBV dual transfectant cell lines. Two patients were tested, SG 

(HLA-A2) and DG (HLA-B7), both of whom had recovered from acute hepatitis B and 

were HBsAg negative. Experiments were designed to study the responder:stimulator 

ratios of the lymphocyte cultures, the timing and quantity of IL-2 addition and the use of 

PHA as an initial non-specific stimulus to expand what were thought to be low frequency 

CTL.

The culture conditions tested were as follows: responder:stimulator ratios ranging from 

5:1 to 1:2.5; the addition of IL-2 at concentrations varying from 10-50 iu/ml at days 

three and seven, or day seven alone; and the use of PHA at 200ng/ml on day 0. 

Cytotoxicity experiments were performed on day 11 using the following targets: 

L721.221/A*0201/pSC, L721.221/A*0201/pS and L721.221/pSC (SG); or L721.221/- 

B*0702/pSC, L721.221/B*0702/pS and L721.221/pSC (DG). The results of these 

initial experiments showed that cytotoxicity against all target cells occurred at effector to 

target ratios ranging from 10:1 to 100:1, in all conditions tested. This suggests that the 

cytotoxicity was not specific to HBV or restricted to peptides presented by HLA class I. 

Flow cytometry analysis performed on day 19 of the cultures demonstrated that CD8- 

positive lymphocytes were present in the cultures using both IL-2 and PHA based 

protocols (Table 4.2). A smaller percentage of lymphocytes were CD8-positive in the 

PHA stimulated cultures. These results show that the absence of specific killing of the 

HBV/HLA dual transfectant line was not due to a primary absence of CD8-positive 

lymphocytes, but may have been due to any HBV specific responses being swamped by 

other cytolytic responses against the target cells, such as natural killer cell activity or 

CD4-mediated lysis.
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IL-2 PHA

CD3 53.3% 90.3%

CD4 19.0% 75.4%

CD8 35.4% 14.8%

CD4/CD8 ratio 0.54 5.1

CD19 1.72% 0.21%

Table 4.2: Results of a flow cytometry analysis of DG cultures after nineteen days 

culture are shown. A comparison of the use of IL-2 or PHA in the culture of 

lymphocytes is made. Values indicate the percentage of cells positive for a 

given stain, apart from the CD4/CD8 ratio which has been calculated from 

the values of the individual stains.

4.4.2 Generation of CTL in a chronic anti-HBe patient

As clinical material from the previously tested patients was limited, a HLA-A2 chronic 

anti-HBe positive patient (MA) was tested under the following conditions, which more 

closely follow previous experiments in HBV patients (Guilhot et al. 1992):

1. a responder to stimulator ratio of 10:1

2. addition of lOiu/ml IL-2 on day 7 only

3. cytotoxicity assay on day 11

In addition use of the peptide (HBV cl 8-27) known to generate CTL in patients with 

acute HBV was used following the peptide stimulation protocol followed of Bertoletti et 

al (Bertoletti et al. 1993): i.e. using lOmM peptide and recombinant HBcAg at a 

concentration of l|j,g/ml on day 0 to stimulate lymphocytes at lOVml, with addition of 

EL-2 (lOiu/ml) day 3, and irradiated allofeeders at lOVml, peptide (lOmM) and IL-2 

(lOiu/ml) on day 7 (peptide protocol A). An alternative strategy was to use the dual
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transfectant instead of the allofeeders and peptide as the day 7 stimulus (peptide protocol 

B). Results are given in Table 4.3.

Target
Stimulator E:T ratio A2/pS A2/pSC 721.221/pSC

A2/pSC 40:1 49% 59% 51%

20:1 36% 39% 29%

10:1 25% 23% 16%

5:1 15% 15% 10%

peptide protocol A 40:1 -2% 2% 4%

20:1 -1% 1% 4%

10:1 -2% 1% 5%

5:1 4% 3% 10%

peptide protocol B 40:1 -2% 1% 6%

20:1 -1% 2% 7%

10:1 -1% 2% 5%

5:1 0% 2% 8%

Table 4.3: percentage specific cytotoxicity in MA following three different stimulation 

protocols.

As promising results were obtained with dual transfectant cell line stimulation protocol at 

the higher effector target ratios, this experiment was repeated using different targets, to 

see whether recognition could be against the previously described HLA-A2 restricted 

CTL epitope. The same patients cells from the same time point and the same stimulation 

conditions were used. The targets used were the L721.221/A*0201/pS transfectant
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pulsed with either the HBV c l8-27 peptide or an irrelevant peptide the influenza 

nucleoprotein HLA-A68 peptide (Table 4.4).

E:T

Target

A2/pS+HBV C18-27 A2/pS+irrelevant peptide

40:1 51% 46%

20:1 35% 27%

10:1 23% 13%

5:1 10% 8%

Table 4.4: Use of L721.221 pulsed with peptides as targets for the CTL generated using 

the dual transfectant.

Some excess cytotoxicity was noted against the c l8-27 peptide, at all effector to target 

ratios, and was 10% at an effector to target ratio of 10:1, however background lysis 

presented a persistent problem. This was addressed by using cold targets in the 

cytotoxicity assay to inhibit background lysis.

4.4.3 Cold target lysis inhibition

This is a method for blocking lysis in cytotoxicity assays. In these experiments a ten- to 

twenty-fold excess of targets against which the background lysis is thought to occur, is 

added to each well in the cytotoxicity assay, to allow the cells to adhere, and allow the 

lysis by the low frequency specific CTL to become evident. For all subsequent 

experiments the cold target was the dual transfectant expressing an HLA molecule and 

the vector without the HBc gene e.g. 721.221/A*0201/pS.

A HLA-B7 positive patient with acute hepatitis B (DM) was used to set up this assay. 

This patient was chosen because it was felt that it was not so critical to have an HLA-A2
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positive patient at this stage, and a patient in the acute phase of HBV infection may be 

more likely to generate HBV specific CTL. The stimulation protocol followed in this 

experiment was as for patient MA. Also tested again was the value of early (day 4 

addition of IL-2). Results are shown in Table 4.5 and figure 4.1.

Target
IL-2 DAY 7 lL-2 DAY 4

E:T B0702/pSC B0702/pS 721.221/pSC B0702/pSC B0702/pS 721.221/pSC

No cold targets 40:1 47.61% 43.30% 36.17% 48.87% 41.26% 46.25%

20:1 32.08% 25.61% 28.26% 35.41% 34.51% 42.55%

10:1 22.28% 18.47% 18.62% 19.82% 21.86% 31.78%

Cold targets 40:1 30.32% 16.41% 10.09% 22.51% 23.16% -

20:1 16.02% 5.92% - 10.85% 9.54% -

10:1 7.11% 2.40% - 4.97% 1.84% -

Table 4.5: Results of cold target lysis inhibition assay against the B*0702 dual

transfectants.

Significant HBV specific responses were demonstrated at effector target ratios of 40:1 

and 20:1 using the cold target lysis inhibition, and which were not demonstrated without 

the cold targets. Specific lysis was not observed in cultures in which IL-2 had been 

added at day 4.
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Furthermore two colour flow cytometry analysis demonstrated that early addition of IL- 

2 generated fewer CD3-positive cells, than leaving it until day 7 (Table 4.6). This result 

is consistent with an increase in non-specific killing, which may be related to natural 

killer cells.

Antibody : CD3/4 CD3/8

CD3+,CD4+ CD3+,CD4- CD3+,CD8+ CD3+,CD8-

DM (IL-2 DAY 7) 33% 63% 47% 48%

DM (IL-2 DAY 3) 20% 49% 32% 27%

Table 4.6: results of two colour flow cytometry analysis of fifteen day lymphocyte 

cultures of DM stimulated with B*0702/pSC transfectants. The percentage 

of positive staining cells is shown.

To demonstrate that the cytotoxic responses were indeed mediated via HLA class I, the 

cells were cultured for a further two weeks, by alternate weekly stimulation with dual 

transfectant (B*0702/pSC) and IL-2 at lOiu/ml. The cells were then assayed for 

cytotoxic activity using cold target lysis inhibition, and cytotoxic activity compared in the 

presence of the anti-HLA class I monoclonal antibody W6/32 at 10p.g/ml or an isotype 

specific control antibody (mouse anti-rabbit IgG2a). Antibody was added just prior to 

the addition of the cold targets. Results (figure 4.2) show that approximately 50% 

inhibition of lysis against the B*0702 dual transfectant is noted with the HLA class I 

specific blocking antibody, compared to none against the L721.221/pSC single 

transfectant.
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Figure 4.2; Effects of blocking HLA class I on cytotoxic responses of long term culture 

of DM against B*0702 transfectants. The assay was performed at an 

effector to target ratio of 20:1.

These results show that conditions for generating HBV specific HLA class I restricted 

CTL using the dual transfectant cell lines as stimulator cells could be achieved, and that 

the specificity of these CTL could be demonstrated by using a cold target lysis inhibition 

cytotixicity assay. This protocol was therefore followed for subsequent experiments.
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4.4.4 Assays in patients with chronic hepatitis B.

Having obtained a workable assay further HBV positive patients were tested for 

cytotoxic activity, using the following protocol:

1. Peripheral blood mononuclear cells plated at lOVml

2. Dual transfectant added at lOVml on day 0
3. Restimulate on day 7 with dual transfectant at lOVml and rIL-2 at lOiu/ml

4. Assay day 11, using effector to target ratios of 40:1

4.4.4.1 HLA-A2 positive patients

Six HLA-A2 positive patients were tested for cytotoxicity against the dual transfectant. 

Results are given in Table 4.7. K562, an erythroleukemic cell line, was included as a 

target to test for natural killer cell activity.

Patient HBV status

Target

721.221/A2/pSC 721.221/A2/pS 721.221/pSC K562

MH anti-HBe pos 48% 47% 58% -

MA anti-HBe pos 60% 49% 49% -

HL anti-HBe pos 33% 30% 44% 41%

PN anti-HBe pos 58% 62% 65% 58%

MW anti-HBe pos 37% 29% 44% 51%

RP anti-HBe pos 61% 58% 58% 53%

Control HBsAg neg 48% 47% 50% -

MA vs pS anti-HBe pos 22% 30% 28% -

Table 4.7: Percent specific lysis of HLA-A2 positive patients against the dual

transfectant HLA-A*0201 transfectants. Positive results were found in 

only one patient (MA).
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Increased lysis (more than 10%) against the HBV/HLA dual transfectant 

(L721.221/A*0201/pSC) was only found in one patient (MA). Therefore a control 

experiment, in which the same patient had lymphocytes stimulated with 

L721.221/A*0201/pS under otherwise the same conditions was performed, and this 

showed no excess lysis against the L721.221/A*0201/pSC line, suggesting that the result 

was significant. The assay also showed significant lysis against the K562 cell line at a 

similar level to that against L721.221/pSC suggesting that natural killer cell activity may 

account for the background cytotoxicity.

A comparison, by two colour flow cytometry analysis, of lymphocyte cultures from MA 

(low cytotoxic response) and MH (no cytotoxic response) was performed following 23 

days of culture with the transfectants. Also included was a day two culture of MA as a 

baseline (Table 4.8).

Antibody: CD3/4 CD3/8

CD3+,CD4+ CD3+CD4- CD3+CD8+ CD3+,CD8-

M ADAY2 28% 50% 41% 43%

MA DAY 23 54% 30% 26% 62%

MH DAY 23 60% 8% 10% 59%

Table 4.8: Two colour flow cytometry analysis of MA (day 2 and 23) and MH (day 23). 

The percentage of positive staining cells is shown.

The results show that relatively more CD3/CD8-positive lymphocytes are generated 

from the patient (MA) who had a cytotoxic response, than the patient with no response. 

However, overall there is a decline in CD3/CD8 cells over the 23 day period, indicating 

that CD3/CD4-positive cells are preferentially generated.
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4.4.4.2 HLA-B35 patients

Three patients who were HLA-B35 positive were tested against the HLA-B*3501 dual 

transfectant. Results are shown below in Table 4.9.

Patient Serology E:T ratio

Target

B35/pSC B35/pS 721.221/pSC 721.221

SD HBsAb pos 40:1 49% 46% 40% 49%

20:1 36% 38% 37% 40%

10:1 20% 20% 13% 15%

MH anti-HBe pos 40:1 67% 50% 66% 55%

20:1 61% 62% 59% 48%

10:1 48% 41% 43% 37%

MA anti-HBe pos 40:1 67% 46% 58% 42%

20:1 56% 40% 44% 36%

10:1 21% 14% 25% 18%

Table 4.9: Percent specific lysis of HLA-B35 patients against the HLA-B*3501 dual

transfectants.

Again MA exhibited slight excess lysis against the HBV/HLA dual transfectant at an 

effector to target ratio of 20:1. Neither of the other patients had discernible responses, 

suggesting that this is not purely an artefact of the assay. It was therefore concluded that 

peptides derived from HBcAg can be presented by HLA-B*3501 and recognised in the 

context of this allele by naturally occurring CTL.

4.4.4.3. HLA-B7 responses

Responses of four chronic patients with chronic hepatitis B and three HBsAg negative 

controls are shown in Table 4.10.
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Patient HBV status

Target

B*0702/pSC B*0702/pS 721.221/pSC 721.221

HL anti-HBe pos 55%* 39% 27% -

PN anti-HBe pos 73%* 53% 56% -

MW anti-HBe pos 38%* 18% 14% 17%

RF HBeAg pos 4% 1% 10% -

Control HBsAg neg 64% 57% 46% 41%

Control HBsAg neg 59% 53% 38% 37%

Control HBsAg neg 48% 39% 26% 33%

Table 4.10; Percent specific lysis of HLA-B7 positive patients against the HLA-B*0702 

dual transfectants.

Significant lysis (>10%) above values against control lines was noted in all the anti-HBe 

positive patients but not the HBeAg positive patients or the HBsAg negative controls.

4.4.5 Summary of cytotoxicity assays

The results of the assays are given in figure 4.3. These experiments have demonstrated 

the restriction of CTL responses to HBcAg in the context of HLA-B*3501 and HLA- 

B*0702. In five patients responses in the context of two HLA alleles could be tested. 

Three patients were both HLA-A2 and -B7 positive (MW, PN, HL). All three made a 

response in the context of HLA-B *0702 and none in the context of HLA-A*0201. This 

suggests that there may be preferential recognition of HBc in the context of HLA- 

B*0702.
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4.5 Discussion

The studies suggest the presence of low grade HLA class I restricted cytotoxic responses 

in anti-HBe positive patients with chronic hepatitis B infection. Suggestive responses 

were detected against the HBc in the context of A*0201, B*0702 and a borderline 

response was detected in the context ofHLA-B*3501.

