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Abstract

The purpose of this study was to identify mutations in the basic core promoter and

enhancer ll region «f the hepatitis B virus (HBV) that might result in the hepatitis B virus

e antigen (HBeAg)-negative phenotype and contribute to hepatocarcinogenesis in black
African carriers of the virus. The basic core promoter/enhancer il overlaps the X gene. ‘
HBV DNA from serum of 47 asymptematic carriers and 50 patients with hepatocellular
carcinoma and from 29 tumorous and 10 nontumorous liver tissues was amplified and
sequenced directly. That part of the enhancer Il region not overiapping the basic core

promoter was reasonably well conserved in all samples. Missense mutations at

positions 1809 and 1812 were found in 80% of all sequences and may represent

wildtype sequence in southern African isolates. Nucleotide and arnino acid divergences

were higher in the basic core promoter of hepatocellular carcinoma patients than of
asymptomatic carriers (p<C.0001). This appiied particularly to the paired 1762 adenine

to thymine (17627) and 1764 guanine to adenine (1764") missense mutations, the

prevalence of which was 66% in patients with hepatoceliular carcinoma compared with

11% in asymptomatic carriers (p<0.0001). There was no association between the

presence of 176271764" and the rate of HBeAg negativity, although these mutations
suppressed HBeAg titres in HBeAg-positive patients. Suppression of HBeAg expression

as well as alteration of amino acid sequence of the X protein may be contributing factors

in the development of hepatocarcinogenesis.
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Chapter 1: INTRODUCTION

Although virus B hepatitis is an important public health problem worldwide, it is of
particular concern in sub-Saharan Africa and the Asian Pacific countries, where HBV is
endemic. HBV carriers are known to be long-term reservoirs of the virus and they
frequently develop chronic disease, including hepatocellular carcinoma. The
mechanisms Pehind the various clinical manifestations of hepatitis B infection are still

poorly understood.

Traditionally, the various clinical manifestations were attributed to variation in the host's
immune response(s). However, recent studies have taken into account the possible role
for HBV mutants, This chapter gives a brief overview of HBV, concentrating particularly

on the core promoter, which was the region studied.

1.1 HEPATITIS B VIRUS

1.1.1 History

Although an acute form of hepatitis was noted more than 100 years ago, the
identification and characterization of HBV was a slow and difficult process (Fields et af.,
1985). In 1947 MacCallum introduced the term “hepatitis B" to characterize this
infection, and this name was subsequently adopted by the World Health Organization
Committee on Viral Hepatitis. In 1963 Blumberg discovered a previously unknown

protein in the blood and termed it the Australian (Au) antigen. Five years later Prince,

[

Okachi and Murakami found that the Au antigén (today known as the' hépatitis B virus' * -« - »
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surface antigen (HBsAg)) was found only in serum of patients with hepatitis B. in 1973
Dane identified the hepatitis B viral particles in the serum of HBV infected patients -

(Fields et al., 1985).

With the discovery of the HBsAg and viral particles, rapid advances were made in
understanding the epidemiology of the virus, its course of infection, the recognition of

associated diseases, and the physical nature of the virus.

1.1.2 Epidemiotogy

Hepadnaviruses have been found in humans and non-human primates. Humarns remain
the principal reservoir of HBV. HBV is glebally distributed, its prevalence, as mieasured
by the presence of HBsAg, varying in different regions, (figure 1), (Robert, 1998).
Clinically the HBsAg is used as a marker to indicate HBV infection becauss it is the first
antigen produced after infection, and it is also the last antigen to disappear following

recovery.

The incidence of HBV is lowest {(<0.5%) in developed countries (e.g. Great Britain,
Canada, United States, Scandinavia, and some European countries), where the living
standards are high. Conversely, in developing countries (e.g. China, Africa, Gceania,
South Pacific, Middle East and some parts of South America), HBV incidences are high

(5 - 20%), (IARC monographs, 1994).

In countries with low incidences of HBV, the disease is most commonly seen in
teenagers and young adults. These include certain groups who are sexually

promiscuous or who have frequent contact with blood or blood products. However, in

2
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countries heavily affected by HBV, it is mostly infants and young children who are
affected. They acquire their infection either peri-natally (mother-to-child transmissio;n)

or horizontally from close childhood interactions (IARC monographs, 1994).

Within any one country, the HBsAg carrier rate may vary amongst different ethnic
groups. In South Africa more than 10% of blacks (i.e. 3.3 million} are chronic carriers of
HBYV, whereas less than 1% of South African Caucasions are carriers of the virus (Kew

et al., 1975; 1876).

1.1.3 Pathogenesis of HBV infection

HBYV infection can lead to a number of clinical consequences that are influenced by age,

sex and the state of the immune system (Feitelson, 1994).

In adults, an acute exposure to HBV either results in a transient subclinical infection or
in a short episode of typical acute hepatitis. In both cases the majority of patients
recover from the infection. Rarely, patients who develop acute liver disease rapidly
progress to fulminant hepatitis, which has a rapid onset and is associated with a high
mortality, (figure 2}, (Feitelson, 1994). Five to 10%-of patients exposed to HBY (either
with subclinical disease or acute hepatitis) develop a chronic infection, characterized by
the persistence of HBsAg and/or virus in the blood for more than 6 months. Chranic
HBYV infection may either be symptomatic or asymptomatic. In either case, chronic HBY
infection may lead to cirrhasis, dysplasia and hepatoceliular carcinoma (HCC), (figure

2), (Feitelson, 1994).

[e0]
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Figure 1 Global distribution of chronic hepatitis B virus infection.
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Figure 2 Schematic representation of the pathogenesis of HBV infection in adults.




The course of perinatal infections differs froim that in aduits. Infants born to mothers who
are chronic carriers of HBV are very likely to become infected during or shortly after’
delivery, and 80-90% become chronic carriers of the virus. These infants are at an

increased risk of dying fromi cirrhosis or HCC (Feitelson, 1994).

1.1.4 Virion structure

HBV belongs to a family of viruses known as the Hepadnaviridae. It is a hepatotropic

DNA virus (Gerber et al., 1985),

1.1.4.1 Ultrastructure and physical properties

Electron microscepy of partially purified preparations of HBV from human serum
revealed 3 types of particles: 1) variable length filaments, 2) spheres (heterogeneous in
size and appearance} ond 3) double-shelled particles, (figure 3(a)), (Fields st al., 1985;

Ganem ef al., 1987).

The ~22nm spheres and filaments were found to be noninfectious, nucleic acid-frze
defective viral particles, made-up of excess viral coat protein (HBsAg). They accumulate
to high levels in the blood of infected patients and are thought to act as “dummy”
particles that serve to adsorb neutralizing antisurface antibodies during the progression

of infection, (figure 3(b)), (Fields et al., 1985; Gerber et al., 1985; Ganem et al., 1987).
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Figure 3 Ultrastructure and physical properties of HBV.

A) Three types of particles in the serum of a patient with chronic active hepatitis B:
22nm filaments and spheres (arrow 1 and 2, respectively) and 42nm hepatitis B
virions or Dane particles (arrow 3), (Belshe et al., 1984).

B) Schematic representation of the structure and components of the HBV particles
(Ganem ef al., 1987).



The intact, infectious 42-47nm spherical-shaped HBV virions or Dane particles are
found less frequently than the spheres and filaments in blood of infected individualé.
The outer envelope of the virion is ~7nm in thickness and is mainly made-up of
HBsAg. Upon removal of the outer envelope, a 22-25nm diameter nucleocapsid or
core is revealed. The nucleocapsid contains the hepatitis B virus core antigen (HBcAg)
and HBeAg. Within the nucleocapsid is hous' d the viral DNA with a covalently
attached polypeptide and at least 2 enzymes: DNA polymerase and protein kinase,
which phosphorylates the major structural polypeptide of the virion core, (figure 3 (b)),

(Gerber ef al., 1985; Ganem et al., 1987).

1.1.4.2 Genome structure

HBV is the smallest known mammalian DNA virus, with a genome of 3182-3221
nucleotides, depending on the genotype. Its genome is circular and partially doubie-
stranded, (figure 4), (Gerber et al., 1985; Tiollais et al., 1985, 1988). The short,
incomplete, plus strand is of variable length, ranging from 50-100% of the length of the
jong (minus) strand. The 3'end of this strand, which is variablyjocatéd, is complexed
with DNA polymerase, (figure 4). Under appropriate conditions, the short strand can be
elongated to form a double-stranded DNA molecule for virus replication. The S’end of
the short strand has a fixed location and ar oligoribonucleotide attached to it which acts

as a primer for DNA synthesis (Gerber ef al., 1985; Ganem et al., 1987).

The complete (minus) strand has a fixed length of ~3200 nucleoctides. [t is the template
for the synthesis of all viral messenger RNA (mRNA) transcripts and bears the 4
overlapping open reading frames (ORF) that encode for the surface, polymerase, X,

and precore/core genes, (figure 4), (Gerber et al., 1985; Tiollais ef al., 1985,1988).

EECO - PR v I S : ) '
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Figure 4 Physical and genetic map of HBV DNA.

The 5’end of the minus strand is base-paired with the 5'end of the pius strand. The
dashed line corresponds to the variable single-strand region. The singie EcoR1 site is
used as the point of origin in the ;hysical map. The broad arrows surrounding the genome
correspond to the four large open region on the minus strand transcript. These four coding
regions are called S (divided into pre-S1, pre-S2 and gene S), P, X, and C. The number of
amino acids alongside each region corresponds to the length of the corresponding
polypeptide. The 3.5kb pregenomic RNA template is also shown (Tiollais et al., 1985).



1.4.4.2.1 Suufzes gene

The surface or envelope ORF encodes for 3 surface proteins. it is able to do this
because it has three in-frame AUG start sites, all sharing a common terminal codon
(UAGIUAA). The proteins encoded for are the small (S), middle (M) and large (L)

surface antigens (Ganem et al., 1987, Feitelson, 1994).

The 8HBsAg is 228 amino acids (aa) long. It is produced in large quantities by the virus
and is the major constituent of the envelope of the Dane and subviral particles, It is
highly antigenic, containing an epitope that allows for the subtyping of HBV (Ganem et

al., 1987; Feitelson, 1994).

The MHBsAg comprises the S region and the upstream pre-S2 region. The pre-82
region is a 5503 domain, thus resuiting in a MHBsAg of 281aa. MHBsAg, like SHBsAg
is found in Dane and subviral particles. This antigen is thought to indirectly aid with viral

attachment to celis (Ganem et al., 1987, Feiteison, 1994).

The 1.HBsAg, the largest of the surface antigens, contains pre-S1 along with pre-S2 and
the S domains, resuiting in a total length of 409aa. This antigen is primarily found in
Dane particles. It is thought to be involved in host ceil attachment (Ganem et af,, 1987;

Feitelson, 1994).

10



1.1.4.2.2 Polymerase gene

The polymerase ORF is the largest ORF, and it ovetlaps all the other ORFs. It appeérs
{o have 4 distinct domains (Radziwill et al., 1990). The first is the amino-terminal
domain, which encodes a protein that is linked to the 5’end of the viral DNA minus
strand. This protein has been termed “primase” and has been found to be vital for
priming minus strand synthesis. The second domain appears to have no specific
function and may be a spacer. The third domain ericodes for the DNA-dependent
polymerase and reverse transcriptase. The fourth domain has RNAse H activity that

degrades the RNA pregenome during DNA synthesis (Preisler-Adams et al., 1993).

1.1.4.2.3 X gene

The X ORF encodes for a 145-154aa cytosolic hepatitis B X protein (HBX) that has a
fairly complex structure. Its secondary structure consists of 4 alpha-helix or coil regions,
4 beta-sheet regions and 4 turning regions (figure 5(a)). Maintenance of this secondary
structure is thought to be essential for a conformationally active form of HBX (Kim et al.,

1993).

Amino acid analysis of HBX shows: 1 proline/serine rich region (aa29-46), 2 basic
regions (aa72-98 and aa128-140), 1 acidic region (aa106-127) and 1 leucine zipper-like
region, containing at ieast six leucine residues with four to seven aa intervals (aa105-

143), (figure 5(b)), (Kim et al., 1993).

1



Mutation analysis of the HBX protein has revealed that it consists of a number of
essential and non-essential regions (figure 5(¢)). The amino-terminus (aa1-30) of HBX
is a well-conserved negative regulatory region (Ritter et al., 1991, Arii et al., 1992,
Runkel et af., 1993). Neither the amino-~ nor the carboxyi-termini (aa143-154) of HBX
are required for transactivation (Arii et al., 1992). There is no consensus as to which
regions are required for transactivation. Arii et al. (1992) found the aa regions 46-52,
61-69 and 132-139 of HBX to be essential for transactivation. Similarly, Takada et al.
(1994) demonstrated 3 sites that interact with cellular proteins and are essential for
transactivation. These were aa regions 65-72, 105-115 and 131-142. However, Runkel
et al. (1993) found only 2 regions essential for transactivation, namely, aa regions 61-69

and 110-139, (figure 5(c)).

HBX has been shown to be a multifunctional protein exhibiting a number of activities
affecting transcription, cell growth and apoptotic cell death. HBX does not directly bind
DNA, however it is considered to be a promiscuous transactivator of several cellular and
viral promoters and enhancers (reviewed by Andrisani et al., 1999). The transactivation
mechanism postulated is that HBX enhances DNA binding potentials and transcription
efficacies by interacting with various transcription factors. Additionally, from studies in
transgenic mice, HBX induces hepatacellular carcinomas. This has lead to the
conclusion that HBX may be involved in hepatocarcinogenesis (Arii et al., 1992; Kim et

al., 1993; Kidd-Ljunggren et al., 1995; Uchida et al., 1997).

The X ORF overlaps with essential regions of the HBV genome: the direct repeat (DR}
and DR2 (sequences required for genome replication), enfiancer il, a core upstream

regulatory sequence, a negative regulatory element and a major portion of the basic



core promoter (Ganem ef al., 1987;Carman et al., 1992; Okamoto et al., 1994; Thomas

et al., 1994; Kidd-Ljunggren et al., 1995).

Helix or Coil region

Tusping region

Beta sheet region

Proline \ seria rich R -
Acidié region g

Basic region

- Leucine vpper like

18y

" Negative Regulatory Kunitz domain-like sequences

Region

N, _ I8 RS ‘ [ Jcoom
1 30 154
46-52 6169 132139 Eeseatial
65-72 105-115 131-14200%,  wgicns for
. trans-activation
61-69 1101391 function

Figure 5 Schematic representation of the predictad secondary structure and
characteristic regions in the HBV X protein.