Initial experiments were designed to set up culture conditions for the generation of CTL 

responses. As it had proved difficult to find patients with acute hepatitis B at the peak of 

activity and as it has been previously described that patients who have cleared HBV 

infection have persistent cytotoxic responses, two such patients were used to set up the 

assays (Rehermann et al. 1996c). Unfortunately initial experiments were unsuccessful 

and initially it was thought that the culture conditions were not conducive to the 

generation of specific anti-HBV activity. The results of the flow cytometry analysis of 

DG showed that CD8-positive lymphocytes were present in the cultures after nineteen 

days, however no specific cytotoxicity was detected. Background cytotoxicity was 

detected against all the L721.221 transfectants. These responses could be caused by a 

number of mechanisms. The conditions used were theoretically conducive to the 

generation of natural killer (NK) cells. Firstly, these cells are stimulated by IL-2, which 

may be produced endogenously in the lymphocyte cultures. As simulator and responder 

cells were not HLA class II matched, endogenous IL-2 may have been secreted by CD4- 

positive lymphocytes which had expanded as a result of contact with a foreign HLA class 

II antigen. Secondly, lysis by NK cells, may be inhibited by expression of HLA class I 

antigens (Gumperz et al. 1995). These NK cells are inhibited by specific HLA class I 

molecules, not by the quantity of HLA class I expressed, and so even though the 

transfectants expressed high levels of HLA class I NK activity may still not be inhibited. 

The presence of NK cells in the cultures was suggested by the finding that only 53.3% of 

cells of DG at day nineteen were CD3-positive and that cytotoxic activity was seen 

against the cell lines not transfected with HLA class I genes and also against the K562 

cell line (a NK specific target).
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Background lysis may also be caused by CD4 mediated cytotoxic activity which is 

thought to be mediated via the Fas-Fas ligand pathway, with the subsequent induction of 

apoptosis in the target cell. This form of cell death becomes more apparent following 

more prolonged incubation periods of effector with the target cell, but may still result in 

significant chromium release in a four hour assay.

Non-specific killing of the HLA class I transfectants is likely to be due to presentation of 

antigens in the context of the transfected HLA allele. Such antigens could include 

Epstein-Barr virus antigens (as L721.221 is an EBV transformed cell line), presentation 

of peptides derived from the HLA-E or HLA-F alleles by the transfected class I 

molecule, as has previously been described in an HLA-Cw*0304 transfectant of the 

L721.221 cell line, vector derived proteins such as the products of the selection 

resistance genes, or other, as yet unrecognised polymorphic proteins (Tzeng et al. 1996; 

Parham, 1996). The over-expression of a single HLA molecule in the cell line may cause 

the presentation of an unusual repertoire of peptides, because of a reduction in 

competition for the HLA peptide binding site.

These experiments have highlighted the difficulty of using a single cell line as both a 

stimulator and target, however it was necessary to do this in order to analyse responses 

against a single HLA allele. It was therefore necessary to block background by using 

cold targets in the cytotoxicity assay. The utility of this procedure was demonstrated in 

the experiment using patient DM (Figure 4.1). Confirmation that responses in the 

presence of the cold targets were indeed HLA class I mediated was achieved by a 

blocking experiment in which HLA class I was blocked using the monoclonal antibody 

W6/32, which blocked responses against the L721.221/B*0702/-pSC and 

L721.221/B*0702/pS transfectants, but not the L721.221/pSC line (figure 4.2). On both 

occasions that the DM lymphocyte cultures were tested against the transfectants, 

cytotoxic responses were greater against the L721.221/B*0702/pSC transfectant than 

the L721.221/B*0702/pS transfectant, helping to show the reliability of the assay. 

Cytotoxic responses may have been detected in a number of chronic anti-HBe positive 

carriers with relatively inactive disease. This cohort of patients was selected because it
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was reasoned that they had mounted an immunological response to HBV, which was 

adequate to control viral replication but not sufficient to clear it completely, and so such 

responses would be more likely to be present than in HBeAg positive carriers, such as 

the B*0702 positive patient PF. Furthermore they represent a level of immunological 

response which can be achieved by the HBeAg positive carrier either spontaneously or 

following therapeutic intervention and hence are closer in immunological terms to the 

HBeAg carrier than a patient with acute hepatitis B (Ruiz-Moreno et al. 1989; Brook et 

al. 1989a; Di Bisceglie et al. 1993). It has previously been demonstrated that patients 

with acute hepatitis B mount a vigorous polyclonal cytotoxic response, but until recently 

cytotoxic T cell responses had not been shown to be present in chronic HBV carriers 

(Nayersina et al. 1993; Shu et al. 1993). HLA restriction has been harder to demonstrate 

in chronic hepatitis B carriers except by peptide stimulation protocols, which can result 

in the stimulation of responses in normal volunteers (Rehermann et al. 1996c; Cemy et 

al. 1995). This model shows a unique method of uncovering HLA restricted responses 

in these chronic HBV carriers. Effector target ratios were necessarily relatively high 

because of the problems of overcoming background responses and because responses 

may be both weak and at low frequency.

Further analysis of these responses by T cell cloning would be instructive as to their 

exact nature, i.e. whether binding of the CTL to the MHC:peptide complex is weak or 

whether the repertoire of HBV specific CTL is limited. Furthermore an analysis of the 

cytokines secreted by the HBV specific CD8-positive T-lymphocytes could be 

performed, and correlations drawn with previously published in vitro and transgenic 

mouse studies on cytokine induced inhibition of HBV replication (Romero et al. 1996; 

Guidotti et al. 1996).

CTL responses were thought to have been detected in the context of HLA-B*3501 in 

one patient. HBV specific CTL responses have not previously been described in the 

context of this allele. The optimal binding motif for this allele has been described to be 

proline at position 2 and lysine at the carboxyl terminus of the peptide presented 

(Davenport and Hill, 1996). Such a peptide exists at HBc positions 107-117. In further
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studies, synthetic peptides derived from this region could be used to test whether this 

peptide is indeed presented and recognised by HBV specific CTL.

Another interesting finding was that the HLA-A2, -B7 positive patients seemed to make 

responses in the context of HLA-B*0702, but not HLA-A*0201. This suggests 

preferential recognition of HBV peptides presented by HLA-B*0702 than by -A*0201. 

That the HLA-B7 serotype might be protective against hepatitis B infection has been 

suggested previously from a study in Caucasians by Sampliner et al (Sampliner et al. 

1981). The optimal binding motif for peptide binding HLA-B*0702 is thought to 

contain a proline at position two and a carboxyl terminal leucine. Such a motif exists in 

the HBc protein at positions 122 to 129, 122 to 132 or 123 to 132. Interestingly this 

motif overlaps the HLA-A68.1 CTL epitope and the polymerase gene, implying that any 

mutations in this region may also interfere with synthesis of the polymerase protein, 

putting a constraint on CTL escape mutation (Missale et al. 1993). Further studies are 

required to determine whether the peptide presented by HLA-B*0702 is indeed from this 

region. Caucasians infected in adulthood were studied, and therefore their immune 

responses may differ from those patients infected neonatally or in childhood. Patients 

likely to have been infected neonatally are considered in the next chapter.

Expression levels of transfected genes may be important in determining the relative 

reactivity between the two cases. The A*0201/pSC and B*0702/pSC lines both came 

from the same L721.221 clone hence it is unlikely that HBc levels differed significantly. 

Expression of the HBc construct was not quantitated as the ELISA used in these assays 

was unable to fulfil this function. With respect to HLA expression it was not feasible to 

keep all the transfectant at exactly the same HLA expression level, by sorting by flow 

cytometry, hence the need for appropriate controls. Negative controls for the HLA- 

B*0702 assays were all less than 10%, as was a chronic HBeAg carrier (PF), 

demonstrating that specific cytotoxicity was not purely a result of increased HLA 

expression. A positive result was found in the context of HLA-A*0201 in the chronic 

carrier group (MA) hence responses were also demonstrable against this transfectant. 

This was unlikely to be a false positive as when lymphocytes fi'om the same patient were
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stimulated with the HLA-A*0201/pS transfectant no HBV specific cytotoxicity was 

observed.

From these studies it is concluded that it seems possible to detect low-level HLA class I 

restricted cytotoxic responses to the hepatitis B nucleocapsid antigen in chronic anti- 

HBe patients. Responses have been demonstrated in the context of HLA-A*0201, - 

B*0702 and also -B*3501. The data suggest that there is preferential recognition of 

HBc in the context of HLA-B*0702, rather than HLA-A*0201.
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CHAPTER 5

STUDY OF A FAMILY OF CHRONIC HBV

CARRIERS
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5.1 Introduction

The outcome of a given infection is dependent on both host and viral factors. Research 

has documented the pivotal role of the HLA system in determining the outcome of an 

infection (Hill et al. 1992). HLA class I molecules present endogenously synthesised 

peptides to cytotoxic T lymphocytes, which on activation can lyse the infected cell or 

trigger it to undergo apoptosis. Mutations in the viral genome can lead to changes in the 

peptide sequence such that they are not recognised by T cells specific for the wild-type 

peptide:MHC complex, or the T cells are energised (Burrows et al. 1996; Bertoletti et al. 

1994). For successful resolution of a viral infection relatively few immunodominant 

epitopes need to be recognised by the host immune system (Nowak et al. 1995; Steven et 

al. 1996). This emphasises the potential significance of mutations in critical regions of 

the viral genome.

The genetic background of the host is clearly also important (Thursz et al. 1995). The 

HLA system has diversified throughout evolution to present a wide range of peptides. 

However a given HLA molecule can only present a range of peptides which are required 

to conform to specific binding requirements (Hunt et al. 1992). Viral mutants, which 

escape from the immune system, are therefore more likely to thrive in a host population 

of limited genetic variability, than one with a diverse genetic background (De Campos 

Lima et al, 1993). The study of families with chronic infection may therefore be able to 

uncover host or viral genetic factors related to outcome of infection.

Previous family studies of chronic hepatitis B infection have been predominantly 

epidemiological in nature (Vegnente et al. 1992; Coursaget et al. 1994; Ryder et al. 

1992). Studies of immunogenetic factors related to the outcome of infection have 

revealed a possible positive association of chronicity of HBV infection with the HLA 

haplotype HLA-A28,-Bwl5 and a negative association with HLA-B7 (Sampliner et al. 

1981; Levo et al. 1982). The HLA-A28 family includes HLA-A68, which has been 

shown to have diminished binding to the CD8 molecule on T cells. This is due to a 

substitution of valine for the more usually found alanine at position 245 on the ag helix 

and mutation of the valine back to alanine restores the binding affinity, back to that of
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other HLA class I molecules (Salter et al. 1990; Salter et al. 1989). The reduction in the 

affinity of the T-cell receptor;CDS complex for the MHC:peptide complex could lead to 

diminished T cell activation and hence contribute to viral persistence in patients who are 

HLA-A68 positive.

The aim of the work in this chapter is to try to bring together both viral and genetic 

factors which may contribute to viral persistence, by the study of a single family infected 

with chronic hepatitis B, and then to correlate the cytotoxic T lymphocyte response with 

both of these variables. By studying a single family the genetic background is relatively 

limited, and if the mother is a chronic hepatitis B carrier then it is reasonable to assume 

that the children have been infected neonatally, and all by a similar virion. Genetic 

diversity of the virions amongst the family at a time point remote from the time of 

infection is therefore likely to have arisen in the infected individual, rather than be a 

feature of the infecting virion. This allows the study of immune selection pressure on 

specific regions of the virus, and correlation of viral mutations with host genetic factors. 

The family chosen for this study possess a number of features which make them 

particularly suitable for the study. The mother of the family was a chronic HBV carrier 

and her husband immune to HBV. Both of these family members were homozygous at 

the HLA A locus. The mother was HLA-A68 positive allowing the role CD8 binding in 

the clearance of HBV to be studied. The children were five females with a relatively 

narrow age range, four of whom were chronic carriers. The relative roles of age and sex 

in the response to HBV infection were therefore controlled for in the study group. 

Material was available for tissue-typing from all family members and for CTL studies for 

three of the siblings.
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5.2 Patients

The family studied was of Indian origin. HBV status and HLA typing are given in Table

5.1.

A liver biopsy had only been performed on one patient (KK). This showed a mild 

hepatitis with positive staining for HBsAg and HBcAg.

Name Age Relationship HBV Serology HLA-A HLA-B ALT
(5-40)

HBV
DNA
(bDNA
assay)

PCR

MK 53 Father HBsAb pos, 
HBsAg neg

11,11 7,15 36 neg neg

ZK 49 Mother HBsAg pos, 
HBeAg neg, 
anti-HBe pos

68,68 5(51),
21(50)

22 neg pos

NK 22 Daughter HBsAb pos, 
HBsAg neg

11,68 7,21(51) 11 neg pos

FK 24 Daughter HBsAg pos, 
HBeAg neg, 
anti-HBe pos

11,68 5(51), 15 20 neg pos

KK 26 Daughter HBsAg pos, 
HBeAg pos, 
anti-HBe neg

11,68 21(50), 15 45 >16,000
pg/ml

pos

RFK 27 Daughter HBsAg pos, 
HBeAg neg, 
anti-HBe pos

11,68 7, 21(50) 17 neg pos

RBK 28 Daughter HBsAg pos, 
HBeAg neg, 
anti-HBe pos

11,68 5(51),7 22 neg pos

Table 5.1: HLA typing and HBV status of the family studied. Tissue typing was 

performed by serology, HBV DNA quantitation was performed by the 

branched chain DNA assay and PCR testing by the primers to the core and 

polymerase region as detailed in the Materials and Methods section of this 

chapter.
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5.3 Materials and Methods

5.3.1 Lymphocyte cultures and cytotoxicity assays

These were performed using the same conditions and controls as described in Chapter 

Five.

5.3.2 Polymerase chain reaction

DNA was prepared from serum as described in Chapter Two. Five microlitres of the 

final product was used in the nested PCR reaction. The primers used were to the core 

and polymerase regions (outer: 5' GTTGTTAGACGACGAGKjCAGTC 3' (positions 

2216 to 2237) and 5' CAGGGCATATTGACAACAGTG 3' (2965 to 2985) and inner: 

5' AGACGAAGGTCTAAATCGCCG 3' (2267 to 2287) and 5' GAAAAAAGGAGA- 

TTAAAATT 3' (2487-2506)). The conditions for the first round amplification were as 

follows: dénaturation at 92°C for 1.5 minutes, annealing at 53°C for 1.5 minutes and 

extension at 72°C for three minutes for 30 cycles, with a final ten minute extension phase 

at 72°C; and for the second round: dénaturation at 92°C for 1.5 minutes, annealing at 

55°C for 1.5 minutes and extension at 72°C for three minutes for 35 cycles, and a final 

ten minute extension phase at 72°C. Ten microlitres of the first round reaction was used 

in the nested reaction and lOpl of the second round product was run on a 2% agarose 

gel and visualised using ethidium bromide staining. Negative controls included an 

extraction control of a patient negative for HBsAg and water as controls for the PCR 

reaction. The positive control was the case with high titre HBV DNA (KK).

5.3.3 DNA sequencing

In order to sequence the PCR product the DNA was first cloned using the TA cloning 

kit (Invitrogen, Leek, Holland) according to manufacturers instructions. Briefly two 

microlitres of fi*esh PCR product was used for ligation with the pCR™ vector, giving an 

approximate 1:1 molar ratio in the presence of T4 DNA ligase, and the manufacturers 

buffer. Following incubation overnight at 12°C, one microlitre of the reaction was used

131



to transform 50|al of One Shot Competent E. Coli Cells™ (Invitrogen, Leek, Holland) in 

the presence of 0.02M p-mercaptoethanol. Cells were incubated on ice for 30 minutes, 

heat shocked at 42°C for two minutes, then 450p.l of SOC medium was added. The cells 

were shaken at 250rpm at 37°C for one hour then plated onto 1.5% LB agar plates, 

containing ampicillin (50|ig/ml) and X-gal (5-bromo-4-chloro-3-indoyl-p-D- 

galactopyranoside). Following overnight incubation at 37°C white colonies were picked 

for subsequent analysis. Plasmid preparation, sequencing reactions and gel analysis were 

performed as described in Chapter Three. The primers used for sequencing were the 

Ml 3 reverse and -20 primers, sites for both of which are contained in the pCR™ vector. 

Alternatively the PCR product was concentrated using the QIAEX II™ kit (Qiagen, 

Hilden, Germany), according to manufacturers instructions. Details of the components 

of the kit are not available, but briefly 90pl of the PCR reaction was dissolved in 270pl 

of buffer QXl™ (which contains a chaotropic salt), then lOpl of QIAEX II™ (which 

contains DNA binding silica particles) was added and incubated at room temperature for 

10 minutes. The suspension was centrifuged to pellet the DNA bound to the silica, 

washed twice in Buffer PE™, then eluted in 25p,l water. The concentrated DNA was 

then purified by running on a 1.5% agarose gel, cutting out the desired band and 

extracting the DNA from the agarose again using the QIAEX™ kit as described above, 

except that the agarose containing the DNA band of interest was incubated at 50°C in 

buffer QXl™ for 10 minutes, and in the final step the DNA was eluted in 15p,l water. 

The DNA was then sequenced by Dr P Barker (Babraham Institute, Cambridge, UK) on 

an ABPI automated sequencer using 10|il of the final product and 4pmol of the primer 5' 

GAAAAAAGGAGATTAAAATT 3' (2506-2487).
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5.4 Results

5.4.1 Generation of HLA-A6 8 specific CTL.

In order to demonstrate whether HLA-A68 restricted CTL responses could be 

demonstrated in two of the family members, KK (HBeAg positive) and FK (anti-HBe 

positive), a twelve day cytotoxicity assay was set up, using the conditions optimised in 

chapter 5 and ClR/A68/pRC as the stimulator cell line. A patient with acute hepatitis B 

(DM) was used as a positive control. Results are given in Table 5.2.

KK FK DM

target: -CT +CT -CT +CT -CT +CT

ClR/pRC 24% - 37% - 58% -

A68/pR 40% 22% 60% 27% 63% 35%

A68/pRC 50% 27% 67% 44% 68% 46%

Table 5.2: Twelve day cytotoxicity assay of KK, FK and DM stimulated with 

ClR/A68/pRC, percentage specific lysis is shown. Effector target ratios 

are at 40:1. Columns marked “+CT” are results from wells with cold 

targets added, columns marked “-CT” had no cold targets.

All three patients had higher responses against the ClR/A68/pRC transfectant than 

against the ClR/A68/pR line, however augmentation of the difference in lysis against the 

two transfectant cell lines was only present for FK and DM. These data therefore show 

an HBV specific CTL response for FK and DM when the cold targets (ClR/A68/pR) are 

used to block non-HBV-specific lysis.

5.4.2 Pulsed peptide protocols and the role of diminished CD8 binding in the HLA-A68 

restricted CTL response

Experiments designed to test the hypothesis that augmentation of CD8 binding might 

elicit CTL responses not seen using the naturally occurring molecule were performed.
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using the patients KK (HBeAg positive) and FK (anti-HBe positive). The use of pulsed 

peptide stimulation as described by Missale to generate specific HLA-A68 restricted 

CTL was also tested (Missale et al. 1993). The stimulation protocols are outlined in 

Table 5.3. In all protocols IL-2 was added on day 7 at a concentration of lOiu/ml.

Day 1 stimulus Day 7 stimulus

Protocol 1 ClR/A68/pRC ClR/A68/pRC

Protocol 2 ClR/A68m245/pRC ClR/A68m245/pRC

Protocol 3 Peptide (HBc 141-151) 

+ rHBcAg

ClR/A68/pRC

Protocol 4 Peptide (HBc 141-151) 

+ rHBcAg

ClR/A68m245/pRC

Protocol 5 Peptide (HBc 141-151) 

+ rHBcAg

Peptide (HBc 141-151) 

+ PBMC

Table 5.3: Stimulation protocols used for the experiment to study the roles of: alanine at 

position 245 in the HLA-A68.1 molecule; and of the HBc 141-151 peptide in 

the generation of HBV specific HLA class 1 restricted cytotoxicity.

The cytotoxicity assay was performed on day 11 against the following target cell lines: 

ClR/A68/pRC, ClR/A68/pR, ClR/A68m245/pRC, ClR/A68m245/pR, C1R/A68+ 

HBcl41-151, ClR/A68+influenza nucleoprotein 91-99 (control peptide), C1R/A68- 

m245+HBcl41-151, ClR/A68m245+influenza nucleoprotein 91-99 (control peptide), 

ClR/pRC. No cold targets were used in these assays. Results of the assays are given in 

Figures 5.1 (FK) and 5.2 (KK).
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Figure 5 .1a Results of cytotoxicity assay of FK stimulated with protocol 1. Effector 

target ratios are 20:1 (grey bars), 10:1 (white bars) and 5:1 (black bars).
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Figure 5 .1b Results of cytotoxicity assay of FK stimulated with protocol 2. Effector 

target ratios are 20:1 (grey bars), 10:1 (white bars) and 5:1 (black bars).
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Figure 5 .1c Results of cytotoxicity assay of FK stitnulated with protocols 3 (grey bars), 

4 (white bars) and 5 (black bars). The legend shows the day 7 stimulus. 

The effector to target ratio was 10:1 in all cases.

Figures 5. la-c: results of the day 11 cytotoxicity assay for FK using the various 

stimulation protocols. Target cell names are abbreviated, i.e. 

ClR/A68/pRC is abbreviated to A68/pRC and the peptides are 

designated either FfBV (HBcAg 141-151) or INF (influenza 

nucleoprotein 91-99).
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Figure 5 .2a Results of cytotoxicity assay of KK stimulated with protocol 1. Effector

target ratios are 20:1 (grey bars), 10:1 (white bars) and 5:1 (black bars).

5.2b

target

Figure 5.2b Results of cytotoxicity assay of KK stimulated with protocol 2. Effector 

target ratios are 20:1 (grey bars), 10:1 (white bars) and 5:1 (black bars).
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Figure 5 .2c Results of cytotoxicity assay o f KK stimulated with protocols 3 (grey bars), 

4 (white bars) and 5 (black bars). The legend shows the day 7 stimulus. 

The effector to target ratio was 10:1 in all cases.

Figures 5.2a-c: results of the day 11 cytotoxicity assay for KK using the various 

stimulation protocols. Target cell names are abbreviated as in Figure

5.1.
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There was no HBV specific cytotoxicity found using these protocols for FK or KK, and 

in assays without cold targets no HBV specific lysis could be demonstrated.

The use of cold targets was therefore subsequently tested in two family members (KK 

and RFK) however no increased specific lysis was found against the m245 transfectant, 

in which CDS binding is normal (Table 5.4). In these experiments the stimulator cells 

were either ClR/A68/pRC on day 1 and 7, or ClR/A68m245/pRC on day 1 and 7. IL-2 

was added on day 7 at lOiu/ml.

Stimulus Target KK RFK

ClR/A6S/pRC ClR/pRC 16% 58%

A6S/pR 31% 53%

A6S/pRC 31% 48%

ClR/A6Sm245/pRC ClR/pRC 23% 36%

m245/pR 50% 48%

m245/pRC 53% 47%

Table 5.4: Day 12 cytotoxicity assay of KK and RFK using the ClR/A68/pRC and 

ClR/A68m245/pRC as stimulators. Percentage specific cytotoxicity is 

shown.

Although lysis against the C1R/A68m245 transfectants was greater than against the 

C1R/A68 transfectants indicating that CDS binding may augment the CTL response, no 

HBV specific cytotoxicity was demonstrated.

In conclusion, these experiments were unable to show that augmentation of the CDS 

binding to the HLA-A6S could enhance HBV specific CTL responses.
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5.4.3 HLA-B7 restricted responses

In order to test the hypothesis that the HLA-B7 positive carrier RFK may possess HBV 

specific HLA-B7 restricted CTL a twelve day assay was set up, using the same protocol 

used to test the HLA-B7 positive HBV chronic carriers in the previous chapter. An 

HLA-B7 uninfected control and HBsAb positive patient were also tested. Results are 

given in Figure 5.3. The cultures were also restimulated on day 14, with 

721.221/B*0702/pSC at a concentration of lOVml and lOiu/ml or IL-2 and retested on 

day 19. Cold targets were used in both assays.

No HBV HLA-B 7 specific cytotoxicity was observed for any of the patients.
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twelve and nineteen day cytotoxicity assay of uninfected control 

stimulated with 721.221/B*0702/pSC. Effector to target ratios are as for 

Figure 5.3a.
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Figure 5.3c: twelve and nineteen day cytotoxicity assay of RFK (anti-HBe positive)

stimulated with 721.221/B*0702/pSC. Effector to target ratios are as for 

Figure 5.3a.

Figures 5 .3a-c: Twelve and nineteen day cytotoxicity assays of DG, an uninfected

control and RFK, stimulated with 721.221/B*0702/pSC and tested at 

effector to target ratios of 40:1 to 10:1 against three target cell lines: 

721.221/B*0702/pSC, 721.221/B*0702/pS and 721.221/pSC. Cold 

targets were used in all assays.
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5.4.4 S equencing results

Initially sequences of the A68 CTL epitope in the family members were obtained by 

sequencing between one and three clones generated by the TA cloning method for six 

out of the seven family members. These results were reproduced by the PCR sequencing 

method in five out of the six cases (ZK, FK, KK, RBK and RFK). Protein sequences are 

shown in Figure 5.4 ands DNA sequences are given in Figure 5.5.

The A68 CTL epitope sequences are shown in Table 5.5;

EPITOPE S T L P E T T V V R R CTL HBV status
ZK S T L P E N T I V R R nt HBeAg neg/ 

anti-HBe pos
NK* s T L P E T T V V R Ç nt HBsAg neg/ 

anti-HBs pos
FK s T L P E T T V V R Ç pos HBeAg neg/ 

anti-HBe pos
KK s T L P E T T V V R R neg HBeAg pos/ 

anti-HBe neg
RBK s T L P E T T V V R C nt HBeAg neg/ 

anti-HBe pos
RFK s T L P E T T V V R C neg HBeAg neg/ 

anti-HBe pos

Table 5.5: A comparison of the protein sequence of the epitope presented by HLA-A68 

in the various family members. The case marked with an asterisk did not 

have sequences confirmed by PCR sequencing. CTL responses where tested 

are also indicated (nt= not tested).

The results show a mutation in the HLA-A68 CTL epitope in five out of six of the family 

members. The mutations are present in the anti-HBe positive patients, not the HBeAg 

positive patient, suggesting that escape mutation is not responsible for the primary failure 

of the CTL response.
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g g ? g § s ®
adr E W I  R T P P A Y R P P N A P I  L S T L P E T T V V R R R G R S P R R R T P S P R R R R S Q S P R R R R S Q S R E S Q C

ZK  N - I  P - -
NK  C ..............................................................................................................................................
FK  C  H -
KK ..........................................................................................................................................................................................................................................................................
RB  C ..............................................................................................................................................
RF  C ..............................................................................................................................................

Figure 5.4 Protein sequences from the family study, in comparison to the adr subtype. The numbering is from the start of 

the core gene and the A68.1 CTL epitope is shown in bold type.
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adr G T G T G G A T T C G C A C T C C T C A A G C C T A C A G A C C A C C A A A T G C C C C T A T C T T A T C A A C A C T

NK .............................................................................................................................................................................................................................................................................
FK  - .............................................................................................................................
KK .............................................................................................................................................................................................................................................................................
RB .............................................................................................................................................................................................................................................................................
RF - - .............................................. - ....................................................................................................................................................- .......................................................

R R R R R R
adr T C C G G A A A C T A C T G T T G T T A G A C G A C G A G G C A G G T C C C C T A G A A G A A G A A C T C C C T C G C C

NK - .............................................. -    T - T ........................................ - ..................................................................... ....
FK  T - T .................................................................................................................................................................
KK  - ................................- .....................................................................- ..................................................................... ....
RB  T - T .........................................................................
RF   T - T .....................................................................................................- ........................... ....

adr T C G C A G A C G A A G G T C T A A A T C G C C G C G T C G C A G A A G A T C T C A A T C T C G G G A A T C T C A A T

NK   - ...........................................................................................................................................................................- .......................................................
FK  A .....................
KK - -  - - ............................................................
RB
RF  - ......................................... - ...........................................................................................................................................................................

Figure 5.5 DNA sequences from the family study, in comparison to the adr subtype. Numbering is from the unique EcoRl 

site of HBV and the sequence for the A68.1 CTL epitope is shown in bold type.
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5.5 Discussion

The study of this family allowed the exploration of a number of factors that may have 

accounted for viral persistence. The fact that all children had the same HLA-A alleles, 

meant that the role of the immunogenetic HLA-B alleles in the outcome of infection, could 

be studied in isolation. Also it was assumed that the sibling were all infected by a similar 

virion derived initially from the mother, making it more likely that any divergence in viral 

sequence amongst the family, was due to a host factor. Furthermore as all the daughters 

was of similar ages then sequence variability due to the accumulation of random mutations 

over time should be reflected equally in all siblings.