A) Linear representation of the secondary structure of HBX
B) Amino acid sequence analysis of HBX

C} Essential and non-essential coding regions as reported by Ritter ef al., 1991®; Arii et
al., 1992"™; Runkel ef al., 1993,
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1.1.4.2.4 Precore/core and core genes

The precore/core and the core ORFs encode for 2 proteins, HBeAg and HBcAg,
respectively, that are translated from two in-frame initiation codons (AUG), (figure 6(a)),
(Carman et al., 1993; Thomas et al, 1994; Carman, 1995; Howard, 1995). The synthesis
of HBcAg is initiated from the second AUG initiation codon of the core gene. It is the
major polypeptide of the nucleocapsid necessary for the packaging of the pregenomic
RNA and subsequent particle formation, (figure 6(b)), (Ak=hane et al., 1990; Carman et
al., 1992, 1993; Thomas, et al. 1994; Howard, 1995). HBeAg synthesis is initiated from
the first AUG initiation codon found in the precore/core region. it produces a 212 aa
protein (p25c¢) that undergoes extensive post-translational modification. p25¢ is cleaved
at the nineteenth aa of the precore/core fusion protein by a signal peptidase, generating
a p22 hydrophilic intermediate protein product. p22 is then elther released back into the
cytoplasm or is translocated to a RNA ribosomai complex in the endoplasmic reticulum.
Here the carboxyl terminus is cleaved by proteolysis, producing a soluble p17 protein,
known as HBeAg (figure 1.6(c)). HBeAg may then be secreted into the blood or be
expressed on' the hepatocyte surface (Akahane et al., 1990; Bonino ef al., 1991;

Carman ef al. 1992; Schoub, 1994; Howard, 1995; Scaglioni et al., 1997a).

HBeAg is not required for viral replication, but is thought to function as a tolerogen
because it shares epitopes with HBcAg. It reduces the immune pressure on HBcAg by
diverting the immune effector cells aw'ay from the infected hepatocytes, allowing for
prolonged viral survival (Chang ef al., 1987; Schiicht et al., 1987; Carman et al., 1992,

1993; Thomas et al., 1994; Carman, 1995).
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Figure 6 Translation products of the precore/core and core region of HBV
A) DNA strand of the precore/core and core region with its two start codons (AUG) and single stop codon (UAG).
B) Translation beginning at the second AUG produced HBcAg.

C) Translation beginning at the first AUG produces the p25c protein, which undergoes post-translational modification to produce HBeAg, (see text).
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Because HBeAg is secreted into the serum it is used as a marker of infectivity and viral
replication. Seroconversion fo anti-HBe is indicative of decreased viral repiication and

recovery from disease {Bonino et al. 1991).

1.2 HBeAg-negativity and HBV infection

As discussed in section 1.1.4.2.4, seroconversion from a HBeAg-positive to a HBeAg-
negative phenotype is traditionally associated with a decreased level of HBV replication
(Bonino et al., 1991), However, studies have revealed individuals who have
serocenverted to anti-HBe (thus have a HBeAg-negative phenotype), but who still have

active viral replication and severe disease.

Two hypotheses as to why this occurs have been proposed. The first theory suggests
that the HBeAg precursor protein may inhibit HBV transcription and particle maturation.
Thus, a lack of HBeAg would result in an increase of both viral transcription and particle
formation allowing for active viral replication. The HEBeAg precursor protein is
speculated to inhibit HBV transcription by suppressing or down-regulating the activities
of the viral enhancer elements. Particle maturation may be inhibited because there may
be some kind of stoichiometric interaction between the core and precore proteins that
prevents encapsidation and reverse transcription of the pregenomic RNA (Lambert et
al., 1993; Guidotti et al., 1996). The second theary suggests that in early infection
hepatocytes infected by HBeAg mutants may be inefficiently eliminated by the host's
immune responses, thus allowing for widespread infection. However, at a later stage of
infection, when the host's immune system is triggered by other viral components,

.massive hepatocyte destruction of the infected hepatocytes occurs, resulting in more
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severe disease (Baumert ef al., 1996). Therefore, the loss of HBeAg is not always a true

reflection of diminished viral replication but may resuit from the appearance of mutants.

HBeAg production may be affected at a transcriptional and/or a translational level.
Initially, much attention was devoted at looking for mutations that interfere with HBeAg
production at & transiational level. Following sequencing of the precore/core region, a
1896 G to A stop codon mutation was identified which truncated the HBeAg, thus
resulting in no HBeAg detection. Other mutations like non-functional start codons
(conversion of AUG to AUA, AGS, UUG or UTT), nucleotide insertions or deletions
leading to frameshift mutations and other stop codon mutations (e.g. 1817) have also
been found to interfere with HBeAg's translation (reviewed in Miyakawa et al., 1997)..
Subsequent studies revealéd that thesé rmutations did not occur in aI»lHHBeAg-negative
cases and that the 1896 mutation had an uneven worldwide distribution.-The 1896 stop
codon mutation was frequently observed in HBV from Asian ana Mediterranean
patients, but was rarely found in Western Europe and North America (Kramvis et al.,
1997, Nagasaka et al., 1998; Chan ef al., 1999). Because of the high HBeAg-negativity
rate in southern African black adult carriers (who are at an increased risk of developing
HCC). Kramvis ef al. (1997) looked for the 18386 stop codon mutation in this population.
They found that despite the high HBeAg-negative rate, it rarely occurred in this
population (Kramvis et al. 1997; 1998a). From this and other studies, it was noted that
the presence or absence of the 1896 stop codon mutation coincides with the differences

in distribution of HBV genotypes (Kramvis et al., 1997; Nagasaka et al., 1998).

Nucleotide 1896 is located at the 5'end of the pregenomic RNA. For the pregenomic

RNA to be encapsidated, this 5'end (nt1846 — nt1916) folds into a stem-locp structure,

known as the encapsidation signal or epsiion. Epsilon’s secondary structure consists of

e
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a stable bipartite stem-loop structure containing a six-nucleotide bulge, a six-nucleotide
loop and a single unpaired uracil residue (Junker-Niepmann et al,, 1990). The regicﬁ
encoding for epsilon has been found to be highly conserved between different
genotypes of HBV, the only difference being at nucleotide 1858, in the ascending limb
of the lower stem. This nucleotide can either be a thymine (T-1858) or a cytosine (C-
1858). T-1858 forms a wobble pair with guanine G-1896 (U:G) in the descending limb,
whereas C-1858 forms a stable Watson-Crick base pair with G-1896 (C-G) in the
descending limb. Therefore, a G {o A mutation at position 1896 would convert the
original U:G wobble base pair in the lower stem of epsilon to a U-T Watson-Crick pair in
genotypes with T-1858 but would destabilize the secondary structure of epsilon in
genotypes with C-1858. it is known that T-1858 is found mostly in genotypes B, C, D
and E, whereas C-1858 is found mainly in genotype A (reviewed by Kramvis ef al.,
1998b; Lindh et al., 1998;Nagasaka et af., 1998; Chan et al., 1999; Cho et al., 1999;

Blackberg et al., 2000).

This single difference (C or T at 1858) thus accounts for the uneven distribution of the
1896 stop codon mutation in HBeAg-negative individuals restricting it to HBV genotypes
with T-1858 (genotypes B, C, D and E). These genotypes are predominant in Asia and
the Mediterranean basin and are rarely found ir North America and Western Europe,
where genotype A is the predominant genotype (Lindh ef al., 1998; Nagasaka et al.,
1998; Chan et al., 1999; Cho et al., 1999; Blackberg et al., 2000). in southern Africa, the
predominant genotype is genotype A. Therefore, the 1898 G to A mutation would not be
expected to occur and does not frequently occur in this area (Krarnvis et al., 1997,

1998a).
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1.3 Core promoter

The core promoter overlaps with the distal X and proximal precore/core ORFs and
includes at least 232 base pairs (bp) (nucleotide (nt)1591 — nt1822), (numbering from
EcoR1 site, Galibert ef al., 1979). Its functiona! elements include the upsiream
regulatory region (URR) (nt1613 - nt1742) the enhancer i region (nt1627 — nt1774) and
the basic (basal) core promoter (BCP) (nt1742 — nt1849). The URR contains a negative
regulatory element (NRE) (nt1613 — nt1638) and a core upstream regulatory sequence
(CURS) (nt1636 — nt1742), (figure 7), (Yaginuma et al., 1989; Yuh et al., 1990, 1991;

Guo et al., 1993; Friedt et al., 1999).

1.3.1 Negative regulatory element (NRE)

The NRE functions to down-regulate the activity of the core promoter in an orientation-
independent but position-dependent manner (Gerlach et al., 1992). It is capahle of

down-regulating the activity of the core promoter by repressing the stimulatory effect of
the enhancer |1 in differentiated liver cells. Nucleotides 1616 to 1621 have been shown

to be essential for this repression (Lo ef al., 1884; Park et al., 1997).

1.3.2 Core Upstream Regulatory Sequence (CURS)

The CURS is a regulatory region that is able to activate the BCP (from a position and
orientation dependent manner), in well-differentiated liver cells, but not in poorly
differentiated or in non-liver cells. CURS has been subdivided into two domains, namely
CURS-A (nt1636 — nt1703) and CURS-B (nt1704 — nt1743). CURS-A is capable of

exerting a positive regulatory effect on the BCP on its own, although to a lesser degree
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than the entire CURS (Wang et al,, 1990; Yuh et al., 1991, 1992, 1993; Guo et al.,

1993).

1.3.3 Enhancer il

The HBV enhancer |l is located downstream of enhancer |, within the X ORF, and has
been mapped within nt1627 to nt1774 (Wang et al., 1990; Yuh et al., 1980, 1891; Zhou
et al., 1990). No consensus has however been reached about its minimal sequence and
has been variously defined as nt1687 — nt1805 (Lopez-Cabrera ef al, 1991), nt1627 -
nt1732 (Wang et al., 1990), nt1685 - nt1774 (Yee et al. 1989) and nt1646 - nt1741 (Lo

et al., 1994).

It has only been shown to be active in HCC cells and is thus speculated to contribute to
the liver-tissue specificity of HBV (Wang et al., 1990; Yen, 1993; Yuh et al., 1993). It
consists of 2 elements, 1I-A (nt1636 - nt1690) and |I-B (nt1704 - nt1741). Co-operation
of both these elemenits is necessary for the enhancer Il to function (Yuh et al., 1980; Wu
et al., 1992). Two interacting sequence motifs have been identified: a 23bp sequence
(nt1646 - nt1668) within the Il-A element, referred to as the a-box, and a 12bp
sequence (ni1704 - nt1715) within the II-B element, referred to as the p-box. Both these
sequences are indispensable and sufficient to retain the enhancer {I's function, are able
to regulate transcription from the BCP individually, and are able i0 bind multiple cellular
factors (figure 7), (Yuh et al., 1991; Yen, 1993; Li et al., 1995). The enhancer Il is
capable of upregulating the surface and X promoters (from a downstream orientation-
and position-independent manner), activate the BCP (from an upstream position- and
orientation-dependent manner) and aids in conferring liver-tissue specificity for HBV
(Yuh et al. 1990; Zhou et al., 1980; Yen, 1993).
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1.3.4 Basic core promoter

A 108-bp region (nt1742 to nt1849) was initially determined to be sufficient for the
correct initiation of both the precore and pregencm’c mRNAs (Yaginuma et al., 1989;
Yuh et al., 1992). However, analysis of deletion mutants by Chen et al. (1995a) and Yu

et al. (1996) have more accurately defined this region.

1.3.4.1 Structure

Typically, RNA polymerase | promoters consist of a TATA-box motif [TATAAA] situated
approximately 30bp upstream of the transcription initiation site and/or an initiator that
overlaps the transcription start site. Both TATA and initiator elements are capable of

directing initiation of transcription (Yu et al., 1996).

The BCP, even though a RNA polymerase |l promoter, lacks distinct TATA-box motifs.
Four AT-rich regions, within this region, have been found and hypotiiesized to assume
the role of TATA boxes (Chen ef al.,1995a; Yu et al., 1996). These AT-rich regions are
AGATTA {nt1750 — nt1755), TTAAA (nt1758 — nt1762), TATTA (nt1771 - nt1775) and
CATAAATT (nt1788 — nt179%), (figure 7), (Yaginuma et al., 1987; Chen et al. 1995a;

Honda ef al. 1399).

Because, 1750-AGATTA-1755, 1758-TTAAA-1762 and 1771-TATTA-1775 are located
20-35bp from the transcription initiation site of the precore mRNA (nt1785 to nt1786 and
nt1791 to nt1797), it has been speculated that they function as TATA motifs for this
mRNA. Similarly, 1788-CATAAATT-1795 is located approximately 30bp from the
transcription initiation site of the pregenomic mRNA (nt1815 + 5) and thus it has been

LT "

considered to function as the TATA motif for this mRNA (Will et al., 1987; Yaginuma et



al., 1987; Honigwachs et al., 1989; Hiraga et ai., 1994; Chen et al., 1995a; Giinther et
al., 1996). Additional support that these AT-rich regions are TATA-like boxes comes'
from the fact that recombinant TATA-binding protein (TBF) is able to hind to all 4
regions, as determined by both footprint and competitive gel mobility-shift assay (Chen,

et al., 1995a; Yu et al., 1996).

Using mutant deletion analysis, Chen et al. (1995a) have shown that of the 108bps, a
15 nt sequence from nt1788 to nt1802 is sufficient to precisely direct the initiation of
both precore and pregenomic RNAs. This region ingludes the initiation site for precore
but not pregenomic RNA. From their results they concluded that this region has the duai
function of being an initiator for the transcription of the precore RNA and a TATA

element for the pregenomic RNA (Chen et al., 1995a).

Yu et al. (1996) confirmed and expanded on these results when they reported that the
synthesis of the precore and pregenomic mRNAs is under the control of two distinct
promoters spanning this region. They found that each of the promoters responsible for
the synthesis of precore and pregenomic mRNAs, each has its own TATA and initiator
sequences. Even though these promoters overlap slightly, they have been reported to
be genetically separable. The precore promoter spans the sequerice between nt1758
and nt1791. They speculated 1758-TTAAA-1762 to be the TATA-like sequence and
1788-CATA-1791 the initiator sequence (since its overlaps initiation sites of the precore
and resembles the optimal initiator sequence 5-CA(T/G)T-3'). The pregenamic
promoter spans the sequence between nt1788 and nt1821. They speculated that 1788-
CATAAAT-1794 acts as the TATA-box sequence and 1817-CAACT-1821 as the initiator

sequence (which overlap the transcription initiation sites of the pregenome) (Yu et al.,

1996).



1.3.4.2 Functions

The BCP is ceniral to the life cycle HBV because it regulates the transcription of two
types of 3.5kb transcripts, the precore and pregenomic mRNAs. Even though these
transcripts only differ by about 30 nucleotides at their 5'ends, they are functionally
distinct producing a RNA template for genome replication and viral proteins (Schaller et
al, 1991; Yuh et al., 1992; Okamoto et al., 1994; Chen et al., 1995a; Sato et al., 1995;

Baumert et al., 1996; Scallion ef af., 19974, b).