If immunogenetic factors are considered in isolation, then in this family only one out of the 

five siblings (NK) had resolved hepatitis B infection, and only one out of five was HBeAg 

positive, and so no specific segregation of outcome was found with any single HLA-B 

allele. However, none of the HLA-B7 positive patients had highly replicative HBV 

infection, as determined by HBV DNA levels and HBeAg status, although this is not 

significant due to the small study size. It is interesting to note that in a previous family 

study, HLA-B7 was found to be protective against, whilst HLA-A28, the family of HLA- 

A alleles that includes the HLA-A68 allele, conferred susceptibility to chronic HBV 

infection (Levo et al. 1982, Sampliner et al. 1981). Testing of the cytolytic response to 

HBc presented in the context of HLA-B *0702 in patient RFK was negative, and so it was 

not possible to prove an association of immunoreactivity with this allele at a molecular 

level. Detection of CTL reactive to HBc presented by this allele was found in four out of 

four previously tested HLA-B7 positive patients, so this was unlikely to represent a false 

negative result. Unfortunately clinical material was not available for testing from the other 

patients, so the role of this allele in the immune response to HBV in this family is not 

clear.

A number of different conditions were set up in order to try to generate CTL responses in 

the chronically infected patients. Initial experiments without cold targets in the assay 

system were unsuccessful, probably due to the high background, the reasons for which 

have been discussed in the previous chapter. However the cytotoxicity against the 

ClR/pRC cell line, which had not been transfected with an HLA gene seemed to be lower



in these experiments, than in those against the corresponding L721.221 cell line. This may 

be due to the fact that CIR expresses HLA-C and HLA-B35, which could inhibit the NK 

responses thought to be involved in the background cytotoxicity against the L721.221 cell 

line (Gumperz et al. 1995; Storkus et al. 1989). These background responses may have 

still masked specific cytotoxicity against the HBc 141-151 peptide, when peptide pulsed 

C1R/A68 cells were used as targets. Generation of CTL using a published pulsed peptide 

protocol, shown to be successful in patients with acute hepatitis B was also unsuccessful, 

however literature published subsequent to these experiments suggests that extending the 

culture time to three weeks, may detect responses in HLA-A2 positive patients using the 

HBc 18-27 peptide as the stimulus (Rehermann et al. 1996c). These conditions were not 

tested. It was only when cold targets were used in the assay that cytotoxic responses to 

the HLA-A68 1/pRC dual transfectant were detected in the context of HLA-A68.1 in one 

out of the three chronic carriers tested, and also the acute hepatitis B positive control. 

The HBV status of this chronic carrier (FK) had changed from HBeAg positive/anti-HBe 

negative to HBeAg negative/anti-HBe positive within the last year prior to testing, 

suggesting that relatively recently an active immune response had been mounted against 

HBV, which improved the chances of detection in the assay system used. The other 

HBeAg negative/anti-HBe positive carrier (RFK) did not demonstrate HLA-A68.1 

restricted reactivity and as she was not under active clinical follow up no changes in her 

HBV status prior to this study were known. It was not unexpected to find a lack of CTL 

reactivity in the HBeAg positive carrier KK, as she had a high HBV DNA level and low 

transaminase level, suggesting immunotolérance.

The role of CD8 binding in the persistence of HBV was tested using the HLA-A68m245 

cell line in which the valine at position 245 on the as helix was mutated back to alanine 

found in other HLA class I molecules (Salter et al. 1990). The work of Salter et al has 

demonstrated that CD8 binding an important factor in the TCR-MHC interaction, and 

enhancement or attenuation of this interaction can affect the level of cytotoxicity in vitro 

(Salter et al. 1989). Using protocols with and without cold targets it was not possible to 

demonstrate HBV specific CTL in the context of the HLA-A68m245 allele in the patients 

who did not respond to the HLA-A68.1 allele. If thymic deletion of CTL due to failure of
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recognition of HB V antigens as non-self is an important factor in HB V persistence, then, 

it could be postulated that it would be expected to find circulating HLA-A68 restricted 

CTL with lower affinity T-cell receptors (TCRs) than would ordinarily be required to 

make a HLA-A68.1 restricted response. However, using the HLA-A68m245 cell lines to 

augment the TCR-MHC interaction these low affinity HBV specific T-cells were not 

found. In vivo, influenza nucleoprotein specific HLA-A68.1 restricted CTL, however may 

not require CD8 binding to cause lysis and this may account for the presence of HLA- 

A68.1 restricted CTL responses described in this chapter and in previous work by Missale 

(Cerundolo et al. 1991; Missale et al. 1993). The work of this chapter supports the 

hypothesis that CD8 binding is not a critical factor in determining the outcome of HBV 

infection in this family.

A mutational analysis of the HLA-A68.1 CTL epitope in the various family members was 

performed. A region of approximately 170 base pairs, spanning amino acid residues 124 

to 183 of the HBc gene were sequenced in the family members. A comparison of this 

region with a published HBV adr subtype sequence revealed non-synonomous mutations 

in the CTL in five of the family members. Interestingly the mother had the most disrupted 

CTL epitope, with a substitution of asparagine for threonine at position six and isoleucine 

for valine at position eight of the epitope. Previous work has suggested that mutation of 

amino acid residues six, seven or eleven of this epitope may abrogate the CTL response 

to this peptide (Missale et al. 1993). In ZK, at position six, and in the others at position 

eleven, the amino acid substitutions are not conservative, and so likely to disrupt peptide 

binding to the HLA molecule or recognition by T-lymphocytes. In the studies by Missale 

et al CTL reactivity was found against peptides up to five amino acids longer than the 

minimal HBc 141-151 epitope defined and it has also been confirmed that HLA-A68 can 

accept peptides anchored at amino acid residue two and the carboxyl-terminal residue by 

the peptide bulging out of the peptide binding groove (Missale et al. 1993; Guo et al. 

1992). This may allow binding of peptides such as STLPETTWRCR to the HLA 

molecule, as the anchor residues (threonine at position two and a carboxyl-terminal 

arginine) are still present, however the presence of peptide binding does not prove CTL
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recognition. Specific CTL studies of responses directed at mutated epitopes in these 

patients are required to further test this hypothesis.

If ZK is considered as the index case i.e. assuming vertical transmission of the virus in this 

family, it is likely that at the time of transmission the mother was HBeAg positive and has 

subsequently become HBeAg negative, as if she had been HBeAg negative prior to having 

children, it is less likely that they would have all been exposed to the virus. Furthermore, 

as the wild type epitope was found in KK, the only case with highly replicative infection, it 

is likely that the wild type virion was transmitted to them from the mother and that the 

mutations in this epitope in the mother have accumulated over time. This is consistent 

with CTL immune selection pressure, selecting out a mutation in the virus. In a study of 

HBV infected Chinese individuals higher mutation rates of HBV were found during 

clearance of infection, than in the immunotolerant phase (Bozkaya et al. 1996). No 

evidence of escape mutation in the HBeAg positive chronic carrier was found in this 

study, suggesting that mutation in the CTL epitope is not the reason for the failure to 

mount a CTL response or the primary cause of the highly replicative infection seen in this 

patient (Rehermann et al. 1995c). CTL responses were probably only found in FK, a 

patient with a mutation in the A68.1 CTL epitope of the virus. Interestingly one of the 

clones from FK sequenced did contain the wild type CTL epitope, suggesting that it may 

form a minor component of the circulating virions in this individual. This sequence was 

however not confirmed by the PCR based sequencing which tends to preferentially amplify 

the dominant species present.

As this region of the genome codes for both core and polymerase genes it has been 

suggested that it is unlikely to mutate as it may disrupt the function of the polymerase. 

This was not likely to be the case in this study. In patient ZK, the mother, substitution of 

cytidine by adenine at position 2339 causes the conservative substitution of isoleucine for 

leucine and the position 2344 substitution of adenine for guanine does not result in an 

amino acid change in the polymerase gene. These changes are therefore minimally 

disruptive to the polymerase gene in this member. The substitution of thymidine for 

cytidine at position 2353 and for adenine at position 2355, results in only one change in 

the polymerase gene that of valine for aspartate. This sequence has not been previously
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reported in HBV and an evaluation of how this might affect function of the polymerase 

gene has not been performed during this study.

The study of this family gave a unique opportunity to study a number of factors in 

persistent HBV infection. In summary HLA-A68 restricted CTL responses were detected 

in one HBV chronic carrier expressing the mutated epitope, and there was no evidence for 

that escape mutation being responsible for failure to mount an immune response to HBV. 

More likely it seems that mutation of the virus was a consequence of a host response, 

suggesting the presence of immune selection pressure by HLA-A68.1 restricted cytotoxic 

T lymphocytes in this family.
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CONCLUDING REMARKS

Analysis of the chronic carrier state of hepatitis B infection is critical if an understanding 

of the mechanisms of pathogenesis of this viral infection is to be gained and further anti

viral strategies are to be developed. The fundamental premise underpinning hepatitis B 

pathogenesis, is that in the non-immunosuppressed patient hepatocellular necrosis is 

related to host immunoresponsiveness, and that viral persistence is related to a state of 

relative immune non-responsiveness. Using a new sensitive quantitative assay for the 

measurement of serum HBV DNA it has been shown that the HBeAg negative/anti-HBe 

positive low level HBV DNA positive carrier state is associated with active liver disease 

and hence patients with this serological and virological profile might benefit from anti-viral 

therapy. These low level HBV DNA carriers are likely to more immunoreactive to HBV, 

and hence by reducing the viral load using nucleoside analogue therapy, the viral load 

could be reduced to level where the immune response can successfully deal with it and a 

positive therapeutic outcome obtained. This theory is supported by the observation that in 

an analysis of response of serum viral load to lamivudine, it was shown that patients with 

higher transaminase levels and therefore by inference were more immunoreactive had more 

rapid declines in viral load than those who had lower transaminase levels and hence 

thought to be more immunotolerant (Nowak et al. 1996). Conversely it is unclear whether 

having obtained an initial response this will result in a sustained clearance of HBV if the 

immunoresponsiveness of the host remains unchanged. Studies of short duration (sixteen 

week) nucleoside analogue therapy suggest that this will not be the case (Dienstag et al. 

1995). Mathematical modelling of the chronic carrier state following treatment with 

lamivudine has suggested that a duration of therapy of one year may be adequate to 

eradicate hepatitis B from a chronic carrier (Nowak et al. 1996). This statement requires 

however, 100% viral inhibition by the nucleoside analogue and assumes no drug resistant 

mutants emerge, two tenets that are becoming increasingly more difficult to hold (Ling et 

al. 1996).

Further mathematical modelling of the outcomes of de novo HBV infection has suggested 

that a critical mass of hepatocytes sensitive to infection is required to maintain chronicity.
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One of the determinants of the size of this critical mass is the level of immune 

responsiveness. Patients with higher levels of immune responsiveness can tolerate higher 

levels of cells susceptible to infection i.e. in primary infection fewer cells are infected 

before the immune response clears the virus and in the chronic carrier HBV DNA levels 

are inversely proportional to the number of uninfected susceptible cells and hence also 

with immune responsiveness (Payne et al. 1996). One arm of the immune response, the 

HLA class I restricted cytotoxic T lymphocyte response was tested and responses were 

detected in chronic anti-HBe positive carriers with low HBV DNA levels. These 

responses were detected at a relatively low level, but this may have been a function of the 

assay, as opposed to the host responsiveness. Furthermore, following a period of in vitro 

stimulation responses may not mimic the in vivo situation exactly. HLA restriction was 

readily demonstrable using the dual transfectant model, and in accord with current theories 

of immune focusing in the anti-viral CTL response, there seemed to be preferential 

recognition of antigen in the context of HLA-B*0702, as opposed to HLA-A*0201, in the 

chronic HBV carriers (Nowak et al. 1995). However, this may represent a “snapshot in 

time” phenomenon as opposed to a general rule for HLA-A2, -B7 positive patients. 

Indirect evidence for the presence of CTL responses in chronic HBV carriers was 

provided in the HLA-A68 positive family, by studying the HBcl41-151 CTL epitope. 

Mutation of this epitope was positively correlated with the HBeAg negative/anti-HBe 

positive carrier state and low HBV DNA levels in these patients. Furthermore an HLA- 

A68 restricted CTL response was detected in one of the HBV carriers against the 

transfectant, which expressed the wild type epitope, suggesting that virions containing the 

wild type epitope had been present previously, or currently represented a minor 

component of the circulating virions and that the derived sequence represented an 

emergent mutant driven by the CTL response. Absence of mutation in this epitope in the 

HBeAg positive carrier, suggests that escape mutation is not a primary cause for the 

failure of a natural anti-viral immune response.

Current anti-viral strategies have limited efficacy, and an understanding of the chronic 

carrier state will help to facilitate the design of further treatments. The work presented 

here shows that chronic HBV carriers, as well as acutely infected patients, do possess
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CTL responses against peptides derived from the hepatitis B nucleocapsid and recognised 

in the context of several HLA antigens. These CTL function as effector cells and 

therefore may constitute an important target for specific augmentation in order to treat 

this challenging disease. Therapeutic strategies that focus on peptides presented by a 

single HLA allele, such as HLA-A2 may not be appropriate, and the data presented in this 

thesis suggest a broader based approach is more likely to be rewarding.
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Cloning site 
(896-952)

A

SV40 poly A 
(953-1346)Metallothionen 

promoter (11-892)

Hygromycin
(1874-3166)Sail

(1355)
Sail

OriP
(8178-10114 Ampicillin 

and coIEl 
(3672- 
5563)

EBNA-1
(5570-8149)

Diagrammatic representation of PM £P 4.

Nucleotide positions are shown in brackets. Total vector size is 10.4 kb. Sal I restriction 
sites used to clone the RSV promoter into are also shown.
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Cloning site 
(406-459)

RSVpromoter
(406-1082)

SV40 poly A 
(8-405^

Sail
(1088)SailOriP

(9546-11482

EBNA-1\
(6937-9518)

Histidinol 
resistance 
gene, SV40 
promoter and 
SV40 poly A 
(1083-4573)

Ampicillin and colEl 
(4574-6930)

Diagrammatic representation of PREP 8.

Nucleotide positions are shown in brackets. Total vector size is 11.8 kb. Sal I restriction 
sites used to clone the RSV promoter into pMEP4 are also shown.
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fl origin
(6-462)

LacZ
(605-503)Ampicillin

(1975-2832)

Cloning site 
(657-759)

Lac
promoter
(816-938)

Cloning Site
Kpn I
Eco0109 I, Dra II, Apa IColEl

(1032-1912) Hinc n , Acc I, Sal I
B sp I06  I, Cl a I
Hind m
EcoR  V
E co R I
P stI
Sm a I
Bm aH  I
Spe I
X b a l
Bag I
N ot I
Sac n
B stX I
S a d

Diagrammatic representation of pBKS+

Nucleotide positions are shown in brackets. Total vector size is 
2958bp. An expansion of the cloning site is also shown. The cloning 
site is flanked by nucleotide sequences complimentary to the Ml 3 
reverse primer at the 5’ end and the -20 primer at the 3’ end.
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Sequence of pMEP4
1 TCTAGAGGTC GACCAATTCT CATGTTTGAC AGCTTATCAT CGCAGATCTG 
51 AGCTTGTGGC TTCTTCTCCT TACTCTTCCT CCTCCTTGGT GTCTGTATGT 
101 TAGAGGGCCG TTAGCATCTG CATCTGCTGG GGCCTGGTCG CATTCACCTG 
151 CTCTGCCACT CACTGGCTGT GTGACTCTGC AGAAATTAAC TTCTCTGGAC 
201 CTGGCAGTTT CTCCTCTCTA CAATGAGAAT ACTGGAGAGT CCTTATCTTA 
251 TGGGTTGCTA CAGAATTAAG TGACATCTCA CACACAACAC ACTTCCTACA 
301 GTCCCTGTTA CACGCTAAAA GTACTCAACT AGCTTCGGAT ACGTCATCAG 
351 CAACCACCCC ACGGGTTACT GTGATGCTGC ACAATTATTA AGCCCTGGCT 
401 GCTACAGAGT TGTAACCTGT CTGCACTTCC AACCGGCGCC GCAAGCAGCA 
451 TTCCCAGTCC CGTTTCACCC GCGCGCTAAC GGCTCAGTTC GAGTACAGGA 
501 CAGGAGGGAG GGGAGCTGTG CACACGGCGG AGGCGCACGG CGTGGGCACC 
551 CAGCACCCGG TACACTGTGT CCTCCCGCTG CACCCAGCCC CTTCAGCCCG 
601 AGGCGTCCCC GAGGCGCAAC TGGGCCGCCT TCAGGGGAAC TGACCGCCCG 
651 CGGCCCGTGT GCAGAGCCGG GTGCGCCCGG CCCAGTGCGC GCGGCCGGGT 
701 GTTTCGCTTG GAGCCGCAAG TGACTTCTAG CGCGGGGCGT GTGCAGCACG 
751 GCCGGGGCGG GGCTTTTGCA CTCGTCCCGG CTCTTTCTAG CTATAAACAC 
801 TGCTTGCCGC GCTGCACTCC ACCACGCCTC CTCCAAGTCC CAGCGAACCC 
851 GCGTGCAACC TGTCCCGACT CTAGCCGCCT CTTCAGCTCA CGGAGGGTAC 
901 CAGCTGCTAG CAAGCTTGCT AGCGGCCGCT CGAGGCCGGC AAGGCCGGAT 
951 CCAGACATGA TAAGATACAT TGATGAGTTT GGACAAACCA CAACTAGAAT 
1001 GCAGTGAAAA AAATGCTTTA TTTGTGAAAT TTGTGATGCT ATTGCTTTAT 
1051 TTGTAACCAT TATAAGCTGC AATAAACAAG TTAACAACAA CAATTGCATT 
1101 CATTTTATGT TTCAGGTTCA GGGGGAGGTG GGGAGGTTTT TTAAAGCAAG 
1151 TAAAACCTCT ACAAATGTGG TATGGCTGAT TATGATCCGG CTGCCTCGCG 
1201 CGTTTCGGTG ATGACGGTGA AAACCTCTGA CACATGCAGC TCCCGGAGAC 
1251 GGTCACAGCT TGTCTGTAAG CGGATGCCGG GAGCAGACAA GCCCGTCAGG 
1301 GCGCGTCAGC GGGTGTTGGC GGGTGTCGGG GCGCAGCCAT GACCGGTCGA 
1351 CGGCACTGGG CGCCAGAAAT CCGCGCGGTG GTTTTTGGGG GTCGGGGGTG 
1401 TTTGGCAGCC ACAGACGCCC GGTGTTCGTG TCGCGCCAGT ACATGCGGTC 
1451 CATGCCCAGG CCATCCAAAA ACCATGGGTC TGTCTGCTCA GTCCAGTCGT 
1501 GGACCAGACC CCACGCAACG CCCAAAATAA TAACCCCCAC GAACCATAAA 
1551 CCATTCCCCA TGGGGGACCC CGTCCCTAAC CCACGGGGCC AGTGGCTATG 
1601 GCAGGGCCTG CCGCCCCGAC GTTGGCTGCG AGCCCTGGGC CTTCACCCGA 
1651 ACTTGGGGGG TGGGGTGGGG AAAAGGAAGA AACGCGGGCG TATTGGCCCC 
1701 AATGGGGTCT CGGTGGGGTA TCGACAGAGT GCCAGCCCTG GGACCGAACC 
1751 CCGCGTTTAT GAACAAACGA CCCAACACCC GTGCGTTTTA TTCTGTCTTT 
1801 TTATTGCCGT CATAGCGCGG GTTCCTTCCG GTATTGTCTC CTTCCGTGTT 
1851 TCAGTTAGCC TCCCCCATCT CCCCTATTCC TTTGCCCTCG GACGAGTGCT 
1901 GGGGCGTCGG TTTCCACTAT CGGCGAGTAC TTCTACACAG CCATCGGTCC 
1951 AGACGGCCGC GCTTCTGCGG GCGATTTGTG TACGCCCGAC AGTCCCGGCT 
2001 CCGGATCGGA CGATTGCGTC GCATCGACCC TGCGCCCAAG CTGCATCATC 
2051 GAAATTGCCG TCAACCAAGC TCTGATAGAG TTGGTCAAGA CCAATGCGGA 
2101 GCATATACGC CCGGAGCCGC GGCGATCCTG CAAGCTCCGG ATGCCTCCGC 
2151 TCGAAGTAGC GCGTCTGCTG CTCCATACAA GCCAACCACG GCCTCCAGAA 
2201 GAAGATGTTG GCGACCTCGT ATTGGGAATC CCCGAACATC GCCTCGCTCC 
2251 AGTCAATGAC CGCTGTTATG CGGCCATTGT CCGTCAGGAC ATTGTTGGAG 
2301 CCGAAATCCG CGTGCACGAG GTGCCGGACT TCGGGGCAGT CCTCGGCCCA 
2351 AAGCATCAGC TCATCGAGAG CCTGCGCGAC GGACGCACTG ACGGTGTCGT 
2401 CCATCACAGT TTGCCAGTGA TACACATGGG GATCAGCAAT CGCGCATATG 
2451 AAATCACGCC ATGTAGTGTA TTGACCGATT CCTTGCGGTC CGAATGGGCC 
2501 GAACCCGCTC GTCTGGCTAA GATCGGCCGC AGCGATCGCA TCCATGGCCT 
2551 CCGCGACCGG CTGCAGAACA GCGGGCAGTT CGGTTTCAGG CAGGTCTTGC
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2601 AACGTGACAC CCTGTGCACG GCGGGAGATG CAATAGGTCA GGCTCTCGCT 
2651 GAATTCCCCA ATGTCAAGCA CTTCCGGAAT CGGGAGCGCG GCCGATGCAA 
2701 AGTGCCGATA AACATAACGA TCTTTGTAGA AACCATCGGC GCAGCTATTT 
2751 ACCCGCAGGA CATATCCACG CCCTCCTACA TCGAAGCTGA AAGCACGAGA 
2801 TTCTTCGCCC TCCGAGAGCT GCATCAGGTC GGAGACGCTG TCGAACTTTT 
2851 CGATCAGAAA CTTCTCGACA GACGTCGCGG TGAGTTCAGG CTTTTTCATA 
2901 TCTCATTGCC CGGGATCTGC GGCACGCTGT TGACGCTGTT AAGCGGGTCG 
2951 CTGCAGGGTC GCTCGGTGTT CGAGGCCACA CGCGTCACCT TAATATGCGA 
3001 AGTGGACCTG GGACCGCGCC GCCCCGACTG CATCTGCGTG TTCGAATTCG 
3051 CCAATGACAA GACGCTGGGC GGGGTTTGTG TCATCATAGA ACTAAAGACA 
3101 TGCAAATATA TTTCTTCCGG GGACACCGCC AGCAAACGCG AGCAACGGGC 
3151 CACGGGGATG AAGCAGGGCA TGGCGGCCGA CGCGCTGGGC TACGTCTTGC 
3201 TGGCGTTCGC GACGCGAGGC TGGATGGCCT TCCCCATTAT GATTCTTCTC 
3251 GCTTCCGGCG GCATCGGGAT GCCCGCGTTG CAGGCCATGC TGTCCAGGCA 
3301 GGTAGATGAC GACCATCAGG GACAGCTTCA AGGATCGCTC GCGGCTCTTA 
3351 CCAGCCTAAC TTCGATCACT GGACCGCTGA TCGTCACGGC GATTTATGCC 
3401 GCCTCGGCGA GCACATGGAA CGGGTTGGCA TGGATTGTAG GCGCCGCCCT 
3451 ATACCTTGTC TGCCTCCCCG CGTTGCGTCG CGGTGCATGG AGCCGGGCCA 
3501 CCTCGACCTG AATGGAAGCC GGCGGCACCT CGCTAACGGA TTCACCACTC 
3551 CAAGAATTGG AGCCAATCAA TTCTTGCGGA GAACTGTGAA TGCGCAAACC 
3601 AACCCTTGGC AGAACATATC CATCGCGTCC GCCATCTCCA GCAGCCGCAC 
3651 GCGGCGCAGC AAAAGGCCAG GAACCGTAAA AAGGCCGCGT TGCTGGCGTT 
3701 TTTCCATAGG CTCCGCCCCC CTGACGAGCA TCACAAAAAT CGACGCTCAA 
3751 GTCAGAGGTG GCGAAACCCG ACAGGACTAT AAAGATACCA GGCGTTTCCC 
3801 CCTGGAAGCT CCCTCGTGCG CTCTCCTGTT CCGACCCTGC CGCTTACCGG 
3851 ATACCTGTCC GCCTTTCTCC CTTCGGGAAG CGTGGCGCTT TCTCATAGCT 
3901 CACGCTGTAG GTATCTCAGT TCGGTGTAGG TCGTTCGCTC CAAGCTGGGC 
3951 TGTGTGCACG AACCCCCCGT TCAGCCCGAC CGCTGCGCCT TATCCGGTAA 
4001 CTATCGTCTT GAGTCCAACC CGGTAAGACA CGACTTATCG CCACTGGCAG 
4051 CAGCCACTGG TAACAGGATT AGCAGAGCGA GGTATGTAGG CGGTGCTACA 
4101 GAGTTCTTGA AGTGGTGGCC TAACTACGGC TACACTAGAA GGACAGTATT 
4151 TGGTATCTGC GCTCTGCTGA AGCCAGTTAC CTTCGGAAAA AGAGTTGGTA 
4201 GCTCTTGATC CGGCAAACAA ACCACCGCTG GTAGCGGTGG TTTTTTTGTT 
4251 TGCAAGCAGC AGATTACGCG CAGAAAAAAA GGATCTCAAG AAGATCCTTT 
4301 GATCTTTTCT ACGGGGTCTG ACGCTCAGTG GAACGAAAAC TCACGTTAAG 
4351 GGATTTTGGT CATGAGATTA TCAAAAAGGA TCTTCACCTA GATCCTTTTA 
4401 AATTAAAAAT GAAGTTTTAA ATCAATCTAA AGTATATATG AGTAAACTTG 
4451 GTCTGACAGT TACCAATGCT TAATCAGTGA GGCACCTATC TCAGCGATCT 
4501 GTCTATTTCG TTCATCCATA GTTGCCTGAC TCCCCGTCGT GTAGATAACT 
4551 ACGATACGGG AGGGCTTACC ATCTGGCCCC AGTGCTGCAA TGATACCGCG 
4601 AGACCCACGC TCACCGGCTC CAGATTTATC AGCAATAAAC CAGCCAGCCG 
4651 GAAGGGCCGA GCGCAGAAGT GGTCCTGCAA CTTTATCCGC CTCCATCCAG 
4701 TCTATTAATT GTTGCCGGGA AGCTAGAGTA AGTAGTTCGC CAGTTAATAG 
4751 TTTGCGCAAC GTTGTTGCCA TTGCTGCAGG CATCGTGGTG TCACGCTCGT 
4801 CGTTTGGTAT GGCTTCATTC AGCTCCGGTT CCCAACGATC AAGGCGAGTT 
4851 ACATGATCCC CCATGTTGTG CAAAAAAGCG GTTAGCTCCT TCGGTCCTCC 
4901 GATCGTTGTC AGAAGTAAGT TGGCCGCAGT GTTATCACTC ATGGTTATGG 
4951 CAGCACTGCA TAATTCTCTT ACTGTCATGC CATCCGTAAG ATGCTTTTCT 
5001 GTGACTGGTG AGTACTCAAC CAAGTCATTC TGAGAATAGT GTATGCGGCG 
5051 ACCGAGTTGC TCTTGCCCGG CGTCAACACG GGATAATACC GCGCCACATA 
5101 GCAGAACTTT AAAAGTGCTC ATCATTGGAA AACGTTCTTC GGGGCGAAAA 
5151 CTCTCAAGGA TCTTACCGCT GTTGAGATCC AGTTCGATGT AACCCACTCG 
5201 TGCACCCAAC TGATCTTCAG CATCTTTTAC TTTCACCAGC GTTTCTGGGT 
5251 GAGCAAAAAC AGGAAGGCAA AATGCCGCAA AAAAGGGAAT AAGGGCGACA
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5301 CGGAAATGTT GAATACTCAT ACTCTTCCTT TTTCAATATT ATTGAAGCAT 
5351 TTATCAGGGT TATTGTCTCA TGAGCGGATA CATATTTGAA TGTATTTAGA 
5401 AAAATAAACA AATAGGGGTT CCGCGCACAT TTCCCCGAAA AGTGCCACCT 
5451 GACGTCTAAG AAACCATTAT TATCATGACA TTAACCTATA AAAATAGGCG 
5501 TATCACGAGG CCCTTTCGTC TTCAAGAATT CTCATGTTTG ACAGCTTATC 
5551 ATCGATAAGC TGATCCTCAC AGGCCGCACC CAGCTTTTCT TCCGTTGCCC 
5601 CAGTAGCATC TCTGTCTGGT GACCTTGAAG AGGAAGAGGA GGGGTCCCGA 
5651 GAATCCCCAT CCCTACCGTC CAGCAAAAAG GGGGACGAGG AATTTGAGGC 
5701 CTGGCTTGAG GCTCAGGACG CAAATCTTGA GGATGTTCAG CGGGAGTTTT 
5751 CCGGGCTGCG AGTAATTGGT GATGAGGACG AGGATGGTTC GGAGGATGGG 
5801 GAATTTTCAG ACCTGGATCT GTCTGACAGC GACCATGAAG GGGATGAGGG 
5851 TGGGGGGGCT GTTGGAGGGG GCAGGAGTCT GCACTCCCTG TATTCACTGA 
5901 GCGTCGTCTA ATAAAGATGT CTATTGATCT CTTTTAGTGT GAATCATGTC 
5951 TGACGAGGGG CCAGGTACAG GACCTGGAAA TGGCCTAGGA GAGAAGGGAG 
6001 ACACATCTGG ACCAGAAGGC TCCGGCGGCA GTGGACCTCA AAGAAGAGGG 
6051 GGTGATAACC ATGGACGAGG ACGGGGAAGA GGACGAGGAC GAGGAGGCGG 
6101 AAGACCAGGA GCCCCGGGCG GCTCAGGATC AGGGCCAAGA CATAGAGATG 
6151 GTGTCCGGAG ACCCCAAAAA CGTCCAAGTT GCATTGGCTG CAAAGGGACC 
6201 CACGGTGGAA CAGGAGCAGG AGCAGGAGCG GGAGGGGCAG GAGCAGGAGG 
6251 GGCAGGAGCA GGAGGAGGGG CAGGAGCAGG AGGAGGGGCA GGAGGGGCAG 
6301 GAGGGGCAGG AGGGGCAGGA GCAGGAGGAG GGGCAGGAGC AGGAGGAGGG 
6351 GGAGGAGGGG CAGGAGGGGC AGGAGCAGGA GGAGGGGCAG GAGCAGGAGG 
6401 AGGGGCAGGA GGGGCAGGAG CAGGAGGAGG GGCAGGAGGG GGAGGAGGGG 
6451 CAGGAGCAGG AGGAGGGGCA GGAGCAGGAG GAGGGGCAGG AGGGGCAGGA 
6501 GCAGGAGGAG GGGCAGGAGG GGCAGGAGGG GCAGGAGCAG GAGGAGGGGC 
6551 AGGAGCAGGA GGGGCAGGAG GGGCAGGAGG GGCAGGAGCA GGAGGGGCAG 
6601 GAGCAGGAGG AGGGGCAGGA GGGGCAGGAG GGGCAGGAGC AGGAGGGGCA 
6651 GGAGCAGGAG GGGCAGGAGC AGGAGGGGCA GGAGCAGGAG GGGCAGGAGG 
6701 GGCAGGAGCA GGAGGGGCAG GAGGGGCAGG AGGAGGAGGG GGAGGAGGGG 
6751 CAGGAGCAGG AGGAGGGGCA GGAGGGGCAG GAGCAGGAGG AGGGGCAGGA 
6801 GGGGCAGGAG CAGGAGGGGC AGGAGGGGCA GGAGCAGGAG GGGCAGGAGG 
6851 GGCAGGAGCA GGAGGGGCAG GAGGGGCAGG AGCAGGAGGA GGGGCAGGAG 
6901 CAGGAGGGGC AGGAGCAGGA GGTGGAGGCC GGGGTCGAGG AGGCAGTGGA 
6951 GGCCGGGGTC GAGGAGGTAG TGGAGGCCGG GGTCGAGGAG GTAGTGGAGG 
7001 CCGCCGGGGT AGAGGACGTG AAAGAGCCAG GGGGGGAAGT CGTGAAAGAG 
7051 CCAGGGGGAG AGGTCGTGGA CGTGGAGAAA AGAGGCCCAG GAGTCCCAGT 
7101 AGTCAGTCAT CATCATCCGG GTCTCCACCG CGCAGGCCCC CTCCAGGTAG 
7151 AAGGCCATTT TTCCACCCTG TAGGGGAAGC CGATTATTTT GAATACCACC 
7201 AAGAAGGTGG CCCAGATGGT GAGCCTGACG TGCCCCCGGG AGCGATAGAG 
7251 CAGGGCCCCG CAGATGACCC AGGAGAAGGC CCAAGCACTG GACCCCGGGG 
7301 TCAGGGTGAT GGAGGCAGGC GCAAAAAAGG AGGGTGGTTT GGAAAGCATC 
7351 GTGGTCAAGG AGGTTCCAAC CCGAAATTTG AGAACATTGC AGAAGGTTTA 
7401 AGAGCTCTCC TGGCTAGGAG TCACGTAGAA AGGACTACCG ACGAAGGAAC 
7451 TTGGGTCGCC GGTGTGTTCG TATATGGAGG TAGTAAGACC TCCCTTTACA 
7501 ACCTAAGGCG AGGAACTGCC CTTGCTATTC CACAATGTCG TCTTACACCA 
7551 TTGAGTCGTC TCCCCTTTGG AATGGCCCCT GGACCCGGCC CACAACCTGG 
7601 CCCGCTAAGG GAGTCCATTG TCTGTTATTT CATGGTCTTT TTACAAACTC 
7651 ATATATTTGC TGAGGTTTTG AAGGATGCGA TTAAGGACCT TGTTATGACA 
7701 AAGCCCGCTC CTACCTGCAA TATCAGGGTG ACTGTGTGCA GCTTTGACGA 
7751 TGGAGTAGAT TTGCCTCCCT GGTTTCCACC TATGGTGGAA GGGGCTGCCG 
7801 CGGAGGGTGA TGACGGAGAT GACGGAGATG AAGGAGGTGA TGGAGATGAG 
7851 GGTGAGGAAG GGCAGGAGTG ATGTAACTTG TTAGGAGACG CCCTCAATCG 
7901 TATTAAAAGC CGTGTATTCC CCCGCACTAA AGAATAAATC CCCAGTAGAC 
7951 ATCATGCGTG CTGTTGGTGT ATTTCTGGCC ATCTGTCTTG TCACCATTTT
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8001 CGTCCTCCCA ACATGGGGCA ATTGGGCATA CCCATGTTGT CACGTCACTC 
8051 AGCTCCGCGC TCAACACCTT CTCGCGTTGG AAAACATTAG CGACATTTAC 
8101 CTGGTGAGCA ATCAGACATG CGACGGCTTT AGCCTGGCCT CCTTAAATTC 
8151 ACCTAAGAAT GGGAGCAACC AGCATGCAGG AAAAGGACAA GCAGCGAAAA 
8201 TTCACGCCCC CTTGGGAGGT GGCGGCATAT GCAAAGGATA GCACTCCCAC 
8251 TCTACTACTG GGTATCATAT GCTGACTGTA TATGCATGAG GATAGCATAT 
8301 GCTACCCGGA TACAGATTAG GATAGCATAT ACTACCCAGA TATAGATTAG 
8351 GATAGCATAT GCTACCCAGA TATAGATTAG GATAGCCTAT GCTACCCAGA 
8401 TATAAATTAG GATAGCATAT ACTACCCAGA TATAGATTAG GATAGCATAT 
8451 GCTACCCAGA TATAGATTAG GATAGCCTAT GCTACCCAGA TATAGATTAG 
8501 GATAGCATAT GCTACCCAGA TATAGATTAG GATAGCATAT GCTATCCAGA 
8551 TATTTGGGTA GTATATGCTA CCCAGATATA AATTAGGATA GCATATACTA 
8601 CCCTAATCTC TATTAGGATA GCATATGCTA CCCGGATACA GATTAGGATA 
8651 GCATATACTA CCCAGATATA GATTAGGATA GCATATGCTA CCCAGATATA 
8701 GATTAGGATA GCCTATGCTA CCCAGATATA AATTAGGATA GCATATACTA 
8751 CCCAGATATA GATTAGGATA GCATATGCTA CCCAGATATA GATTAGGATA 
8801 GCCTATGCTA CCCAGATATA GATTAGGATA GCATATGCTA TCCAGATATT 
8851 TGGGTAGTAT ATGCTACCCA TGGCAACATT AGCCCACCGT GCTCTCAGCG 
8901 ACCTCGTGAA TATGAGGACC AACAACCCTG TGCTTGGCGC TCAGGCGCAA 
8951 GTGTGTGTAA TTTGTCCTCC AGATCGCAGC AATCGCGCCC CTATCTTGGC 
9001 CCGCCCACCT ACTTATGCAG GTATTCCCCG GGGTGCCATT AGTGGTTTTG 
9051 TGGGCAAGTG GTTTGACCGC AGTGGTTAGC GGGGTTACAA TCAGCCAAGT 
9101 TATTACACCC TTATTTTACA GTCCAAAACC GCAGGGCGGC GTGTGGGGGC 
9151 TGACGCGTGC CCCCACTCCA CAATTTCAAA AAAAAGAGTG GCCACTTGTC 
9201 TTTGTTTATG GGCCCCATTG GCGTGGAGCC CCGTTTAATT TTCGGGGGTG 
9251 TTAGAGACAA CCAGTGGAGT CCGCTGCTGT CGGCGTCCAC TCTCTTTCCC 
9301 CTTGTTACAA ATAGAGTGTA ACAACATGGT TCACCTGTCT TGGTCCCTGC 
9351 CTGGGACACA TCTTAATAAC CCCAGTATCA TATTGCACTA GGATTATGTG 
9401 TTGCCCATAG CCATAAATTC GTGTGAGATG GACATCCAGT CTTTACGGCT 
9451 TGTCCCCACC CCATGGATTT CTATTGTTAA AGATATTCAG AATGTTTCAT 
9501 TCCTACACTA GTATTTATTG CCCAAGGGGT TTGTGAGGGT TATATTGGTG 
9551 TCATAGCACA ATGCCACCAC TGAACCCCCC GTCCAAATTT TATTCTGGGG 
9601 GCGTCACCTG AAACCTTGTT TTCGAGCACC TCACATACAC CTTACTGTTC 
9651 ACAACTCAGC AGTTATTCTA TTAGCTAAAC GAAGGAGAAT GAAGAAGCAG 
9701 GCGAAGATTC AGGAGAGTTC ACTGCCCGCT CCTTGATCTT CAGCCACTGC 
9751 CCTTGTGACT AAAATGGTTC ACTACCCTCG TGGAATCCTG ACCCCATGTA 
9801 AATAAAACCG TGACAGCTCA TGGGGTGGGA GATATCGCTG TTCCTTAGGA 
9851 CCCTTTTACT AACCCTAATT CGATAGCATA TGCTTCCCGT TGGGTAACAT 
9901 ATGCTATTGA ATTAGGGTTA GTCTGGATAG TATATACTAC TACCCGGGAA 
9951 GCATATGCTA CCCGTTTAGG GTTAACAAGG GGGCCTTATA AACACTATTG 
10001 CTAATGCCCT CTTGAGGGTC CGCTTATCGG TAGCTACACA GGCCCCTCTG 
10051 ATTGACGTTG GTGTAGCCTC CCGTAGTCTT CCTGGGCCCC TGGGAGGTAC 
10101 ATGTCCCCCA GCATTGGTGT AAGAGCTTCA GCCAAGAGTT ACACATAAAG 
10151 GCAATGTTGT GTTGCAGTCC ACAGACTGCA AAGTCTGCTC CAGGATGAAA 
10201 GCCACTCAGT GTTGGCAAAT GTGCACATCC ATTTATAAGG ATGTCAACTA 
10251 CAGTCAGAGA ACCCCTTTGT GTTTGGTCCC CCCCCGTGTC ACATGTGGAA 
10301 CAGGGCCCAG TTGGCAAGTT GTACCAACCA ACTGAAGGGA TTACATGCAC 
10351 TGCCCCGAAT ACAAAACAAA AGCGCTCCTC GTACCAGCGA AGAAGGGGCA 
10401 GAGATGCCGT AGTCAGGTTT AGTTCGTCCG GCGGCGGGGC
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Sequence o f  pREP8