The precore mRNA is longer than the pregenomic mRNA, is initiated 20 to 30
nucleotides downstream of the precore ORF, and is translated into the precore/core
protein that is processed to produce the HBeAg, (see section 1.1.4.2.4). The 5’ end of
the pregenomic mRNA is located 5 nts downstream from the precore initiation codon
and is indispensable for viral genome replication. Most of this mRNA is translated into
the core and polymerase proteins, while a small fraction is encapsidated into core
particles and reverse transcribed into the viral DNA genome (Schaller et al., 1991: Yuh
et al., 1992; Okamoto et al., 1994, Chen et al., 1995a; Sato ef al., 1995; Baumert et al,,
1996; Scaglioni et al., 19973, b). As discussed in section 1.3.3.1, their transcription is

regulated separately.

Baumert et al. (1996, 1998) identified a novel function of the core promoter in the
regulation of core protein expression. They suggested that it regulates core protein
synthesis at a transcriptional or posttranscriptional level without affecting RT-
polymerase expression. The molecular mechanism whereby this occurs is however not

completely understood.
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1.3.4.3 Mutations reported in the BCP

The BCP has been found to be fairly heterogeneous, having both highly conserved and
hypervariable regions. The regions between nt1776 - nt1798 and nt1812 - nt1837 were
found to be highly conserved, whereas the regions between nt1751 - nt1775 and nt1799 ,

- nt1811 are hypervariable (Kidd-Ljunggren et al., 1997).

A number of changes resulting in silent, missense and nonsense mutations have been
reported in patients with varying disease status from all over the world, What has
become apparent is that regardiess of the type of clinicai profile, the changes in the
BCP are similar, if not identical. What differs, is the ffequency with which these changes

Qccur.

Tabies 1 and 2 give a summary of the most commoniy abserved BCP mutations in

natural pathogenesis, as reported by different researchers.



Table 1 Most common point mutations reported in the BCP.

MUTATION EFFECT ON X HBV CLINICAL PATIENT REFERENCE
ORF MANIFECTATION ETHNICITY
N HCC Japanese Takahashi et al., 1998
1753 '\t“‘t’.‘“‘"”f Chronic HBV infection Japanese Nagasaka et al., 1998
T-C mu a,:%r.’,a aa Chronic liver disease Japanese Takahashi et al., 1999
Chronic liver disease Japanase Honda et al., 1999
Chronic HBV infection ~ ASC Japanese Okamoto et al., 1994
ASC Japanese Moriyama et al., 1994,
1996
ASC Swedish Lindh et al., 1998; 1999
Chronic carriers Swedish Kidd-Ljunggren et al.,
1995, 1997
Chronic liver disease Japanese Takahashi et al., 1995,
1999
Chranic liver disease German Gnther et a/., 1996
Chronic HBV infection Japanese Nagasaka et al., 1998
Chronic liver disease Japanese Honda et al. 1999
Chronic HBV infection Chinese Chan et al., 1999
Childhoad chronic 4BV infection | Japanese Ando et al., 1999
Chronic HBV infection Swiss Mayerat er at., 1999
Chronic HBV Infection Japanese Shindo ef al,, 1999
Chronic HBV infection Chinese Hou et al., 1999
Chronic HBV infection Korean Kim et al., 1999
Seroconverting HbeAg HBV Swedish Bldckberg et al., 2000
infection
Fulminant hepatitis Japanese Qgata et al., 1993
Fulminant hepatitis United States Hasegawa et al., 1994
1762 + 1764 Migsense Fulminant hepat?tis Japanese Horikita ot al., 1994
AT + GoA mutations ataa [ Fulminant hepatitis Japanese Sato et al., 1995
130 and 131 Fulminant hepatitis Japanese Kaneko ef al., 1995
Fulminant hepatitis ltalian, German, Sterneck et al., 1996
Turkish
Fulminant hepatitis after heart Donor = Asian Pult et al., 1997
transplaniation origin
Fulminant hepatitis Japanese Inoue et al. 1998
Fulminant hepatitis German Friedt et al., 1999
HCC German Loncarevic et al., 1990
HCC N/D Blum et al., 1991
HCC Korean Cho et al., 1999
HCC, Chinese Hsia et al,, 1996
HCC .Japanese Takahashi et al., 1998
HCC Chinese Fang et al,, 1998
Chronic HBV infection and ASC Japanese Nishizono et al., 1995
Anti-HBe positive chronic Italian, Turkish, Tong et al., 1930
hepatitis Afghan
ASC (HBeAg-negative) and Japanese Kuresaki et al., 1996
chronic HBV infection
Fulminant hepatitis and self- United States Laskus et al., 1995
limited hepatitis
Recurrent HBV infection post- N/D McMillan et al., 1996
transplantation
1824 “silent" HBV Eastern Uchida et al., 1994a
T-C Japanese
1766 + 1768 Mi§sense Fulminant hepatitis N/D Baumert et al,, 1996
CoT + ToA mutations ataa | Chronic active HBV German Gerner ef al., 1999
132 and 133




Table 2 Most common deletions and insertions reported in the BCP.

1721-1790

protein

MUTATION EFFECT ON | HBV CLINICAL PATIENT REFERENCE
X ORF MANIFECTATION ETHNICITY
Deletion 1755-1762 Truncated X | HCC Chinese Hsia et al., 1997
(8bp) protein
Deletion 1758-1765 Truncated X | Immunologically negative for German Preisler-Adams et
{8bp) protein HBV markers al., 1993
Deletion 1762-1769 Truncated X | HCC Chinese Hsia et al., 1997
(8bp) protein
Chronic HBV infection — ASC German Repp et al. 1992
Chronic HBV infection United Laskus et al.,
States 1994a
. Recurrent HBV infection after United Laskus et al.,
Deletlo?al763-1770 Trur:g?t?nd X orthotopic liver transplantation States 1894b
p) prote ASC Japarnese Horikita et al.,
1994
Chronic active HBV infection Swiss Mayerat ef al.,
1999
“silent” HBV; Eastern Uchida et al.,
serologically negative Japanese 1994a, 1995
. acute/chronic HBV
Deletlon823768-1775 Trunc?tgd X ASC vs. severe chronic active Western Fukuda et al.,
(8bp) protetn hepatitis; serologically “siient” Japanese 1995, 1996
non-B, non-C chronic patients
ASC Japanese Gotoh et al., 1995
Deletion 1756-1773 Truncated X | Chronic HBV infection United Laskus efal.,
(18bp) protein States 1994a
Deletion 1748-1768 Truncated X | Chronic HBV infection United Laskus et al.,
(21bp) protein States 19943
Deletion 1750-1770 Truncated X | Chronic persistent hepatitis Japanese Horikita et al.,
(21bp) protein 1994
Deletion 1755-1774 Truncated X | Chronic HBV infection United L.askus et al.,
(21bp) protein States 1994a
Variable length - Chronic liver disease German Gunther et al.,
deletions between Truncatgd X 1996
1742-1780 protein
Variable length Chronic HBV infection — ASC Japanese Okamoto et al.,
deletions between TMHC?tl.Ed X 1994
1753-1777 protein
Variable length ASC Turkish Barlet et al., 1994
deletions between Truncatgd X
1756-1775 protein
Frameshift | Immunologically negative for German Preisler-Adams et
mutation HBV markers al., 1993
insertion between resulting in
1820 and 1821 fusion of X
(5bp) pretein to the
precore/core
region
Insertion between Truncated X | Chronic HBY infection United Laskus et al.,
1775 and 1776 (11bp) protein Stales 19842
insertion between Truncated X immunosupprgssed heart N/A Pult et al., 1997
1775and 1776 (11bp) |  protein | ransplant patient who
developed fulminant hepatitis
Insertion between Truncated X | Recurrent HBV infection after United Laskus et al.,
1777 and 1778 (12bp) protein orthotopic liver transplantation States 1994b
Insertion Chronic active hepatitis Swiss Mayerat ef al.,
betweent767-1769 | TTuncated X 1999
(3bp) protein
Variable length Chronic liver disease German Gunther et al.,
insertions between Truncated X 1996
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1.3.4.4 In vitro consequences of the common HBV mutations

A number of in vitro studies have been undertaken using HBV variants with the most
common naturally occurring mutations (as summarized in tables 1 and 2). The reported
consequences of these mutations are not always in agreement. The inconsistencies

may resuit from the different plasmid constructs and cell lines used.

Table 3 summarizes the different phenotypic effects observed by various researchers,

when specific mutations were introduced into the BCP of HBV.

1.3.4.5 Transcription factors binding to the BCP

A dense clustering of protein binding sites has been reported to occur along the BCP
region. Binding of several cis-acting elements, both liver-specific and ubiquitous, is
essential for liver-specific expression of HBV transcription (Johnson et al., 1995).
Table 4 summarizes the different transcription factors reported to bind to the core

promoter.

Nucleotide changes in the BCP DNA may resuli in inefficient nuclear protein binding,
enhanced nuclear protein binding or even create new riuclear protein binding sites that
may alter HBV transcription and protein synthesis (Li ef af,, 1995; Ginther et al., 1996;

Pult et al., 1997; Raney et al., 1997; Li et al.,1999).
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Table 3 In vitro consequences of the common HBV mutations.

Mutation(s) functionally tested

Phenotypic effect(s) on HBY

Reference

1762 + 1764 enhanced replication Hasagawa et al., 1994
1762 + 1764 no significant difference in promoter activity when comparing mutant and wildtype HBV | Nishizona et al., 1995

enhanced replication Buckwold et al., 1996
1762 +1764 did not affect level of pregenomic mRNA

reduced transcription of precore mRNA and HBeAg

nin change in HBcAg and HBsAg protein levels

enhanced replication Moriyama et al., 1996
1762 +1764 increased HBcAg production

reduced levels of precore mRNA, resulting in reduced levels of HBeAg
1762 + 1764 enhanced viral replication Pult et al., 1997

enhanced encapsidation and replication Baumert et al., 1998
1766 +1768 minor increase in transcription of pregenomic mRNA

increased HBcAg expression

1762 +1764 +1766 +1768

viral replication moderately enhanced

did not affect synthesis of pregenomic mRNA
decreased precore mRNA and HBeAg

no change to HBsAg and HBcAg levels

Scaglioni et al., 1997b

1653 (C to T) + 1762 (A to T) + 1764 (G to A)

no enhanced viral replication

did not affect leve! of pregenomic mRNA,
decreased precore mRNA and HBeAg

no change in H3sAg and polymerase leveis

Gunther et al., 1998

8 bp deletion (1763 —~ 1770)

replication competent

weak precore promoter activity

increased core transcripts

produced reduced amounts of HBcAg, HBeAg and HBsAg

Moriyama ef al., 1997

20bp deletion (nt1753 —- nt1772)

replication competent

completely abolishes precore promoter activity

increased core transcripts

produced reduced amounts of HBcAg, HBeAg and HBsAg

Moriyama et al., 1997
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Table 4 Transcription factors binding to core promoter.

Transcription factor(s)

Transcription factor binding site(s)

Reference

C/EBP (CCAAT/enhancer
binding protein)

nt1642 — nt1664
nt1673 — nt1688
nt1745 — nt1764
nt1804 — nt1825
nt1835 — nt1848

Lépez-Cabrera ef
al., 1990

C/EBP-related protein(s)
(but not C/EBP)

o-box and pB-box of enhancer ||

Yuh et al., 1993

COUP-TF1, HNF4, TR2,
PPAR-«-RXR-o, PPAR-y-
RXRa

nt1749 - nt1773 (DR1 hormone
receptor element)

Buckwold ef al.,
1997; Raney et al.,
1997; Yu et al, 1997

HNF3 nt1678 — nt1789 Johnson et al.,
nt1713 - nt1724 1995

HNF3 nt1716 — nt1724 (enhancer i) Liefal, 1995

HNF3 nt1713 —nt1724 Glnther et al., 1996

HNF4 nt1660 — nt1672 Guo et al., 1993;

nt1755 — nt1767

Raney et al., 1997

RLNE (rat liver nuciear
extract) :

nt1619 — nt1630
nt1635 — nt1701
nt1706 — nt1741

-| nf1747 — nt1775

at1799 — nt1825
nt1829 — ni1848

Lépez-Cabrera et
al., 1990

Liver-enriched protein

nt1759 — nt1769

Buckwold et al.,

factor (LEF) - 1996

SP1 nt1621 — nt1630 Zhang et al., 1993
n{1731 — nt1740
ni1742 — nt1752

SP1 nt1731 - nt1740 Chen et al., 19950
nt1743 — nt1754

SP1 nt1731 - nt1740 Ginther et al., 1996

nt1743 - nt1752

TBP, liver-specific factor

nt1758 — nt1776

Glnther ef al., 1596

TBP

nt1788 — nt1795

Gunther et al., 1996

Sites for Tope | breakage

1759 — nt1766

Laskus et al., 1997

Unidentified transcription
factors

M1711 = nt1727
nt1758 — nt1776

Zhang et al., 1994
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1.4 Hepatoceliular Carcinoma and HBV infection

HCC is one of the most common tumours in many parts of the Far East and sub-
Saharan Africa, with more than 310000 peopie deveioping the tumour each year (Bosch
et al., 2000). High incidences of the tumour (>15/100000 of the population per annum)
have been reported in Africa (south of the Sahara desert), Taiwan, Hong Kong, Japan,
Korea, Malaysia, Philippines, Singapore and Burma. L.ow incidences of the tumour
(<5/100000 of the population per annum) have been reported in North America, lceland,
Greenland, most of Canada, Great Britain, Australia, New Zealand, Scandinavia, israel,
india and Sri Lanka. The remaining countries either have an intermediate incidence, or

have an undocumented incidence (Kew, 1994; 1996).

The geographic distribution of HCC, at both local and global levels, is strikingly similar
to that of the HBV carrier state. This, together with the fact that HBV DNA has been
found in as much as 80% of HCC patients in high incidence regions, is evidence that it
may directly or indirectly contribute to the astiology of this cancer. Other major
environmental factors that have been impiicated in the causation of HCC include
chronic infection with the hepatitis C virus, cirrhosis and exposure to the mycotoxin,

aflatoxin B1 (Kew, 1994; 1996).

Black southern Africans are exposed to and generally get infected with HBV, in the first
months of life. Because only 1 to14% of pregnant black carriers have replicative
infection (HBeAg-positive), infection of their infants is mostly by the horizontal route.
This resuits in a persistent, asymptomatic carrier state in 80-90% of these children.

Male carriers have a lifetime relative risk of more than 100 of developing HCC, and it
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has been estimated that approximately 40% of HBV carriers will die as a result of this

tumour or cirrhosis or both (Kew, 1994; 1996).

In southern African blacks, HCC is frequently encountered in young adults in their
second or third decade of life. The disease often has an acute onset, and runs a
fulminant course. The tumour responds poorly to cancer chemotherapeutic agents and

is seidom resectabie.

1.5 Rationale and aims of the study

As already mentioned, HBV is endemic in southern African blacks. A unique feature of
this population is that only 5% of HBV carriers are HBeAg-positive in adulthood as
opposed to a higher rate of 40% found in other hyperendemic areas of the world.
Previous studies carried out by Kramvis et al. (1997, 1998a) showed that in the Black
population the high HBeAg-negative phenotype cannot be attributed to mutations
affecting its translation. Therefore, the purpose of this study was to examine the
nucleotide sequence of the BCP and the adjacent enhancer i region. Mutations within
this region could affent HBeAg synthesis at the transcriptional level and cause the
HBeAg-negative phenotype in black Aftican carriers of HBV that may contribute to
hepatocarcinogenesis in this population. Also, because these regic s tail within the
distal portion of the X gene and because the X gene is thought to play @ important role

in HBV induced HCC, the amino acid sequence of HBX was analyzed fay mutations.
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Chapter 2: MATERIALS AND METHODS

2.1 Subjects

Serum and liver tissue samples of HBsAg-positive southern African blacks were used.

2.1.1 Serum samples

Serum samples were obtained from 111 HBsAg-positive southern African blarks: 52
were asymptomatic carriers (ASC) with normal serum alanine transaminase levels, and

59 were patients with HCC.

The serum of 15 of the ASCs was HBeAg-positive and that of 37 was HBeAg-

negative/anti-hepatitis B e (HBe)-positive, Serum of 25 of the HCC patients was HBeAg-
positive and that of 34 patients was anti-HBe positive. The ratio of HBeAg- pacsitive to ‘
anti-HBe positive samples, for both the ASC and HCC patients, was roughly one-third to J

two-thirds.

Al markers for HBV were detected using commercially available kits (Abbott

Laboratories, Chicago, IL). Serum samples were stored at -70°C until analyzed.

2.1.2 Tissue samples

All tumorous and nontumorous liver tissues were obtained at necropsy or laparotomy,

‘snap frozen’ in liquid nitrogen and then stared at -70°C until analyzed.
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Tumorous and corresponding non-tumorous liver tissues were obtained from 10

patients. Tumorous tissue alone was obtained from a further 19 patients.

Seven aof the tumarous/non-tunrz 7us tissue pairs were obtained from patients whose
serum was HBsAg-positive/HBeAg-negative and 3 from those who were anti-hepatitis B
surface (HBs)anti-hepatitis B core (HBc) positive. Serum in the majority of the patients
(18 of 19) from whom only tumorous tissue was obtained was HBsAg-positive/HBeAg-
negative, in 2 patients anti-HBs/anti-HBc-positive, and in one patient anti-HBc- positive

alone.

2.2 DNA extractions

The study was carried out on DNA extracted from seruni and liver tissues samples.
DNA was extracted from serum using the QlAamp blood kit and from the liver tissue

using the salting-out protscal,

2.2.1 DNA extraction from serum

Total DNA (genomic and viral) was extracted from serum using the QlAamp blood kit
(Quigen Inc., Hilden, Germany) and the protocol followed was that provided by the

manufacturer.

Two hundred microliters of serum was pipetted into a sterile 1.5ml-microfuge tube.
Twenity five microliters of Qiagen protease and 200pt buffer AL were added to the
serum, mixed immediately by vorexing for 15 seconds, and incubated at 70°C for 10

minutes. This caused the lysis of viruses in the serum, thus allowing their DNA to be
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released. The lysate was then incubated for 15 minutes at 95°C to inactivate any
potential infectious agents that may have been present in the serum. Two hundred énd
ten microliters of 100% ethanol were added to the lysate and mixed by vortexing.

A QlAamp spin column was placed in a 2mi-collection tube, the mixture applied to it and
centrifuged at 8000rpm for 1 minute. The brief centrifugation allowed for the adsorption
of the DNA onto the QlAamp silica membrane. Proteins and other contaminants in the
lysate were not adsorbed onto the membrane because of the salt and pH conditions
used. To avoid cross-confamination between samples, care was taken not to moisten

the rim of the spin column and column caps were closed carefuily.

The QlAamp spin column was then washed twice with 500p1 of buffer AW. Each time a
clean 2ml-collection tube was used and the collection tube containing the fiitrate
discarded. These washes allowed for the removal of any residual contaminaiits without
any effect on DNA binding. The QlAamp column was then placed in a sterile 1.5ml
microcentrifuge tube, 50pl of preheated water (70°C) added to the QlAamp spin
column, incubated at room temperature for 1 minute, and the DNA eluted from the

column by a 1 minute, 8000rpm centrifugation. The eluted DNA was stored at 4°C.

2.2.2 DNA extraction from liver tissue

DNA from tumorous and non-tumorous tissue was extracted using a modified salting out
procedure described by Miller et al. (1988). This protocol allows for efficient
deproteinization by salting out cellular proteins. This is achieved by dehydration and
precipitation with a saturated NaCl solution (Miller et al., 1988).

One hundred milligrams of tissue was cut up and suspended in 5ml of buffer A,

200mg/ml proteinase K, and 10% sodium dodecyl sulfate (SDS). The tissue pulp was
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digested for 2-3 hours at 37°C with continuous mixing. Two milliliters of saturated NaCl
(approximately 6mol/l} was added to the sample and shaken for 15 minutes at room'
temperature. The sample was centrifuged for 15 minutes at 3500rpm and the
supernatant transferred to a clean polypropylene tube. An equal volume of
chloroform/isoamyl alcohol (24:1) was added, and the sample was mixed gently for 15
minutes at rcom temperature. The sample was then centrifuged at 3500rpm for 10
minutes at 8°C. The supernatant was transferred to a clean polypropylene tube, an
equal volume of chloroform added and the soiution was mixed gently for 5 minutes.
The sample was cer.trifuged at 3500rpm for 10 minutes at 8°C, and the supernatant
transferred to a clean polypropylene tube. Isoproponol was added gradually until the
DNA precipitated out of solution. The precipitated DNA strands were removed with a
pipette, washed for 2 minutes in 70% ice-cold ethanol, and resuspended in 200ul TE

buffer. The resuspended DNA was stored at 4°C.

2.3 Polymerase chain reaction (PCR)

The primers pairs used to amplify the core promoter/enhancer I! region in this study
were designed with the aid of the ‘oligo’ (Wojciech Rychlik) and ‘primer detective’
(CLONTECH Laboratories, Inc., USA) programs. The HBV consensus sequence was
used as a template, The core promoter/enhancer |l region was amplified using a nested
PCR, using primers mapping nts 1661 to 1921, (table 5). A nested PCR was necessary

because of the low viral titers in the samples.

PCR was performed in 25ul and 50yl final reaction volumes for first and second rounds,
respectively. The reaction mixture consisted of 0.01U/pul DynaZyme DNA polymerase

(Version 2.0; Finnzymes OY, Espoo, Finland), 200umol/l of each of the dNTPs, 1pmol/|
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of each of the primers, and 50mmol/i KCI, 10mmol/t Tris HCI (pH 8.8), 1.5mmol/l MgCls,
and 0.1% triton-X 100. Both rounds of PCR were performed in a programmeable thermai

cycler (Perkin Elrmer, Norwalk, CT).

The cycle profi. for the first round was 94°C for 30 seconds for denaturation, 60°C for
annealing, and 72°C for 50 seconds for elongation, for 40 cycles, followed by a final
extension step of 10 minutes at 72°C. For the second round of the nested PCR, the first
round amplicon was diluted (1:100) and 5pl of this was reamplified using the inner
primers. The cycling conditions were as for the first round of PCR except that annealing

was performed at 45°C for 30 seconds.

Table 5 Oligonucleotides used in this study.

Primer Sequence Position (nt) | Size (bp)

Outer primers

1622 (+) 5GAACGCCCATCAGATCCTGCS' 1622 — 1641 | 344

1966 (-) 5’GTCAGAAGGCAAAAACGAGAGS' | 1966 — 1946

inner primers

1661 {+) 5GACTCTTGGACTGCTCAGCS 1661 —~ 1678 | 260

1921 (-) 5TTTATACGGGTCAATGTCY 1921 — 1904

Sequencing primer

1897R 5'CCAAAGCCACCCAAGGCACAGC
TTGGAGGCTTS
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Best quality water, instead of DNA, positive and negative controls were included in both
sounds of PCR. Sera positive for HBsAg, HBeAg, and HBV {by slot-blot hybridization)
were used as positive controls. Sera from healthy blacks lacking ali HBY markers were
used as negative controls. To avoid cross contamination and false-positive resuits the
precautions and procedures suggested by Kwok and Higuchi (1989) were strictly
adhered to. The DNA was extracted in a physically separate venue from where the PCR
was performed. Separate sets of supplies and pipetting devices were dedicated for
sample preparation and setting up of PCR reactions. Furthermore, PCR reactions were
set up in a different venue from where the sample DNA was added to the reaction. The
sample DNA was always added last to minimize the number of opportunities for the

" inadvertent transfer of DNA between samples.

2.4 Detection of amplified products

A 5pt aliquot of the amplified second round PCR product was electrophoresed on a 2%
agarose gel containing ethidium bromide. A 260bp band was visualized under ultraviclet

light.

- A5 10, 20 ara 40ng/5pi DNA lambda ladder was run, on each agarose gel, to quantify

gacn positiva PCR sample, hefore sequencing.

Electrophoresis was performed at a venue physically isolated from the DNA extraction

bench, PCR bench and DNA-addition bench to avoid contamination.
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2.5 Nucleotide sequencing of PCR products

The Sanger-Coulson chain termination DNA sequencing method was used fo seguence
the core promoter/enhancer Il region. The Sequenase PCR product sequencing kit
(United States Biochemical Corp., Cleveland, OH) was used to directly sequence all

samples.

2.5.1 Enzymatic pre-treatment of PCR product

Enzymatic pre-treatment of PCR products was necessary to remove excess ptimers,
dNTPs and DNA pofymerase which are in excess in the PCR reaction. If these
components are not removed prior to sequencing, they may interfere with normal
sequencing methods that also make use of primers and nucieotides. Shrimp aikaline
phosphatase and Exonuclease | were the two hydrolytic enzymes used to achieve this.
Exonuclease | removes residual single-stranded primers and any extraneous single-
stranded DNA produced by the PCR. The shrimp alkaline phosphatase removes the
remaining dNTPs from the PCR mixture that would interfere with the labeling step of the

sequencing process.

An aliquot of the PCR ampilification mixture (0.2 - 0.5pmot) was put into a 0.5ml-
microcentrifuge tube. One microlitre of the Exonuclease | and 1yl of the shrimp alkaline
phosphatase was used per Sul of PCR product. The reaction was mixed, briefly
centrifuged and incubated at 37°C for 15 minutes. The enzymes were inactivated by
incubating the reaction at 80°C for 15 minutes. The DNA was then ready for direct

sequencing.
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2.5.2 Annealing template and primer

To a 0.5ml-microcentrifuge tube, 0.5pmol {1-9u}) of treated PCR product DNA and
10mM of either primer 1661 or 1921 was added. The volume was adjusted o 10l with

best quality water. Each sample was sequenced in the forward (primer 1661) and in the
reverse (primer 1921) directions. In a few samples sequencing in the reverse direction
with primer 1661 proved difficult, and in those cases primer 1897R was used instead

(table 5).

The reaction was denatured at 99°C for 2 minutes and cooled as quickly as possible by
placing the vial directly on an ice/water bath for 5 minutes. Rapid cooling, sromoted

primer annealing over template re-annealing.

The tube was then centrifuged briefly and placed on ice until ready to begin labelling the

reaction.

2.5.3 Labelling and termination reactions

While the template and the primer were annealing on ice, a microtiter plate was labelled
and its wells coated with 2.5ul of each termination mixture (dideoxyl(dd)G, ddA, ddT,
ddC). To the ice-cold annealed DNA mixture (10uL) the following reagents were added:
2ul of the reaction buffer (200mM Tris-HCI, pH7.5; 100mM MgCly; 250mM NaCl), 1ui
dithiothreito! (0.1M), 2ul diluted labeling mix (1:10) (7.5uM dGTP, 7.5uM dCTP, 7.5pM

dTTP), 0.5l [°S] dATP (5uCi) and 2pi Sequenase Version 2.0 T7 DNA polymerase.
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These were mixed thoroughiy and incubated at room temperature for 2 minutes.
Simuitanecusly, the microtitre plate, coated with the dideoxynucleotides, was pre-

warmed for 1 minute at 42°C.

At the end of the 2 minute iabeling incubation period, 3.5ul of the labeled reaction was
placed into each of the microftitre plate wells (incubating at 42°C) containing ddGTP,
ddATP, ddTTP and ddCTP, respectively. The reaction was allowed to incubate at 42°C

for 5 minutes.

The reactions were terminated by adding 4ul of the stop solution (95% formamide,

20mM EDTA, 0.05% bromophenol blue and 0.05% xylene cyanol FF).

The microtitre plates were stored at -20°C until ready for foading on the sequencing gel.

2.5.4 Denaturing gel electrophoresis

The samples were electrophoresed on 8% glycerol tolerant sequencing gels. Prior o
loading, sequericed samples were denatured for 2 minutes at 83°C. Three to 3.5ul of
each sample was loaded and electrophoresed for 2-3 hours at 60W,

The gels were fixed' for 20 minutes with fixing solution, dried and autoradiographed.
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2.6 Statistics

Chi (x?), Fisher's exact and Student t tests were used to analyse the data. In every case
only p values of less than 0.05 were considered to represent statistically significant

differences.
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Chapter 3: RESULTS

3.1 Detection of PCR products

Specific bands of the X/precore region of expected size (260 bps), (figure 8) were
detected in agarose gels following amplification by nested PCR in all HBeAg-positive
sera from 15 ASC and 25 HCC patients. On the other hand, a lower proport;_n of
HBeAg-negative sera were HBV DNA positive by nested PCR: 32/37 (86'x) ASC and

25/34 (73,5%) HCC serum samples. All of the tumorous tissues and non-tumorous

tissues were PCR positive.

1 2 34 5 67 8 910

Figure 8 Detection of 260bp PCR product on 2% agarose gel.