TCTAGAGTCGACCGGTCATGGCTGCGCCCCGACACCCGCCAACACCCGCTGACGCGCCCTGA
CGGGCTTGTCTGCTCCCGGCATCCGCTTACAGACAAGCTGTG
ACCGTCTCCGGGAGCTGCATGTGTCAGAGGTTTTCACCGTCATCACCGAAACGCGCGAGGCA
GCCGGATCATAATCAGCCATACCACATTTGTAGAGGTTTTAC
TTGCTTTAAAAAACCTCCCCACCTCCCCCTGAACCTGAAACATAAAATGAATGCAATTGTTGT
TGTTAACTTGTTTATTGCAGCTTATAATGGTTACAAATAAA
GCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTGGTTTGTC
CAAACTCATCAATGTATCTTATCATGTCTGGATCCGGCCT
TGCCGGCCTCGAGCGGCCGCTAGCAAGCTTGCTAGCAGCTGGTACCCAGCTTGGAGGTGCAC
ACCAATGTGGTGAATGGTCAAATGGCGTTTATTGTATCGAGC
TAGGCACTTAAATACAATATCTCTGCAATGCGGAATTCAGTGGTTCGTCCAATCCATGTCAGA
CCCGTCTGTTGCCTTCCTAATAAGGCACGATCGTACCACCT
TACTTCCACCAATCGGCATGCACGGTGCTTTTTCTCTCCTTGTAAGGCATGTTGCTAACTCATC
GTTACCATGTTGCAAGACTACAAGAGTATTGCATAAGACT
ACATTTCCCCCTCCCTATGCAAAAGCGAAACTACTATATCCTGAGGGGACTCCTAACCGCGTA
CAACCGAAGCCCCGCTTTTCGCCTAAACACACCCTAGTCCC
CTCAGATACGCGTATATCTGGCCCGTACATCGCGAAGCAGCGCAAAACGCCTAACCCTAAGC
AGATTCTTCATGCAATTGTCGGTCAAGCCTTGCCTTGTTGTA
GCTTAAATTTTGCTCGCGCACTACTCAGCGACCTCCAACACACAAGCAGGGAGCAGATACTG
GCTTAACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCA
CCATACGGATCTGCGATGATAAGCTGTCAAACATGAGAATTGGTCGACCTGCAGCCAGCTCA
GATCTTGAATTCCTTTGCCTAATTTAAATGAGGACTTAACCT
GTGGAAATATTTTGATGTGGGAAGCTGTTACTGTTAAAACTGAGGTTATTGGGGTAACTGCTA
TGTTAAACTTGCATTCAGGGACACAAAAAACTCATGAAAAT
GGTGCTGGAAAACCCATTCAAGGGTCAAATTTTCATTTTTTTGCTGTTGGTGGGGAACCTTTG
GAGCTGCAGGGTGTGTTAGCAAACTACAGGACCAAATATCC
TGCTCAAACTGTAACCCCAAAAAATGCTACAGTTGACAGTCAGCAGATGAACACTGACCACA
AGGCTGTTTTGGATAAGGAAATGCTTATCCAGTGGAGTGCTG
GGTTCCTGATCCAAGTAAAAATGAAAACACTAGATATTTTGGAACCTACACAGGTGGGGAAA
ATGTGCCTCCTGTTTTGCACATTACTAACACAGCAACCACAG
TGCTTCTTGATGAGCAGGGTGTTGGGCCCTTGTGCAAAGCTGACAGCTTGTATGTTTCTGCTG
TTGACATTTGTGGGCTGTTTACCAACACTTCTGGAACACAG
CAGTGGAAGGGACTTCCCAGATATTTTAAAATTACCCTTAGAAAGCGGTCTGTGAAAAACCC
CTACCCAATTTCCTTTTTGTTAAGTGACCTAATTAACAGGAG
GACACAGAGGGTGGATGGGCAGCCTATGATTGGAATGTCCTCTCAAGTAGAGGAGGTTAGGG
TTTATGAGGACACAGAGGAGCTTCCTGGGGATCAGACATGAT
AAGATACATTGATGAGTTTGGACAAACCACAACTAGAATGCAGTGAAAAAAATGCTTTATTT
GTGAAATTTGTGATGCTATTGCTTTATTTGTAACCATTATAA
GCTGCAATAAACAAGTTAACAACAACAATTGCATTCATTTTATGTTTCAGGTTCAGGGGGAGG