Lane 1: low molecular weight marker

Lane 2: positive control (serum positive for HBsAg, HBeAg and HBV DNA)

Lane 3: negative control (serum from healthy black individual lacking all HBV markers)
Lanes 4, 6, 8, 10: patients positive for HBV DNA

Lanes 5, 7, 9: water controls
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3.2 Seguencing analysis

Sequence analysis was only possible in samples with an amplifiable X gene without
deletions or insertions. HBV DNA amplified from both serum samples and liver tissue
was successfully sequenced in the region nt1683 to nt18489, which includes part of
the enhancer It (nt1636 - nt1741) and the BCP (nt1742 - nt1849). Furthermore this
region is transiated into the carboxyi-terminus of the X protein and the amino

terminus of the HBeAg precursor.

3.2.1 Enhancer ll sequences

The sequence of the enhancer il region (nt1683 - nt1741), was found to be
reasonably weli conserved wiien aligned to sequence EMBL X70185 (subtype
adw?2), (Preisler-Adams et al., 1993), (figures 15 — 20, appendix A), and was not
affected by either the HBeAg/anti-HBe status or the disease severity viz. ASC vs.

HCC.

3.2.2 BCP sequences

In total 42 different nucleotide sequence patterns of the BCP region (nt1742 -

nt1849), when aligned to EMBL X70185, were detected in HBV DNA extracted fro 7 ‘
sera of ASCs and HCC patients and tumorous and non-tumorous liver samples,

(Figures 9 to 12). Highlighted sequences were unique to a particular patient

population or tissue sample.
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Figure 9 Nucleotide and deduced amino acid sequence of the BCP (1742 - 1848) of HBV DNA isolated from ASCs aligned to sequence EMBL X70185 (shown in full). TA-rich
regions are underlined with a double line. Twenty-four different sequences were found in 47 ASCs. Highlighted sequences were found only in sera of ASCs. Numbers on the right
are the number found in HBeAg-positive (+) and HBeAg-negative {-) carriers. Substitutions that occurred together with wildtype nucleotides are underiined. *** indicates a
nonsense mutation,
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Figure 10 Nucleotide and deduced amino acid sequence of the BCP-(1742.- 1848) of HBV DNA isclated from HCCpatients aligned to sequence EMBL X70185 (shown in full).
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Figure 11 Nucleotide and deduced amino acid sequence of the BCP (1742 - 1849) of HBV DNA isolated from tumorous liver tissue aligned to sequence EMBL X70185 (shown in
full). TA-rich regions are underlined with a double line. Thirteen different sequences were found in 29 tumorous liver tissue samples. Highlighted sequences were found only in
tumorous liver tissuas. Substitutions that occurred together with wildtype nucleotides are underlined.
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Figure 12 Nucleotide and deduced amino acid sequence of the BCP (1742 - 1849) of HBV DNA isolated from non-tumorous liver tissue aligned tc sequence EMBL X70185
(shown in full). TA-rich regions are underlined with a double line. Five different sequences were found in 10 non-tumorous liver tissue samples. Highlighted sequences were
found only in non-tumoraus liver tissue. Substitutions that accurred together with wildtype nucleotides are underiined.
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in HBV from serum samples, missense mutations were fourid in 40% of the ASC
patients whereas 80% of HCC-derived sequences had missense mutations. Seventy
one percent (71%) of tumorous ticsue as opposed to 44% on the non-tumorous

tissues samples had missense mutations, (figures 21-26, appendix A).

Table 6 compares nucleotide and amino acid sequence divergence in BCP and
precore regions of ASCs and HCC patients (precore sequence results from previous
study, Kramvis et al., 1997, 1998a). Both nuclentide and amino acid sequences were
better conserved in the precore region compared to the BCP. Percent nucleotide
and amino acid sequence divergernce was significantly higher in the BCP compared
to the precore region (p<0.0001). in the BCP both nucleotide and aminec acid
sequence divergence were significantly higher in virus extracted from HCC patients

compared to ASCs (p < 0.0001).

In 5 patients the BCP sequences of HBV DNA were found to be identical in both
tumorous and non-tumorous tissues. in another 5 patients, tumorous tissues had
sequences different to those found in the corresponding non-tumorous tissues. The
majority (4/5) of these latter tumor-derived sequences had missense mutations
witereas those derived from the non-tumore::s tissues had wild-type sequences
{table 7, figure 11 and 12). However, there was no significant difference between
nucleotide and amino acid divergence in tumorous and non-tumorous tissue. Both
tumorous and non-tumorois tiver tissue has a nucleotide divergence of 3% whereas

tumorous tissue has an amino acic. -livergence of 8.6% and non-tumours tissue of

7%.
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Table 6 Nucleotide and amino acid sequence divergence in the BCP and precore regions of HBV isolates from sera of

ASCs and HCC patients.

BASIC CORE PROMOTER PRECORE REGION
% nucleotide divergence % amino acid divergence % nucleotide divergence % amino acid divergence
# Mean +S.D. mean +S.D. # mean +S.D. mean +S.D.

ASC

TOTAL 47 27+15° 68+39" 57 15+13 224286
HBeAgtve 15 24%13 8338 16 15£22 15£22
HbeAg-ve 32 28+186 70£40 41 16213 23%27
Hce

TOTAL 50 40£15° 10.7 +4.0® 61 1513 2227
HBeAg+ve 25 4220 11520 23 1.5%1.3 15%20
HbeAg-ve 25 3820 9953 38 1.5 £1.3 27£30
TOTAL 97 3316 8.8x4.4 118 15213 22+28
HBeAg+ve 40 35+13 9.5+3.7 39 1512 1520
HbeAg-ve 57 32+18 83+48 80 1.5£1.3 25x28

These results are derived from previous studies {Kramvis et al, 1997, 1998a]

* These results are statistically different using the Student t test.
a: p < 0.0001 comparing nucleotide divergence in BCP of HBV isolates from ASC and HCC patients.
b: p < 0.0001 comparing amino acid divergence in BCP of HBV isolates from ASC and HCC patients.
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Table 7 Sequence analysis of HBV DNA extracted from tumorous and non-tumorous

liver samples.
Group Status # Sequence analysis
Tumor Non-tumor
A HBsAg+ve/HBeAg+ve L1 Missense (A19)° Missense {A19)°
L2 Wild-type (AG) Wild-type (A6)
B HBsAg+ve/HBeAgy-ve L3 Wild-type (AB) Wild-type (A6)
L4 Missense (A19)° Missense (A19)°
L5 Missense (H7)? Wild-type (A8)
L6 | Missense (A20)" Wild-type (A4)
L7 Missense (A19)° Wild-type (AB)
L. Missense (H3)* NA
L9 Missense (H1) NA
L10 | Missense (A19)° NA
L11 | Missense (T4)? NA
L12 | Wild-type (T1) NA
L13 | Missense (H10)° NA
L14 | Missense (A24)° NA
L15 | Wild-type (A1) NA
L16 | Wild-type (A1) NA
L17 | Wild-type (A1) NA
L18 | Missense {A19)? NA
L19 | Missense (A24)" NA
L20 | Missense (T2) NA
L21 | Missense (A19)* NA
L22 Missense (H1) NA
c Anti-HBs+ve/anti-HBc+ve L23 | Missense (A19)® Missense (A19)°
L24 | Missense (A19)® Wild-type (A1)
L25 | Wild-type (A6) Missense (NT1)°
126 | Wild-type (AB) NA
127 | Missense (A13)? NA
L28 | Missense (T3)° NA

Numbers in brackets refer to sequence numbers in figures 9-12.

a: with 176271764%

b: with 1764*

NA: tissue not available
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The BCP sequences obtained from both sera and tissues were characterised by 2
very well conserved regions: nt1770 - nt1808 and nt1813 - nt1849; and 2 hyper
variable regions: nt1753 - nt1769 and nt1809 - nt1812. In a GenBank search
sequence M57663 (subtype adw; isolated from a Philippino) (Estacio et al., 1988)
was found to have the same mutations at 1809 and 1812. These missense
mutations, 1809 (G T; alanine to serine) and 1812 (C T, proline to serine) may be
characteristic of the virus found in southern African blacks because they were

detected in 80% of the sequences.

The most common changes in the first hyper variable region nt1753 - nt1769 were
the missense mutations at 1762 (A T; lysine to methionine) and 1764 (G A; valine
to isoleucine), (figure 13). The 17627 was never found to occur in the absence of
1764 whereas 1764 did occur alone, (figure 13). Table 8 compares the frequency
of these single and double BCP mutations in the different patient populations and in
the HBeAg-positive and HBeAg-negative serum samples. There was no significant
difference in the incidence of the double 1762 1764" mutant in HBeAg-negative
patients when compared to HBeAg-positive patients. However, when HBeAg titers
were compared semi-quantitatively in HBeAg-positive ASCs and HCC patients, with
wild-type precore region, (see appendix A), the levels were significantly lower in
patients carrying the virus with the 17627 1764* double mutants, (figure 14) i.e., 3.0
in the mutant versus 7.8 in the wild-type (jp < 0.0001). This equates to a 60%
reduction in HBeAg expression. The frequency of the double 17627 1764 mutant
was significantly higher in HCC patients when compared to ASCs (table 8)
(p<0.0001). Sequence A19 was the sequence most commonly found in sera and

tissue of HCC patients, (figures 10-12) and only in one ASC, (figure 9). Moreover,
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sequence H3, which in addition to the 176271 764" has a mutation at position 1753,

was only found in sera and tissue of HCC patients and not ASCs.

Table 8 Frequency of BCP mutations in HBV isolates from ASC and HCC patients.

Sample |Patients # 17627 1764* 1764" TOTAL
mutani mutant
Sera
ASC 47 5(11%)* 10(21%) |15 (32%)"
HBeAn+ve 15 1 (7%) 1(7%) 2 (14%)
HBeAg-ve 32 4 (13%) 8 (28%) 13 (41%)
HCC 50 33 (66%)™ 9 (18%) 42 (84%)®
HBeAg+ve 25 20 (80%) 2 (8%) 22 (88%)
HBeAg-ve 25 13 (52%) 7 (28%) 20 (80%)
Total 97 38 (39%) 19 (20%) |57 (59%)
HBeAg+ve 40 21 (53%) 3 (8%) 24 (61%)
HBeAg-ve 57 17 (30%) 16 (28%) |33 (58%)
Tissues
Tumorous 28 15 (54%) 3 (11%) 18 (65%)
Nontumorous 10 4 (40%) 0 (0%) 4 (40%)

* These results are statistically different using the ¢® test
a: p < 0,0001 comparing the frequency of 176271764 mutant in HCC vs. ASC
b: p < 0,0001 comparing the frequency of 176271764* and 1764 *mutant in HCC vs.
ASC.
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Figure 13 Autoradiographs demonstrating the wildtype 1762*1764€ sequence, the
176271764”* double mutant sequence and the 1764 mutation found together
with the wildtype 1762 sequence.
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Figure 14 Comparison of HBeAgrtitres between HBeAg-positive and HCC patients
with and without 176271764,
HBeAg titres as determined semi-quantitatively by radioimmunoassay of serum samples. A
level of 1.0 corresponds to 1,000cpm. Black and white points are for samples with and
without 176271764, respectively. The white point with slash is a sample with 1764" without
1762. The serum HBeAg titres were significantly lower in patients with 176271764 than
those without (p<0.0001). The difference in HBeAg titers between HBeAg-positive ASCs and
HCC patients were also significantly different (p<0.0001). The mean and standard deviation
from ~ach group are shown.
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Chapter 4: DISCUSSION

HBV has a small compact genome with four overlapping regions, viz. polymerase,
surface, X and precore/core regions (Gerber ef al., 1985; Tiollais ef a/. 1985, 1988).
The region sequenced, nt1685 to nt1849, is fairly compact and complex containing
the BCP, part of the enhancer Il, and encodes for the carboxyl-terminus of the X

protein.

The compact naiure and compleyity of this portion of the genome has resulted in a
164-nucle otide region that has a dual function (Yaginuma et al., 1987; Yuh et a/.,
1992; Chen et al., 1995a). Firstly, the BCP and enhancer Il are important elements in
the control of transcription of both the precore mRNA and pregenomic mRNA (Yuh et
al., 1992). The precore mRNA is translated into the precorefcore protein that is post-
translationally processed to produce the HBeAg, an important marker of infectivity
and viral replication. The pregenomic mRNA is transiated into the core and
polymerase proteins, while a small fraction is encépsidated into core patticles and
reverse transcribed into the viral genome (Bonino et al., 1991, Schaller et al., 1991;
Yuh et al. 1992; Okamoto et al., 1894; Chen et al. 1995a; Sato et al., 1995; Baumert
et al., 1996; Scaglioni et al., 1997a;). The second import: nt function of this region is
encoding for part of the X protein, which has transactivation functions. The DR1,
which is important for primer binding during genome replication, is also found within

the region sequenced (Kidd-Ljunggren et al., 1897).

Close analysis of this region was therefore important because mutations may affect

HBeAg production and/or viral replication and/or the amino acid sequence of the X

protein.
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Nucleotide and amino acid sequence divergences were both significantly lower in the
precore region than in the BCP (table 6). This was true for both the ASCs and .
patients with HCC. This supports previous observations that inferred that BCF
changes appear earlier than precore changes (Chang et al., 1999; Shindo et al.,
1999). Also, it lends support to recent reports that suggest that BCP mutations may
develop more frequently in patients with HBV genotypes that prevent the
development of the precore stop codon mutation (Lindh et al., 1998; Chan et al.,
1999), as is the case in the southern African black poputlation (Kramvis ef al., 1997,

1998a).

Interestingly, the nucleotide and amino acid sequence divergences were similar in
ASCs and patients with HCC in the precore region, but differed significantly in the
BCP. Both the nucleotide and amino acid sequence divergences were significantly
higher in the patients with HCC (p < 0.001). 80% of HCC-derived sequences had
missense mutations compared to 40% in ASCs. Since the nucleotide and amino acid
substitution rates in the X and core regions have been reported to generally be
similar, the higher nucleotide and amino acid sequence divergence in HCC patients
suggests a selection of virus with missense mutations in this region (Orito et al.,
1989). When tumor and non-tumor sequence divergences were compared, no
significant differences were noted. Hsia et al. (1996) found the same in tumor and
adjacent non-tumor tissues from patients with HCC from Qidong and Beijing. In our
study, however, the number of non-tumor tissues was too few to draw any firm

conclusions.

Two highly conserved regions were identified within the sequenced region, viz.
nt1770 to nt1808 and nt1813 to nt1849. This is in agreement with other studies
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(Okamoto et al., 1994; Laskus et al., 1995; Kidd-Ljunggren et al., 1595, 1997, Honda
et al., 1999). It is not surprising that these regions are so well conserved because '

they are crucial in regulating transcription and replication of HBV.

In the region from nt1770 to nt1808 mutations were found in only 2/136 sequences
and these occurred as mixed populations with the wildtype sequence. The wildtype
sequence is thought to have a compensatory effect overcoming the potentially lsthal
effect of the mutation and thus allowing for normal viral function. Sequences
corresponding to the initiator sequence of the precore promoter (nt1788 - nt1791)
and TATA sequence of the pregenomic promoter (nt1788 - nt1724) have been
mapped to this region (Chen et al., 1995a; Yu et al., 1996). Thus, changes in this
region could drastically alter transuription levels of precore mRNA and pregenomiic
mRNA. Additionally, sequences in this region correspond to the Kunitz domain of
serine protease inhibitors that have been shown to be essential for the

transactivating function of the X protein (Arii et al., 1992; Koike et al., 1995).

The second well conserved region (nt1813 to nt1849) codes for the carboxyl-
terminus of the X protein. Even though this region is thought not {o be essential for
transactivation (Ritter ef al., 1991; Arii et al., 1992; Runkel ef al., 1993), its intactness
is essential to maintain the X protein's overall secondary structure that allows for its
proper and efficient functioning. The initiator sequence for the pregenomic promoter
(nt1817 - nt1821) is also located in this region, as is DR1. Thus, failure to conserve

this sequence would result in no viral replication.

in this study, mutations 1809 and 1812 were found in 80% of all sequences. These

mutations have previously been reported by Estacio et al. (1988) i.n a Philippino man,
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in 1 out of 29 HBV stains from 14 different countries and hy Laskus et al. (1994b) in
chronic hepatitis patients after orthotopic liver transplantation. As a result of the high
incidence of these mutations in the southern African isolates it is likely that these
mutations represent wildtype sequences in this population rather than mutations.
These changes disrupt the Watson-Crick base pairs in the secondary structure of the
pregenomic RNA around DR1, but seemingly do not interfere with viral replication
and/or do not seem to affect the function of the X protein (Kidd et al., 1996). These
mutations result in missense mutations converting the hydrophobic, larger alanine
and proline to the smaller and polar serine amino acids. It is possible that 1809 or
1812, or bath, affect the transiation of HBeAg because these mutations, particularly
1812, change the optimal sequence for initiation by eukaryotic ribosomes (reviewed

by Kramvis ef al., 1999),

The most common missense mutations occurring in the BCP in southern African
isolates were the 17627 and 1764* in tandem and 1764* alone. 1762" alone was not
found. This is in agreement with the HBeAg seroconversion longitudinal study carried
out by Chan et al. (1999). In their study they found that in a few cases 1764" first
arose as an intermediate step, while 17627 remained wildtype. In no cases did 17627
arise on itg own (Chan et al., 1999). This had also previously been documented by
Kidd-Ljunggren ef al. (1997). However, contradicting our results, Erhardt et al. {2000)
and Lind’h et al. (1999) recently reported that 1762 A to T often deveiops during HBe
seroconversion, particularly in strains without precore mutants that prevent HBeAg
production. Previous studies rarely report either of these mutations to occur on their
own. They commonly occur together and have been found to occur in ASCs
(Takahashi ef al., 1995, 1999; Kurosaki ef al., 1996; Lindh et al., 1999), patients with
self-limiting or severe acute hepatitis (Aritomi ef al., 1998), patients with chronic
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hepatitis (Tong et al., 1990; Horikita ef al., 1994; Laslgus et al., 1995; Takahashi et
al., 1995, 1999; Buckwold ef al., 1996; Kanai et al., 1996; Kim ef al., 1999; Kurosaki'
et al., 1996; Sterrieck et al., 1996; Hou ef al., 1999), patients with fulminant hepatitis
(Ogata et al., 1993; Hasagawa ef al., 1994; Horikita et al., 1994; Kaneko et al., 1995;
Laskus et al., 1995; Sato et al., 1995; McMillan ef al., 1996; Aritomi et al., 1998) and
patients with HCC. (Loncarevic ef al., 1990; Blum ef al., 1991; Takahashi et al., 1995,

1998, 1999; Hsia et al., 1996).

It was found that the incidence of 1764" on its own was similar in ASC and patients
with HCC. The prevalence of the double missense mutation, 1762 along with 1764*
was significantly (p<0.001) higher in patients with HCC when compared to ASCs.
This is in agreement with study of Fang et al. (1998). The 1762 mutation was found
in 68% of HCC isolates and 1764 mutation in 80%, in comparison to 13.5% and
38% in ASC isolates, respectively. This considerable step-up between the ASCs and
patients with HCC suggests that these mutations may play a role in HBV-induced
hepatocarcinogenesis because in black Africans it is usually the ASCs in whom HCC
develops. In 1995 Laskus ef al. showed that 176271764 was common in cirrhotic
patients with end-stage liver disease. They speculated that these mutations may
accumulate over time and that in long-term infections these variants may cause more
serious liver disease (Laskus et al., 1995). Aritomi et al. (1998) also found that the
precore 1896 stop mutation and 176271764 mutations increased proportionally with
severity of disease, with fulminant hepatitis patients having a higher frequency of
these mutations when compared to patients with acute hepatitis. Hou et al. (1999)
also noted that the double mutation was significantly more common in Japaness
patients with chronic hepatitis than ASC. In contrast, McMillian et al. (1996) found no
. assogciation bgtween the 176271764 mutations and the seyerity of.diseass e . . . -«
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patients who had severe recurrent disease post-transplantation. The incidence of
1762" and 1764” mutations in Japanese patients was not significantly different from
those in the southern African isolates and therefore inay suggest a similar if not

identical mechanism/s leading to the progression of HCC (Takahashi et ef., 1998).

in our study no association was found between 176271 764" and HBeAg negativity.
This is in agreernent with studies carried out by Laskus et al. (1995), Takahashi ef al.
(1995), McMillian et al. (1996), Nagasaka et al. (1998) and Lindh et al. (1999) but
contrasts with the results of Okamoto et al. (1994), Nashizono ef al. (1995), Sato et
al, (1995), Kidd-Ljunggren et al. (1996, 1997), Kurosaki et al. (1996) and Hou et al.
(1999). Comparing HBeAg-titers of the HBeAg-positive sera with 176271764 with
sera with wildtype virus, revealed that in patients carrying the mutant virus, the
HBeAg titers were reduced by 60%. This supports the findings of Takahashi ef al.
(1995), Buckwold et al. (1996), Kurosaki et al. (1996), and Erhardt et al. (2000},
indicating that the doubie mutation suppresses HBeAg-production, rather than
abolishing its production altogether. These results have been confirmed in in vitro
systems (Buckwold et al., 1996, 1997; Moriyama et al., 1996; Gunther et al., 1998).
in the studies carried out by Buckwold et al. (1996, 1997b) and Moriyama et al.
(1996), the 176271764" rutations resulted in reduced franscription levels of the

precore miRMA, and thus decreased HBeAg synthesis.

Functional studies by Yu et al. (1996) have shown that precore mRNA and
pregenomic mRNA are under the control of two distinct promoters. The 17627
mutation falls within the TATA-like box of the precore promoter controlling the
transcription of precore mRNA (Sato et al., 1995). In eukaryotic promoters, point

’d
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mutations in the TATA sequence motif have been shown fo drasiically decrease -
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specific in vitro transcription. Thus, if this coricept is extended fo viral promoters, it
may be specuiated that the TTAAA — TTAAT change in the TATA-like box reduces'
the efficiency of the precore promoter without affecting its precision of initiation,
resulting in decreased HBeAg production, rather than its comiplete abolishment,
(figure 14), (Okamoto et al., 1994; Chen et al.,1995a; Laskus et al., 1995; Kurosaki et
al., 1996). In vitro studies conducted by Buckwold et al. (19387} support this
hypothesis. They found that 1764% on its own has no effect on precore mRNA
transcription, whereas 17627 on its own gives the same HBeAg-suppressive
phenotype as the 176271764" double mutation. Meriyama et al. (1997) concluded
from their deletior: in vitro studies that nt1757 to nt1762 are important for efficient
initiation of the precore mRNA, thus providing indirect evidence that nt1762 is
important for proper BCP functioning. A longitudinal study carried out by Chan st al.
(1999), following sequence changes in patients seroconverting from HBeAg-positive
to HBeAg-negative, provides further indirect evidence for the HBeAg suppressed
phenotype. The 176271764" missense mutations have been shown to arise before
the stop codon mutation 18986, thus reflecting that the BCP mutations are inefficient

in compietely preventing HBeAg production (Lindh et al., 1998; Chan et ai., 1999).

in vitro studies have generated controversial resuits with regards to the effects of
176271764 on viral replication. Using a reporter gerie under a mutated promoter,
Nishizono et al. (1995) failed to detect a significant difference in promoter activity
when comparing mutant and wiidtype HBV. In transfection studies 176271764"
suppressed precore mRNA transcription and enhanced viral replication (Buckwold et
al., 1996, 1997; Moriyama et al., 1996, 1997). Buckwold et al. (1996, 1997) found,
from their transfection studies, that a liver specific-enriched transcription factor (which

they identified as the chicken ovalBuinin upstream promcter-transeription factor
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(COUP-TF) or a protein closely related to it) binds to nt1756 to nt1766. This site
directly covers the 176271764* mutation. The 17627 mutation only or the 176271 764
double mutation together, were both shown to prevent ihe binding of this transcription
factor. The result was a reduction of the precore mRNA transcription to 1/3 of the
wildtype level. Furthermore, replication of the mutant virus was significantly enhanced
relative to the wildtype vin ,, possibly because the reduction in the e antigen allowed
for enhanced packaging efficiency of the pregenomic RNA. It has been speculated
tha! the small amounts of e antigen that are refeased into the cytosoi are likely to
suppress HBV progeny production immediately prior to the encapsidation step in a
ciominant-negative regulatory manner, since this protein is structuraliy similar to the
core protein. The 176271764* double mutation did not affect the transcription of any
of the other HBV genes (Buckwald ef af., 1996; 1997). The transfection studies of
Moriyama et al. (1998, 1997) and Buckwold et al. (1996, 1997) were in general
agreement. However, Moriyama et al. (1998, 1997} attributed the increase of viral
replication to an increase in pregenomic RNA transcription rather than enhanced
_encapsidation suggested by Buckwold et al. (1996, 1997). In contrast Ginther et al.
(1998) found reduced precore mRNA transcription only and no ircreased viral
repli'cation' in transfection studies using HuH7 cells. The fact that we and others have
detested these mutants in viral isolates from sera of ASC and HCC patients, which
have low HBV DNA titers (basad on the fact that HBV DNA could be detected only by
using nested PCR), argues against theée mutations causing increased viral
replication. Further support for this view is provided by the finding that DNA
poclymerase levels were significantly lower in patients with the double mutant virus
{Kurosaki et al., 1998). Thus, the prevalence of the 176271764" mutant virus over
wildtype virus in HCC patients appears not to result from increased viral replication

but may be secondary to decreased HBeAg expression.
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Comparison of in vivo and in vitro results must be exercised with extreme caution
because in vitro systems do not allow for the testing of certain in vivo conditions; for
example: the interactions between the virus and the immune system, the different
ratios of mutant to wildtype virus during natural infection and the effect of different
genotypes. Subtle differences in factors like these may therefore cause variable

results, as is often seen in simitar studies.

Besides the 176271764” mutations other mutations were found in the BCP of ASC
and patients with HCC, in varying proportions. These inciude a T tc C missense
mutation at nt1753, a silent C to T mutation at nt1766 and a T to A missense
mutation at nt1768. All these mutations cluster around the 176271764” double
mutation, a region previously noted by Kidd-Ljunggren et gl. (1997} as being

hypervariable.

The 1753 T to C missense mutation was always found together with 1762 and/or
1764 mutation/s. its incidence was similar in both HBeAg-positive and HBeAg-
negative ASC and HCC patients. This contradicts the results that found 1753 to occur
more frequenitly in HBeAg-negative patients (Nagasaka ef al., 1998). in our study we
found that 1753 occurred at a significantly higher rate (p=0.015 with Yates correction)
in HCC patients when compared to the rate seen in ASCs. This was to be expected
since 1753 was only found coupled to 1762 and/or 1764 mutation/s and these were
found at a significantly higher rate in HCC patients. An in vitro study carried out by
Gunther ef al. (1998) studying the effects of these three linked mutations found that
they did not enhance viral replication, they had no effect on the level of pregenomic
mRNA, they decreased precore mRNA and HBeAg and caused no change to the
HBsAg and polymerase levels. Kidd et al. (1996) proposéd that thé 1762717647 .
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double mutation and other mutations at nt1751 to nt1757 are likely to cause
structural changes in the secondary structure of the pregenomic RNA (nt1742 —
nt1847). They speculated that these changes would resutlt in enhanced viral
replication. However, the results of Glnther et al. (1998) in vitro study refute this

proposal.

The 1766 and 1768& mutations were more common in HCC patients than ASC, but
these differences were not statistically significant. They were found in both HBeAg-
positive and HBeAg-negative ASCs und HCC patients, thus seemingly not interfering
with HBeAg production. In vitro studies of these mutations found that these
mutations resulted in enhanced encapsidation and replication, caused a minor
“~crease in transcription of pregenomic mRNA and increase H3eAg expression in
vitro. Transfection studies looking at the combined effect of the 1762, 1764, 1766 and
1768 mutations in tandem found that there was a decrease in the levels of precore
mRNA (and thus HBeAg), tlie pregenomic mRNA synthesis was not affected and
viral replication was only moderately enhanced (Scagiioni et al., 1997b). Mutations at
1764 and 1766 or 1766 and 1768 have been reported in chiidren with muitiple anti-
HBe/HBeAg reactivations. In both cases these mutation combinations resulted in
enhanced core promoter activity likely due to novel or altered binding sites for liver

enriched or ubiquitous transcription factors (Gerner et al., 1999).

A number of liver-enriched «nd ubiquitous cellular transcription factors have been
shown to bind to the BCP and to be important in determining the level of transcription
from HBV promoters, (table 4), (Johnsaon ef al., 1995). Often the sequence to which
one particular transcription factor binds to is the same or overlaps with the sequence

to which another transcription factor may bind. Mutations may cause transcription
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factor binding to be abolished, altered (either increased or decreased) and/or may
even create a new transcription factor binding site (Li et 2/., 1995; Gunther et al.,
1996; Pult et al., 1997; Raney ef al., 1997; Buckwold ef al., 1999). The
CCAAT/enhancer binding protein (C/EBP) (Lopez-Cabrera ef al., 1990), several
members of the nuclear receptor superfamily (viz. COUP-TF1, HNF4, TR2, PPAR-a-
RXR-a, PPAR-y-RXRa) (Buckwold et al., 1997; Raney et al., 1997; Yu et al., 1997),
HNF4 (Guo et al., 1993; Raney et al., 1997), rat liver nuclear exiract (RLNE) (L6épez-
Cabrera, et al., 1990), liver-enriched protein factor (LEF) (Buckwold et al., 1996),
TBP {Ginther et al., 1996) and other unidentified transcription factors (Zhang et al,,
1997) have all been mapped to bind the region within which the 176271764%
mutations occur. These changes may result in the temporal or differential regulation
of transcription of the precore and pregenomic promoter (Jonhson ef al., 1995;
Kurosaki ef al., 1996; Raney ef al,, 1997; Yu et 2/ 1997). From this study however,
no conclusions can be drawn as to how these mutations may or may not affect

transcription factor binding and thus promoter functioning.