GGTATGGCTGATTATGATCTCTAGTCAAGGCACTATACATCAAATATTCCTTATTAACCCCTTT
ACAAATTAAAAAGCTAAAGGTACACAATTTTTGAGCATAG
TTATTAATAGCAGACACTCTATGCCTGTGTGGAGTAAGAAAAAACAGTATGrrATGATTATAA
CTGTTATGCCTACTTATAAAGGTTACAGAATATTTTTCCAT
AATTTTCTTGTATAGCAGTGCAGCTTTTTCCTTTGTGGTGTAAATAGCAAAGCAAGCAAGAGT
TCTATTACTAAACACAGCATGACTCAAAAAACTTAGCAATT
CTGAAGGAAAGTCCTTGGGGTCTTCTACCTTTCTCTTCTTTTTTGGAGGAGTAGAATGTTGAG
AGTCAGCAGTAGCCTCATCATCACTAGATGGCATTTCTTCT
GAGCAAAACAGGTTTTCCTCATTAAAGGCATTCCACCACTGCTCCCATTCATCAGTTCCATAG
GTTGGAATCTAAAATACACAAACAATTAGAATCAGTAGTTT
AACACATTATACACTTAAAAATTTTATATTTACCTTAGAGCTTTAAATCTCTGTAGGTAGTTTG
TCCAATTATGTCACACCACAGAAGTAAGGTTCCTTCACAA
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AGATCCCGGGCTAAGTCAGCGACGCTGAGAGTGTTTTCAGTGCTCATGCTTGCTCCTTGAGGG
CGTTTACGCGCAGGGTCACGGCATTTTTATGGGCGGTCAGA
CGTTCTGCCGCCGCCAATGTTTCAATGGTTGATGCCAGAGCGGAAAAGCCCGCTTTCGACAGT
TCCTGAACGGTCATCCGTTTCTGGAAATCCGCTAACCCAAG
GCTGGAACAGGTAGCAGTATAGCCATAGGTCGGTAAAACATGGTTGGTTCCGGAAGCGTAAT
CACCGGCGGATTCCGGCGACCAGTCGCCGAGAAATACCGAGC
CTGCGCTGGTAATCGCATCCACCAAATCGCGCGCATTGCGCGTCTGGATGATTAAGTGTTCCG
GCCCATACTGATTAGAGATGGCGACGCACTGCGCTAAATCT
TTGGTCACAATCAGACGACTGGCGCTCAGGGCCTGCCGGGCGGTGTCCGCGCGCGGCAGTTC
CGCCAGTTGACGTTCTACCGCCTCCGCCACCTTGCGGGCAAT
GTCAGCATCAGGCGTCAGCAGGATCACCTGGGAATCCGGGCCGTGCTCAGCCTGGGAGAGCA
GGTCAGAAGCGACGAAATCCGGTGTTGCGCCGCTGTCTGCGA
TCACCAGTACTTCAGACGGCCCGGCTGGCATATCGATAGCCGCGCCGTCGAGACGCTGGCTG
ACCTGACGTTTGGCTTCGGTTACAAAGGCGTTGCCGGGGCCA
AAAATTTTATCCACTTTCGGTACGGACTCGCTGCCGAAGGCCAGAGCGGCAATCGCCTGCGCG
CCGCCGACGTTAAAGATTTCCTGCACGCCACACAGTTGCGC
CGCATAGAGGATTTCATCAGCGATGGGCGGCGGCGAGCACAGAACCACCTTCTGGCATCCCG
CAATGCGCGCCGGCGTCGCCAGCATCAGCACCGTTGAGAAGA
GCGGAGCCGAGCCGCCGGGAATATACAGACCGACAGACGAGACGGGACGCGTAACCTGCTG
GCAACGCACGCCTGGCTGGGTTTCCACATCTACAGGCGGTAGC
GTCTGCGCGGAATGGAACGTTTCAATATTTTTGACGGCAGCGGTCATCGCCTGTTTTAATTCG
TCGCTCAGACGCGCGCCGGCGGCGGCGATCTCTTCAGGGGT
GACGCGTAGCGCTGTCACTTCTGTTTTATCAAATTTAGCGCTGTATTCACGCAGGGCATCGTC
ACCGCGCGTTTTTACATTATCCAGAATATCGCTGACCGTCC
GGGTAATACTGTCAGAGGCGGAAATCGCCGGACGCGTCAGCAGCGCACGCTGCTGTTCAGGG
CTACAGCTGTTCCAGTCAATCAGGGTATTGAAGCTCATGGTC
CGGGATCTGAGCTTTTTGCAAAAGCCTAGGCCTCCAAAAAAGCCTCCTCACTACTTCTGGAAT
AGCTCAGAGGCCGAGGCGGCCTCGGCCTCTGCATAAAATAA
AAAAAATTAGTCAGCCATGGGGCGGAGAATGGGCGGAACTGGGCGGAGTTAGGGGCGGGAT
GGGCGGAGTTAGGGGCGGGACTATGGTTGCTGACTAATTGAGA
TGCATGCTTTGCATACTTCTGCCTGCTGGGGAGCCTGGTTGCTGACTAATTGAGATGCATGCT
TTGCATACTTCTGCCTGCTGGGGAGCCTGGGGACTTTCCAC
ACCCTAACTGACACACATTCCACAGCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAAACCTC
TGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTA
AGCGGATGCCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGG
GCGCAGCCATGACCCAGTCACGTAGCGATAGCGGAGTGTATC
AGATCTGCGACGCGAGGCTGGATGGCCTTCCCCATTATGATTCTTCTCGCTTCCGGCGGCATC
GGGATGCCCGCGTTGCAGGCCATGCTGTCCAGGCAGGTAGA
TGACGACCATCAGGGACAGCTTCAAGGATCGCTCGCGGCTCTTACCAGCCTAACTTCGATCAC
TGGACCGCTGATCGTCACGGCGATTTATGCCGCCTCGGCGA
GCACATGGAACGGGTTGGCATGGATTGTAGGCGCCGCCCTATACCTTGTCTGCCTCCCCGCGT
TGCGTCGCGGTGCATGGAGCCGGGCCACCTCGACCTGAATG
GAAGCCGGCGGCACCTCGCTAACGGATTCACCACTCCAAGAATTGGAGCCAATCAATTCTTG
CGGAGAACTGTGAATGCGCAAACCAACCCTTGGCAGAACATA
TCCATCGCGTCCGCCATCTCCAGCAGCCGCACGCGGCGCAGCAAAAGGCCAGGAACCGTAAA
AAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCT
GACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAA
GATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCC
TGTTCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCTT
TCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGG
TCGTTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTAT
CCGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGAC
TTATCGCCACTGGCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGC
TACAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAG
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AAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAG
CTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTT
TTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCT
TTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGT
TAAGGGATTTTGGTCATGAGATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAA
TGAAGTTTTAAATCAATCTAAAGTATATATGAGTAAACTTG
GTCTGACAGTTACCAATGCTTAATCAGTGAGGCACCTATCTCAGCGATCTGTCTATTTCGTTC
ATCCATAGTTGCCTGACTCCCCGTCGTGTAGATAACTACGA
TACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCGAGACCCACGCTCACCG
GCTCCAGATTTATCAGCAATAAACCAGCCAGCCGGAAGGGCC
GAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAATTGTTGCCGGGAA
GCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGT
TGTTGCCATTGCTGCAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTCAGCTCC
GGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGT
TGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGATCGTTGTCAGAAGTAAGTTGGCCGCAG
TGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTT
ACTGTCATGCCATCCGTAAGATGCTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGA
GAATAGTGTATGCGGCGACCGAGTTGCTCTTGCCCGGCGTC
AACACGGGATAATACCGCGCCACATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTT
CTTCGGGGCGAAAACTCTCAAGGATCTTACCGCTGTTGAGAT
CCAGTTCGATGTAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGT
TTCTGGGTGAGCAAAAACAGGAAGGCAAAATGCCGCAAAA
AAGGGAATAAGGGCGACACGGAAATGTTGAATACTCATACTCTTCCTTTTTCAATATTATTGA
AGCATTTATCAGGGTTATTGTCTCATGAGCGGATACATATT
TGAATGTATTTAGAAAAATAAACAAATAGGGGTTCCGCGCACATTTCCCCGAAAAGTGCCAC
CTGACGTCTAAGAAACCATTATTATCATGACATTAACCTATA
AAAATAGGCGTATCACGAGGCCCTTTCGTCTTCAAGAATTCTCATGTTTGACAGCTTATCATC
GATAAGCTGATCCTCACAGGCCGCACCCAGCTTTTCTTCCG
TTGCCCCAGTAGCATCTCTGTCTGGTGACCTTGAAGAGGAAGAGGAGGGGTCCCGAGAATCC
CCATCCCTACCGTCCAGCAAAAAGGGGGACGAGGAATTTGAG
GCCTGGCTTGAGGCTCAGGACGCAAATCTTGAGGATGTTCAGCGGGAGTTTTCCGGGCTGCG
AGTAATTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGA
ATTTTCAGACCTGGATCTGTCTGACAGCGACCATGAAGGGGATGAGGGTGGGGGGGCTGTTG
GAGGGGGCAGGAGTCTGCACTCCCTGTATTCACTGAGCGTCG
TCTAATAAAGATGTCTATTGATCTCTTTTAGTGTGAATCATGTCTGACGAGGGGCCAGGTACA
GGACCTGGAAATGGCCTAGGAGAGAAGGGAGACACATCTGG
ACCAGAAGGCTCCGGCGGCAGTGGACCTCAAAGAAGAGGGGGTGATAACCATGGACGAGGA
CGGGGAAGAGGACGAGGACGAGGAGGCGGAAGACCAGGAGCCC
CGGGCGGCTCAGGATCAGGGCCAAGACATAGAGATGGTGTCCGGAGACCCCAAAAACGTCCA
AGTTGCATTGGCTGCAAAGGGACCCACGGTGGAACAGGAGCA
GGAGCAGGAGCGGGAGGGGCAGGAGCAGGAGGGGCAGGAGCAGGAGGAGGGGCAGGAGCA
GGAGGAGGGGCAGGAGGGGCAGGAGGGGCAGGAGGGGCAGGAGC
AGGAGGAGGGGCAGGAGCAGGAGGAGGGGCAGGAGGGGCAGGAGGGGCAGGAGCAGGAGG
AGGGGCAGGAGCAGGAGGAGGGGCAGGAGGGGCAGGAGCAGGAG
GAGGGGCAGGAGGGGCAGGAGGGGCAGGAGCAGGAGGAGGGGCAGGAGCAGGAGGAGGGG
CAGGAGGGGCAGGAGCAGGAGGAGGGGCAGGAGGGGCAGGAGGG
GCAGGAGCAGGAGGAGGGGCAGGAGCAGGAGGGGCAGGAGGGGCAGGAGGGGCAGGAGCA
GGAGGGGCAGGAGCAGGAGGAGGGGCAGGAGGGGCAGGAGGGGC
AGGAGCAGGAGGGGCAGGAGCAGGAGGGGCAGGAGCAGGAGGGGCAGGAGCAGGAGGGGC
AGGAGGGGCAGGAGCAGGAGGGGCAGGAGGGGCAGGAGCAGGAG
GGGCAGGAGGGGCAGGAGCAGGAGGAGGGGCAGGAGGGGCAGGAGCAGGAGGAGGGGCAG
GAGGGGCAGGAGCAGGAGGGGCAGGAGGGGCAGGAGCAGGAGGG
GCAGGAGGGGCAGGAGCAGGAGGGGCAGGAGGGGCAGGAGCAGGAGGAGGGGCAGGAGCA
GGAGGGGCAGGAGCAGGAGGTGGAGGCCGGGGTCGAGGAGGCAG
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TGGAGGCCGGGGTCGAGGAGGTAGTGGAGGCCGGGGTCGAGGAGGTAGTGGAGGCCGCCGG
GGTAGAGGACGTGAAAGAGCCAGGGGGGGAAGTCGTGAAAGAG
CCAGGGGGAGAGGTCGTGGACGTGGAGAAAAGAGGCCCAGGAGTCCCAGTAGTCAGTCATC
ATCATCCGGGTCTCCACCGCGCAGGCCCCCTCCAGGTAGAAGG
CCATTTTTCCACCCTGTAGGGGAAGCCGATTATTTTGAATACCACCAAGAAGGTGGCCCAGAT
GGTGAGCCTGACGTGCCCCCGGGAGCGATAGAGCAGGGCCC
CGCAGATGACCCAGGAGAAGGCCCAAGCACTGGACCCCGGGGTCAGGGTGATGGAGGCAGG
CGCAAAAAAGGAGGGTGGTTTGGAAAGCATCGTGGTCAAGGAG
GTTCCAACCCGAAATTTGAGAACATTGCAGAAGGTTTAAGAGCTCTCCTGGCTAGGAGTCAC
GTAGAAAGGACTACCGACGAAGGAACTTGGGTCGCCGGTGTG
TTCGTATATGGAGGTAGTAAGACCTCCCTTTACAACCTAAGGCGAGGAACTGCCCTTGCTATT
CCACAATGTCGTCTTACACCATTGAGTCGTCTCCCCTTTGG
AATGGCCCCTGGACCCGGCCCACAACCTGGCCCGCTAAGGGAGTCCATTGTCTGTTATTTCAT
GGTCTTTTTACAAACTCATATATTTGCTGAGGTTTTGAAGG
ATGCGATTAAGGACCTTGTTATGACAAAGCCCGCTCCTACCTGCAATATCAGGGTGACTGTGT
GCAGCTTTGACGATGGAGTAGATTTGCCTCCCTGGTTTCCA
CCTATGGTGGAAGGGGCTGCCGCGGAGGGTGATGACGGAGATGACGGAGATGAAGGAGGTG
ATGGAGATGAGGGTGAGGAAGGGCAGGAGTGATGTAACTTGTT
AGGAGACGCCCTCAATCGTATTAAAAGCCGTGTATTCCCCCGCACTAAAGAATAAATCCCCA
GTAGACATCATGCGTGCTGTTGGTGTATTTCTGGCCATCTGT
CTTGTCACCATTTTCGTCCTCCCAACATGGGGCAATTGGGCATACCCATGTTGTCACGTCACT 
CAGCTCCGCGCTCAACACCTTCTCGCGTTGG AAAACATTAG
CGACATTTACCTGGTGAGCAATCAGACATGCGACGGCTTTAGCCTGGCCTCCTTAAATTCACC
TAAGAATGGGAGCAACCAGCATGCAGGAAAAGGACAAGCAG
CGAAAATTCACGCCCCCTTGGGAGGTGGCGGCATATGCAAAGGATAGCACTCCCACTCTACT
ACTGGGTATCATATGCTGACTGTATATGCATGAGGATAGCAT
ATGCTACCCGGATACAGATTAGGATAGCATATACTACCCAGATATAGATTAGGATAGCATAT
GCTACCCAGATATAGATTAGGATAGCCTATGCTACCCAGATA
TAAATTAGGATAGCATATACTACCCAGATATAGATTAGGATAGCATATGCTACCCAGATATA
GATTAGGATAGCCTATGCTACCCAGATATAGATTAGGATAGC
ATATGCTACCCAGATATAGATTAGGATAGCATATGCTATCCAGATATTTGGGTAGTATATGCT
ACCCAGATATAAATTAGGATAGCATATACTACCCTAATCTC
TATTAGGATAGCATATGCTACCCGGATACAGATTAGGATAGCATATACTACCCAGATATAGAT
TAGGATAGCATATGCTACCCAGATATAGATTAGGATAGCCT
ATGCTACCCAGATATAAATTAGGATAGCATATACTACCCAGATATAGATTAGGATAGCATAT
GCTACCCAGATATAGATTAGGATAGCCTATGCTACCCAGATA
TAGATTAGGATAGCATATGCTATCCAGATATTTGGGTAGTATATGCTACCCATGGCAACATTA
GCCCACCGTGCTCTCAGCGACCTCGTGAATATGAGGACCAA
CAACCCTGTGCTTGGCGCTCAGGCGCAAGTGTGTGTAATTTGTCCTCCAGATCGCAGCAATCG
CGCCCCTATCTTGGCCCGCCCACCTACTTATGCAGGTATTC
CCCGGGGTGCCATTAGTGGTTTTGTGGGCAAGTGGTTTGACCGCAGTGGTTAGCGGGGTTACA
ATCAGCCAAGTTATTACACCCTTATTTTACAGTCCAAAACC
GCAGGGCGGCGTGTGGGGGCTGACGCGTGCCCCCACTCCACAATTTCAAAAAAAAGAGTGGC
CACTTGTCTTTGTTTATGGGCCCCATTGGCGTGGAGCCCCGT
TTAATTTTCGGGGGTGTTAGAGACAACCAGTGGAGTCCGCTGCTGTCGGCGTCCACTCTCTTT
CCCCTTGTTACAAATAGAGTGTAACAACATGGTTCACCTGT
CTTGGTCCCTGCCTGGGACACATCTTAATAACCCCAGTATCATATTGCACTAGGATTATGTGT
TGCCCATAGCCATAAATTCGTGTGAGATGGACATCCAGTCT
TTACGGCTTGTCCCCACCCCATGGATTTCTATTGTTAAAGATATTCAGAATGTTTCATTCCTAC
ACTAGTATTTATTGCCCAAGGGGTTTGTGAGGGTTATATT
GGTGTCATAGCACAATGCCACCACTGAACCCCCCGTCCAAATTTTATTCTGGGGGCGTCACCT
GAAACCTTGTTTTCGAGCACCTCACATACACCTTACTGTTC
ACAACTCAGCAGTTATTCTATTAGCTAAACGAAGGAGAATGAAGAAGCAGGCGAAGATTCAG
GAGAGTTCACTGCCCGCTCCTTGATCTTCAGCCACTGCCCTT
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GTGACTAAAATGGTTCACTACCCTCGTGGAATCCTGACCCCATGTAAATAAAACCGTGACAGC
TCATGGGGTGGGAGATATCGCTGTTCCTTAGGACCCTTTTA
CTAACCCTAATTCGATAGCATATGCTTCCCGTTGGGTAACATATGCTATTGAATTAGGGTTAG
TCTGGATAGTATATACTACTACCCGGGAAGCATATGCTACC
CGTTTAGGGTTAACAAGGGGGCCTTATAAACACTATTGCTAATGCCCTCTTGAGGGTCCGCTT
ATCGGTAGCTACACAGGCCCCTCTGATTGACGTTGGTGTAG
CCTCCCGTAGTCTTCCTGGGCCCCTGGGAGGTACATGTCCCCCAGCATTGGTGTAAGAGCTTC
AGCCAAGAGTTACACATAAAGGCAATGTTGTGTTGCAGTCC
ACAGACTGCAAAGTCTGCTCCAGGATGAAAGCCACTCAGTGTTGGCAAATGTGCACATCCAT
TTATAAGGATGTCAACTACAGTCAGAGAACCCCTTTGTGTTT
GGTCCCCCCCCGTGTCACATGTGGAACAGGGCCCAGTTGGCAAGTTGTACCAACCAACTGAA
GGGATTACATGCACTGCCCCGAATACAAAACAAAAGCGCTCC
TCGTACCAGCGAAGAAGGGGCAGAGATGCCGTAGTCAGGTTTAGTTCGTCCGGCGGCGGD
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Sequence o f  PB K S+