From this and other studies it is obvious that mutations in the BCP are more
prevalent in HCC patients relativs to ASC. /n vivo and in vitro studies have shown
that these mutations generally suppress HBeAg synthesis and this may contribute to

hepatocarcinogenesis. However, the exact mechanisms involved are unknown.

HBeAg shares epitopes with HBcAg and this has been postulated to induce immune
tolerance against itself or HBcAg or both antigens (Milich et al., 1990; Carman et al.,
1993). It reduces the immune pressure on HBcAg by diverting the immune effector
cells away from the infected hepatocytes, allowing for prolonged viral survival

mas et al., 1994; Carman, 1995). However, in the
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presence of reduced or absent serum HBeAg, HBcAg may be targeted directly by
both the cellular and humoral immune systems (Milich et al., 1988) leading to
necrosis of hepatocytes and liver damage (Brunetto et al., 1991; Kaneko et al.,,
1995). HBCcAg eiicits a significantly more vigorous antibody response in vivo than
HBeAg (Milich ef al. 1988). Liver damage is an impoitant contributing factor in the
development of HBV-related HCC (Kew, 1996). This offers one possible mechanism
by which 176271764" and other BCP mutations, that reduce HBeAg synthesis, may

contribute to hepatocarcinogenesis.

Missense mutations in the BCP could affect the structure of the X protein.
176271764 are nonsynonymous and convert amino acids 130 and 131 of the
overlapping X coding region from lysine to methionine (1762; A—T, AAG— ATC) and
valine to isoleucine (1764; G—A, GTC—»ATC), respectively. Lysine is a charged
amino acid, whereas methionine is hydrophobic, and this alteration could be the
reason why the 1762 mutation is rarely found alone. On the other hand, because
both valine and isoleucine are hydrophobic the 1764* mutation on its own is better
tolerated. A study by Li ef al. (1999) dem’oynst'rated that the two-codon change in the
X protéin is able to suppress both pre-C mRNA and pregencric RNA synthesis.
However, 176271764* double mutant creates a HNF1 site. Thus, this partially
counteracts the suppressive effect and restores pregenomic RNA, but not precore |

mRNA levels (Li et al., 1959).

The amino acid changes caused by the missense mutations clustered around
176271764 and 1809/1812 may alter the structure of the X protein. Structural
changes to the protein may alter its function. Functional changes could result in it

interacting in a modified manner with cellular and viral genes and/or promoters. This
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could lead to changes occurring in essential pathways, thereby contribute to

hepatocarcinogenesis.
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Chapter 5: CONCLUSICNS

Detailed sequence analysis of the BCP was important to establish if changes
occurring in this region may contribute to the high HBeAg-negativity and
hepatoceliular carcinoma rates observed in Black southern Africans. Serum and liver
tissue from HCC patients as well as serum from ASCs were used for the analyses.
Two missense mutations at positions 1809 and 1812 were found in 80% of all
sequences (ASCs and HCC). These have not commoniy been reported in other
studies and may thus represent a wildtype sequence in southern African isolates.
The commonly reported 176271764” missense mutations were found at a
significantly higher rate in HCC patients. They were not shown to be associated with
HBeAg-negativity but suppress HBeAg titers in HBeAg-positive patients, therefore
suggesting that these mutations alone are not sufficient to abolish HBeAg production.
Mutations at nt1753, nt1766 and nt1768 were found less commonly found. Since the
BCP overlaps with the distal region of the X ORF, it is possible that different
cornbinations of the observed mutations may change the structure and/or function of
the X protein. HBX is known to be a potent transactivator of viral and cellilar genes.
Therefore, change 5 to the X protein, suppressed HBeAg expression and host
immune responses, may be contributing factors in the development of

hepatocarcinogenesis. Functional studies are necessary to test these hypotheses.
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PATIEHT HANE ALT LEVEL
KHELSAKE ZULE 12
MATTHEWS NDAWONDE D
PIUS MADLANE 6
SAMUEL SEBATJANE B
PIET MBOKANE 7
TOMOTHY MAKHUGA L]
THABO MPO -]
WALTER BUTHELE21 10
SO0LOMON MOKOEHG 15
AMOS MASWANGANYI 28
ELIAS HLATSWAYOD M
ISAAC MHLONGO 26
JOSEPHNKUNA ND
MAXWELL SEGOD} ND
JAHARNES MUVUNmé ND

ANTIGEN STATUS

KBsAgs/HBeAg +

HisAg+IHBeAg +

HBaAg+ IHBeAg +

HBsAgs /HBaAg ¢

HBsAg+ IHBaAG +

HBsAg+/HAsAG +

HasAge THBaAD +

HavAg/HBsAG +

HRsAg+ IHBaAG +

HBsAg+/HBsAD

HBsAg /HBrAG +

HsAg+/HBAg +

HesAge /HBsAG +

HBzAgs /HBeAg +

HBiAg+ THBuAg +

1583 90 17080 10 20 10 40
TCAACGACCGACCTTGAGGCCTACTTCAAAGACTGTGCTGTYITAAGGACTGGGAGGAGTT
SerThrThrAsplLeuGluAlaTyrPhelysAspCysValPhelysAspTrpGluGiule
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............................... D
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Leu
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Figure 15 Nucleotide and deduced amino acid sequence of the enhancer |} {1683-1742) of HBV DNA isolated from 15 HBeAg

positive sera of ASCs aligned to sequence EMBL X70185 (shown in full). Where availabie, ALT levels and/or patients' HBV

antigen status are given.
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PATIENT NAME ANTIGEN STATUS

1683 s 0 1700 i0 20 30 40
TCAACGACGCBACCTTGAGGCCTACTTCAAAGACTGTGTGTTTAAGGACTGGGAGLAGTT
BerTheThrAspleuGIiuAlaTyrPhelysAspCysVaiPhalysAspgVrpGluGliule
BENIAMIN NHLANO HBSAGH JAMHBCH THBOAG-  » = = + = & » = = = o o - w s s mm s ameee e eeea e et seaees
JOSEPH RKUTHA HEsAGH [ HBaAg- e I R R I I D I g-
ARTHUR MASWI HBEAGH/HBRAG: - e e s s s s mm e o m e Tereasoeonnannen I;;-->~-A--<’-‘-- ------
HEM TIHUMEKILE HE2oAgs / HBeAG- I I i IR R A B Cere et c.
TAPSON MOYO HEsAg+ / HBeAG- B B R L I ...
JGSEPH MOKGOTHD HBAG* / HBaAg- L T T I I I I AR B B
1SAAC FEHDESANE HBMAGHIHBEAQ- ~ - - e s e s s s e eaeae e R B I R I I I
V/ILLIAM MIATONA HBsAge B R B I e e
ABIOS MLABA HBsAg I HBeAG- D I IR B T e R AE I ST AR R SR I
ANNA THOB! [ L T T R I I DR R I R
ABIOS HLABA HBRAHIHBOAGe s e s 4 oo e - - R I R R B R s
PETER MOKHONOANE. HEMAQH/ anlHBCH I HBBAG-  + » > = o v o 4 s o4 e e e e e e e e ae e Arecocacscansan
JOSEPH MOFOKENG HBaAG+/HBAAR- ~ e s s e v - - m - e s s m e D I i D Aeoowesonnasncnn .
1SAAC FEOHESANE HBAAGHIAB-HBCHIHBOAG: = = = = = > o o = 7o oo o c o aerae . teeeaar e “ A eean e iee e
MUSA SIWANI HBEAGH antiHOCH T HBBA = = o = = o = = = oo e e ma e onn [ R I T ceeea Aecoovamranneaan
CENSTANCE PILANE HEaAGe [anS-HBGH /HEBAGs » = = = e 3+ » = o ¢ e e o v m s s e n et R R R
JACOB MADISHA HBoAGH (anthHBCH JHBBAG: v = = = = o« « = o s e o ee et DR “eAeceseennancaan
HUSA SWANE HBAAGH anti-HBCHIHERAG: o = = o = s o = = e o nnesmooeesoa R T T Aeevooconannn .-
JOHNSON KHALA HHSAQ+/HBAAQ- = e e e m =« s e s e s e D T T T LI I Aeoeeonne s cmacees
AARON MOJAU HBMAQHIHBOAQ: ~ s et e s s s et e e seemac s eaiece e aiceet et ae e .-
SSSIPHMCSTRRENG HBe\q+ [ HBaA~ R I e eeee. L
cxXi7 HBaAgf HElaAg- L T et e tee e Acovonn P
cxig HiaAge HBeAg- IR I R L R R TR faeme e e .
cx25 HEsAgH I HBaAg- L e R L I Aeeovon ceehaaee
a2 HBsAg+/ HieAg- R I I L I - Avaewnen creenree
) HBrAge | HEarg- D L T T T I B Aesrmensnmnasoanns

Leu
a2 HsAg+ { HBsAG L L LTI e I feee et ciri e eaeae feeres
128 HBIAQS THBOAY- e e e e e s e s D IR B LR R .
35 HBsAg+ f HBoAg- B LR R L I ‘e Asvomeoens ceeas
oxiTs HBAGH/ HBaAg. e vee e e e e et e e Aevcococaannan .
17 HBL g+ [ HBeAg- B R R L I IT IR SR D ..
cxi112 HinAgt/ HBeAg- B L T e B L R S oA esae i

Figure 16 Nucleotide and deduced amino acid sequence of the enhancer Il {1683-1742) of HBV DNA isolated from 32
HBeAg-negative sera of ASCs aligned to sequence EMBL X70185 (shown in full). Patients' HBV antigen status is given.
Substitutions that occurred together with wildtype nucleotides are underlined.
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PATIENT NAME ALTLEVELS AKRTIGEN STATUS

16313 50 1700 10 29 13 40
TEAACOACCOACCTTIGAOGCCTACTTICAAAGACTGTIGTOTTYAAGUACTOGOAO0AGTT
SerThrThrAspLoeuBluAlaTyrPholysAspCysValPhelysAspTrpoluliubae

ALEXAIORE PELEVERE No FBUGHMBAZS < 4 b s e e b e e e e e e Aeomannns ISP
JERRYMATIERULA ] HIvg THBeAge ‘e e PN N
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SALAMAD CHCHAWA wo HEAGHINBEADY e e e n ek o LN e e Cr e
BEIHEL N HBMGHIVBEAGs e m e o s tme e e f et usesea et Cee e avan e Aevoona “ree e
RODGER $OARA 5150 [ e fe i cee e Cieee s
DAPIEL MOHOLAMA 38 R ITeAGe e e e e e s [P e T reseeeenn F T
AR 1 HEUAQHIHBIAge « e s e e naaen e e e Tt e F O
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ABERTWAPHOLD H PGS THBIATY = e e e e e e S et Asaasaanan D .
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Figure 17 Nucleotide and deduced amino acid sequence of the enhancer II (1683-1742) of HBV DNA isolated from 25 HBeAg-positive
sera of HCC patients aligned to sequence EMBL X70'85 (shown in full). Where available, ALT levels and/or patients' HBV antigen
status are givan,
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PATIENT NAME ANTIGEN STATUS

186183 so 1700 10 20 o 40
TCAACGACCGACCTTOGAGGCCTACTTCAAAGACTOIGTGYTTAAGGACTGGGAGGAGTT

S31TheThrAspLeuGl uAl aTyrPholysAspCysValPheLysAspTrpGltuGiule
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ELAL DLAMING L L e I L R R
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Figure 18 Nucleotide and deduced amino acid sequencie of the enhancer Il (1683l1v742) of HBV DNA isolated from
25 HBeAg-negative sera of HCC patients aligned to sequence EMBL X70185 (shown in full). Patients" HBV antigen
status is given. Substitutions that occurred together with wildtype nucleotides are underlined.
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PATIENT KAME. ANTIGEN STATUS.  TISSUE TYPE

1883 90 1700 1o 20 10 40
TCAACGACCGACCTTGAGGCCTACTTCAAAGACTGTGT3TTITAAGGAGTGGGAGGAGTT
BerThsrThrAspLeuGl uAl ATYrPhalysAspCyYsValPhalysAspTepGtuGlule
DANIEL MONDLANE HEsAgs I HBeAg- T eaeecneeeaan e Tevooonann e T .-
T Toeowanmmnns e e e e A e e
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Figure 19 Nucleotide and deduced amino acid sequence of the enhancer [l {1683-1742) of HBV DNA isolated from 10
nontumorous and corresponding tumorous liver tissues aligned to sequence EMBL X70185 (shown in full), Patienis' HBV
antigen status are given.

85



PATIENT NAME ANTIGEN STATUS

18823 20 1700 10 20 30 40
TCAACGACCGBACCTTGAGGECTACTTCAAAGACTOTGTGTTTAAGGACTGBQAGGAGTT

SerThrThrAspLouGt uAl aTyrPhelysAspCysValPhelysAspYrpGluGlulLe
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ERIC MPADI HB3AGH THBEAG: = = = = @ = m == 2o e v o aa Acetm e mae st e maeaan Aeve «  veeeeana
BOWINI MAVO L L I S Y T o =m e e m e cacmeecnsnenen- B
MTYPI NOALIBENVE HBSAg#FHBeAg- - - - - s e i e a - e ae e a o Acmccemoecaacaeaeeneanne Aemmmcemeenes .
PAULINO MATOLA HBsAg+/HBEAZ- + e - s s - e st b s s e m e m e F I I T R Avcomcmcenmnse-a
BOA VENTLRA HBIAGHTHBEAG: o « e m e e ma v e - oo oo Asemme s uanrceceecacaenen Acvceccaamencenn
ARMANDO RAFAEL HBsAg* JHBeAG- = = - - e - e e o e - e mme s e, Asmeemse st e eemeae e Acv o meecsenonna
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VALENTE Haahgs I HBaAg- e e et e e P Acstonseenmnnnnn
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Figure 20 Nucleotide and deduced amino acid sequence of the enhancer Il (1683-1742) of HBY DNA isolated from
19 tumorous liver tissues aligned to sequence EMBL X70185 (shown in full). Patients' HBV antigen status are given.
Substitutions that occurred together with wildiype nucleotides are underlined,

86



28

‘pauigapun Se £epiot-- v

adiiousyd uotbas 2400314 UsAIB ase uGIEA 2100310 40 adhlousyd tojpue smess usbiue AgH Sswaneas ‘s -,

adApim Y Jayiabol PaLINDoo TBLL SLOIMINSANS ‘866) 'L66L ' 8 18 "siauBlN Aq Apmis snoiasid Wolj synsal
wody peteiost YN ABH 10 (6¥8i-grLl’ JOF aui o 2ousnbas pioE ouRrLIE PIINP3P PUB SPHOBISNN LT aundly

17V “squinu souanbas “(1ing U Umoys) gLoLX TEINS sousnbes 0} padnie SOSY J0 BISS aApisod-dysgH Gl

* OGN 1o OVIRIH . oW ov  TIONTANA SIHNVHYT

-
)
X"
-
()

> OyoniH 1o OvTaN N i TOCD3IS TIEIMXYY

tagsleg
T T R I I R S SIS e e e e e e e R T R IR R A N B
legi1as
L S R O T T TR T AL S AL e > Oy00H { sOVEH N o NN HdZSOr

OONGTHN TYVS1

f
2

© Oy0gH 1 +OYRaH

e
-

SOYEQH 1 +8VTEH 141 ar OMYNSLYIH ST

> OyegH/ +DvIH =4 IV UANVORWRIGVIT SONY

.
0 k@ e
RS
“u
0 -G
.