CACCTAAATT GTAAGCGTTA ATATTTTGTT AAAATTCGCG TTAAATTTTT GTTAAATCAG 60
CTCATTTTTT AACCAATAGG CCGAAATCGG CAAAATCCCT TATAAATCAA AAGAATAGAC 120
CGAGATAGGG TTGAGTGTTG TTCCAGTTTG GAACAAGAGT CCACTATTAAAGAACGTGGA 180
CTCCAACGTC AAAGGGCGAA AAACCGTCTA TCAGGGCGAT GGCCCACTAC GTGAACCATC 240 
ACCCTAATCA AGTTTTTTGG GGTCGAGGTG CCGTAAAGCA CTAAATCGGA ACCCTAAAGG 300 
GAGCCCCCGA TTTAGAGCTT GACGGGGAAA GCCGGCGAAC GTGGCGAGAA AGGAAGGGAA 360 
GAAAGCGAAA GGAGCGGGCG CTAGGGCGCT GGCAAGTGTA GCGGTCACGC TGCGCGTAAC 420 
CACCACACCC GCCGCGCTTA ATGCGCCGCT ACAGGGCGCG TCCCATTCGC CATTCAGGCT 480 
GCGCAACTGT TGGGAAGGGC GATCGGTGCG GGCCTCTTCG CTATTACGCC AGCTGGCGAA 540 
AGGGGGATGT GCTGCAAGGC GATTAAGTTG GGTAACGCCA GGGTTTTCCC AGTCACGACG 600 
TTGTAAAACG ACGGCCAGTG AATTGTAATA CGACTCACTA TAGGGCGAAT TGGAGCTCCA 660 
CCGCGGTGGC GGCCGCTCTA GAACTAGTGG ATCCCCCGGG CTGCAGGAAT TCGATATCAA 720 
GCTTATCGAT ACCGTCGACC TCGAGGGGGG GCCCGGTACC CAGCTTTTGT TCCCTTTAGT 780
GAGGGTTAAT TTCGAGCTTG GCGTAATCAT GGTCATAGCT GTTTCCTGTG TGAAATTGTT 840
ATCCGCTCAC AATTCCACAC AACATACGAG CCGGAAGCAT AAAGTGTAAA GCCTGGGGTG 900 
CCTAATGAGT GAGCTAACTC ACATTAATTG CGTTGCGCTC ACTGCCCGCT TTCCAGTCGG 960 
GAAACCTGTC GTGCCAGCTG CATTAATGAA TCGGCCAACG CGCGGGGAGA GGCGGTTTGC 1020 
GTATTGGGCG CTCTTCCGCT TCCTCGCTCA CTGACTCGCT GCGCTCGGTC GTTCGGCTGC 1080 
GGCGAGCGGT ATCAGCTCAC TCAAAGGCGG TAATACGGTT ATCCACAGAA TCAGGGGATA 1140 
ACGCAGGAAA GAACATGTGA GCAAAAGGCC AGCAAAAGGC CAGGAACCGT AAAAAGGCCG 1200 
CGTTGCTGGC GTTTTTCCAT AGGCTCCGCC CCCCTGACGA GC ATC AC AAA AATCGACGCT 1260 
CAAGTCAGAG GTGGCGAAAC CCGACAGGAC TATAAAGATA CCAGGCGTTT CCCCCTGGAA 1320 
GCTCCCTCGT GCGCTCTCCT GTTCCGACCC TGCCGCTTAC CGGATACCTG TCCGCCTTTC 1380 
TCCCTTCGGG AAGCGTGGCG CTTTCTCATA GCTCACGCTG TAGGTATCTC AGTTCGGTGT 1440 
AGGTCGTTCG CTCCAAGCTG GGCTGTGTGC ACGAACCCCC CGTTCAGCCC GACCGCTGCG 1500 
CCTTATCCGG TAACTATCGT CTTGAGTCCA ACCCGGTAAG ACACGACTTA TCGCCACTGG 1560 
CAGCAGCCAC TGGTAACAGG ATTAGCAGAG CGAGGTATGT AGGCGGTGCT ACAGAGTTCT 1620 
TGAAGTGGTG GCCTAACTAC GGCTACACTA GAAGGACAGT ATTTGGTATC TGCGCTCTGC 1680 
TGAAGCCAGT TACCTTCGGA AAAAGAGTTG GTAGCTCTTG ATCCGGCAAA CAAACCACCG 1740 
CTGGTAGCGG TGGTTTTTTT GTTTGCAAGC AGCAGATTAC GCGCAGAAAA AAAGGATCTC 1800 
AAGAAGATCC TTTGATCTTT TCTACGGGGT CTGACGCTCA GTGGAACGAA AACTCACGTT 1860 
AAGGGATTTT GGTCATGAGA TTATCAAAAA GGATCTTCAC CTAGATCCTT TTAAATTAAA 1920 
AATGAAGTTT TAAATCAATC TAAAGTATAT ATGAGTAAAC TTGGTCTGAC AGTTACCAAT 1980 
GCTTAATCAG TGAGGCACCT ATCTCAGCGA TCTGTCTATT TCGTTCATCC ATAGTTGCCT 2040 
GACTCCCCGT CGTGTAGATA ACTACGATAC GGGAGGGCTT ACCATCTGGC CCCAGTGCTG 2100 
CAATGATACC GCGAGACCCA CGCTCACCGG CTCCAGATTT ATCAGCAATA AACCAGCCAG 2160 
CCGGAAGGGC CGAGCGCAGA AGTGGTCCTG CAACTTTATC CGCCTCCATC CAGTCTATTA 2220 
ATTGTTGCCG GGAAGCTAGA GTAAGTAGTT CGCCAGTTAA TAGTTTGCGC AACGTTGTTG 2280 
CCATTGCTAC AGGCATCGTG GTGTCACGCT CGTCGTTTGG TATGGCTTCA TTCAGCTCCG 2340 
GTTCCCAACG ATCAAGGCGA GTTACATGAT CCCCCATGTT GTGCAAAAAA GCGGTTAGCT 2400 
CCTTCGGTCC TCCGATCGTT GTCAGAAGTA AGTTGGCCGC AGTGTTATCA CTCATGGTTA 2460 
TGGCAGCACT GCATAATTCT CTTACTGTCA TGCCATCCGT AAGATGCTTT TCTGTGACTG 2520 
GTGAGTACTC AACCAAGTCA TTCTGAGAAT AGTGTATGCG GCGACCGAGT TGCTCTTGCC 2580 
CGGCGTCAAT ACGGGATAAT ACCGCGCCAC ATAGCAGAAC TTTAAAAGTG CTCATCATTG 2640 
GAAAACGTTC TTCGGGGCGA AAACTCTCAA GGATCTTACC GCTGTTGAGA TCCAGTTCGA 2700 
TGTAACCCAC TCGTGCACCC AACTGATCTT CAGCATCTTT TACTTTCACC AGCGTTTCTG 2760 
GGTGAGCAAA AACAGGAAGG CAAAATGCCG CAAAAAAGGG AATAAGGGCG ACACGGAAAT 2820 
GTTGAATACT CATACTCTTC CTTTTTCAAT ATTATTGAAG CATTTATCAG GGTTATTGTC 2880 
TCATGAGCGG ATACATATTT GAATGTATTT AGAAAAATAA ACAAATAGGG GTTCCGCGCA 2940 
CATTTCCCCG AAAAGTGC 2958

MEDICAL LIBRARY 
ROYAL FREE HOSPITAL
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