«Dyeal 1 «SvmH st Y ONICHOR NOIOOS

.
.
.
v

anN
on
N
wRw
SO
BYIu
D0
“ e e e e o + Do BT o o ZFBHING YL YW

Y o)
adhmm
SN
FOA
2D
N

. 108)43
. ..........................-......A._..._.................w...........‘...................-............
. IR RN
u..,..‘.......................‘...._...»....................v.c......¢.......‘.. O T IR R R B S R R > OPOBH 7 «By3n 8 wr OdN OBWML
R . 1eagles
e .....:......_...._,..........,.......,.......,................................... e *Byonhs oS TIH 9 Se  YOMROWA LULONOL
- v e . . tegias
S S S I U I SISO IR S F > BwOGH, $DYTaH 2 av 3N L
P IR I AP R I R I R e I LA P T R I v e * DyoaN 1 +OVI0H ; o ELd PR-RE
e eae s e e razaul 4 s aep I
3 P I R N AT SO IR S S SR S L SN P T IR I I I SR S B » DyoiiH 1 «By¥a= 9 B3 g INVIOWH Snid
e e e 1es51433 v sUIT
See e T T . PR & P T I . - . e e s . - * DygH j B N ¥ JONCMYON SMIHLIVY
. PN 193 ety 1.,
. e e She e e P e e P N SR PR « 5. .. . . e P Ci T e e e e DRI RN o OyagH | «DYTaH B "y FNZ DSTIHN

tantodAlon
YOOYDND3D
s zerit

.
I3
LS
-

~0>
-
-
'
u -
e
V>

-
-
4 »
oq
.
L)
oo
Q-
<q

-
LY
.

U
<9
[
Ue
o<
<o
e~
va
« =
v-
ou<
au e
-
o>
o3
-
)
qan
< >
LR &
<~
ux
e
Q-
<<
-
O -
ou s
s
o< 3

2dALONIHd D/3Ud  SNLVLS HHOLLNY TIAST LW 2 SeeTN NS

.-
9>
-
U
-~
X
o<~
oL .
o
LR S
U
a -




Yroin,

38

: i - ‘pauljispun s1e sapijos|onu
adAlpim yim Jay1a00) palinoas J2u3 SUORNINSANS ‘8661 ‘2661 e j6 'sialuesy Aq Apnis shoiaasd wos; synsay adAjouayd uoyial ajovald "usaib ale uoiBes aio0aid Jo adhjousyd Jojpue sniels UsBius AgH Siuaned
“aquinu sousnbag (1IN} uj umoys) gL0.LX TEWS sauenbas of psublie sOSY Jo Bies anjeBau-ByegH 2g wos pajelos] YNG ASH 10 (6¥8L-ZkLL) 408 543 10 souanbas piSe OulE paanpap pue sfnoaoNN 2z 2inbiy

e e e e e e LLIC2EY ,c<.ﬂ.:3§&n:u<_¢...<n< INYSIHOT4 DYYSI

1egtag IR N
F R I IR R R I N T T TR T IR L T T I [T yepif +OveaH © v xS
tegseg .
R R T T T e R AE I I IR S AP R B T T T T Y edliopm Creaf +OyE 132 B
taglag
Ce e L T T S (R, o e e e et e m e e aa et et A A e, e r e e PRI el Dvegrs+Bviad "y S283
16541873 Al
ceeeae DR I T T TP PPN E e TR T T T, D I R TE T T PRE R R R .« prevom ByagH/+Byra o av st
108,99 14y IR'NY
B R e T S R T U .- W Bye) +9rea - SY 243
IR PR P 1yl
BRI I R T I P R S asemoa D TR S T T TP R T T ST S e e aan e IR N R .dhipga Oyegdj+Ovie By E4:]
1eag
..... A e T T R S I R T I R P SR pET ~ByeH/ e Byviy E{t] ot
1egiag [N 'Y
E R R I R T R S O R I T I U U, LoWe o vanaasesforoneenann . edpps ByegH Oy =zv =
1881 eg e
D T T T T I T T LI (LTI SR T T D I T L T T T S S A M et e b e e n At e e e prram “ByogH ] +0viIa oy 5TX9
1eg1rey at by
B L I R TR SR D T I I T I I D S T IR T D R R R R R S - T T T I T UV oan Bvep/+Byig [t."2 84X
{ -
1934eg LN
A e R R A T R A A A A I I R T TR I T T T T A - SO, D I I IR IR ko LyegHs e - 0 4%
t®g4ag
A e i e w e n e PRSI R R R I S B R T T T T S I T T T T S SN P D I I I > e aN ~Oyoad7 ety L ORANAION HAISOC
B T T S T D 2 I T T e T T I T T I T T TP PERE Y fr e e e s e R T R T T T O «alppm LyegHj-tvigy 2 SINTONNCHYY
l1eg t8 73 41
R I T R S T T T T S .. rre ByepH, Bvind “ oy Y IVHS NOSHHOP
regaoey -~
R T A I I B Tl T T M S T T T T T edlppe O] + 20 j+IVIBS o NS YSOWT
tegieyg LIS h
R I A R T I B T T T T T T T T T S ¥ S U adiiom R0 STREY, SETYRY-V Y- R 57 WSI0W BOIVT
imgies
R S T T T T A e L R R I I T S A Y P -OueTHI 3TN [ o OyveH 73 AN ITNVISIDD
tegseg
o e e D R T T N S W B T T I T T T T TR T SR SN .- edlpwa By +3Qpmrt  +Ovriht " MG Yo
tegiag
RN e e e e e e e e B N T S T . . PPN
183y [N NN
...... e e D T T T T A S P e e . L R T T 28howm Leeis e Ovset (554 DB RIIONMIISOE
Tegtag
Yo e PRI .. B .. B e e e R - Pie v ee e *dhiomm OVOGH/ 430N OB Iy INWOROMIGA 21Ty
tegleg LRIRNE] Ty
. L IR AT cees e L R L “e . . B 2 T e R wdhppm Jveis v 1 U SOILY
seg ez L
........ . - . cleega. e e e M e e e e e e e e e e L .dliowe Dyeip4) s ooy THOML YNY
1eg e
. - L L+ - s eeeea . .. . - . L wdlioam Ovaipyf+Ovin - 8y waymsomy
. e e . PR . . IR e e - - achapm Rt W YHOLYIR YT
1egs ey
. C e e Tl L - . . C e e F . Ao Byepd) st ay IS3IAS SVYS)
1 ey
e Ao L .. C e e S e e i . . R L I I B oo Oyegs e LW OHIUUNOM HIITOr
1e51 63 -
. . B T I IR IR o P P - - e e e .- PP . . on Cyas B ¥ CACHHIS VL
-
. h e e . L T e S *dhomn OveHi Oy =ty FWATMERLAIH
1eg5103 >
e . I I S T . . . o L I i Dvsgs sOviad £ ISV LY
-
..... . LS L PEPEPEN cime e o R LR schiops Byathe? 1Ovin w PHUNNHHEISOr
Tiyiesg “ifley
e e N e e PRI N [ . - - B I SR . S e e - adhippe Byriii] +3rasifeBspd 9fy OHY M L rEE
-,
-_z_->=.m._.-w..a...-.<.uu:.h.zs-zs=-<.>un~n!.<e.s-_...->o"->=.._.>._-_:u.<¢>u>.o>_u=-a.;u>...m_->-\.4=.4u.<...:.u:.u>_u=
1910000190 LYYLI30013103Y¥221LL0a0YY00LvYINYI0VYISYO0D043L00L LYY YLIY200V10L300Y00YLivLiolLli3L40DVYVYYLLIOOYLLYOYOOYDDTDD
[ ar [N3 33 [ LR Y e e [ 3] ae o zrat

AdALONIHA D13yd SNLVAINZOUNY ¢ AWYN LN3LLYd

o




68

‘DauapUn aje sapoajany
2dAipIM Ui JoUiBol PaLINeoo Jey: SUCKNISGNS ‘866l ‘Z66L /e 8 'sIawely) Ag Apms snojaad wosy siynsa; adAousyd uoiBal 8100814 "UBAIS aie uaiBal 210021d 10 adhiouayd sojpue sniels uaBiue AgH siusned ‘sjang) 1y
‘:aquinu souanbag “(Iny uj umoys) §10£X TGINT souanbes o} paubiie sjuaged 9OH 10 BIas aAysod-ByagH Gz woly pale|ost YNG ABH 10 (8Y8L-ZyLL) 408 2} Jo 3ousnbas OB GUILIE PAONPIP PUR SPIGARNN £ aInbi4

B
1esies -
R T T T T T e e e e e e s r e e e c e b et “ e e e aea dlppm +09ear s oBvtan on ot IANON SO0
Leg ey 48 L i
f e e T e R T T S TSR, D T T T T S Tr Y S D sdkoma P FTRY. S TN o . YIIWVEMHOIN
19813 thiw) )
L T S *dlom s HBIT on Ty 353IONOTOIN
1egiesg 1At R
M T R B R T S ST *hogm ~Uveon +0IGH an tH YI00WOML OVt
s231e¢3 . 1sn N
B T T T T Gl Le e v Caeeea Ce v a s FE R T prr— +ByoTH | +BVIBA sosL [ Iy IOHOIO
-
1931903 *lLlsen
L I R A T i T I ST T S T D I A T T S I on R ] wt -:—( BUMNXN CONOX
1egssg el e 1
LR I T T T T L D T T 2 T T iy ydd ~Svegif o OByvanH N Gy HIVH, YHNOSTIVS
iesa6g sttien Jut
B I T N PR R A I N I T I T D T T T T T R T - S B Y TS 2o +Bvays Ovind 18 ™ VAN VRWGHL
IEX RN 1hLetriaren sul
P, T T T T IR I T A FriTem B9 1 o DytH STy A4 OHOONHOSNHOM
te5tag . Lert Ty
S e e DICPIN PR R I R T T T T T T S S P, .- .- P L LRI o SOYPOR s DI -4 TH YNIONOWHIRILYS
tegieg (RS RN N
..... N B N . .. L T T T T B I e T LI I o pum ~Bysines cOvien 14 e PRt vl
1egtug (X sui
. J . N L freee e, e < P R L R T I pren sevain +BvigH an M v TEWWS
Jegiwg o
. . R R e c e e e e e aeaa. e e e e e e odirpam “Byorui g oBetyn oy KLY DI0KaN L42aTY
193193 Tt ew
. . . . .. N I . . e B I I I B wdlypun AOEG oDvainy it Ay T sl

,,,,, B T T T e P Y e e e e e chrppm sByedii 2 eI ns ity OWHaE Ly Y

e ma
L]

u

.......... T R T R e A T e i sdvet +Svaun 990y SEIY DN DLW Y

1eg1ey : s1iien -
. - . - PO Lo v »ocevmue o A e m e e e v e sim s 2 e . aa s R T T PN . e - *dhgpwa «Byoili) Stg et iy IV
te3iwg N LB NEE -
e e e e e « e e Lo rhoears oo F D N N B I S I P - asa . iiyons R TR G reL (133 YNVIONGN T340
1ez1e g WY
o o e e e s SLerpeees . P S P— P - e - odkiomm 2BV ] oOvIaH Y W YUY 300U
. I .
- . . @ e e a . e i e e .« v e ma %4 im s n .o PR . ] Ce e e e - sanotiou 1y3g sByeEaq s +Bvine oN sH hr g ¥}
L . 4
- .. .. L IR R I T R ) e e, B - PR » D W F e e a8 - Voped S48 96Y) SOy f olrit) aN ™ PMYHIHI QY TYS
1983 = . riiten ru oy -
- . Y Lo onee e e . . . 5 - R A S I L ddypmm *Ovetig o Bytamt an H AN WY
tega ey . , o rrfewn
., - F e e ee S ta B I T ekt pom sOvedif < Byiam ez TRlY YTYINNYRIS ShYW
1egren ! X estien g .
....... . . - R T T T e e e e R T A B At IR TN whrpwe Ayvidys oSviGl ics it} VAL VIV ANMIC
iegteg sitien e
.... . - e e 11 -

...... B T e ey e e sthrowm +OvIauy +BvIE an « BV 3HENITIS SNCHYITTY

- 2744 IdALONIHA DiFHd  SNLYLS NIOILNY suEALayY ¢ IAYN INFILY




18U} suoliniisqns ‘ge6) ‘L8661 /8 J8 'siawieny Ag Apnjs snojaald woly synsal adAousyd uoiSal alooa:

‘pauliapun ase sapijosianu adip|iaa yjim ,_wwzmms painsoe

d "uanb ase uoibal alooald jo edAjousyd Jo/pue snieys uabyue AgH SiUaned ‘laquinu souanbag

“(liny Ut umoys) 810X G ddusnbas o} paubije sjuayed DO Jo eies aAleBau-ByagH G2 Woy paleosi YNA AgH Jo (Gy8L-gv.L) 408 su} Jo asuanbas pioe oule paonpap pue 3pnosfonN 4z a.nbiy

G
4851238 1AL e g
B D T T A R O A T N R A S IR I Y R R I B B 2P B R I N LI T T T N R, .- P -DVIRH 1 +OwaaH LIH  YNIO¥OH NULHYIW
IEE-WRE 1hratiian Ty N
....... L T T T A JE N N T T T T T T T T L AR 2 ST I . Y prre.rey -OyegH [ +DysaH “8H  NAMONDOASIOSNYYA
lagiag thysy | B
D T LR R T SN NP R I L 2D R U ‘e e LM Yoy UyagH 7 +OysgH IV IHIMSIVIVE INVEOD
1eg10yg 1AL R <
R R R T R I T A T A+ S T T T T T LI 0 S R D IR RS AP OVOgH 7 +IVIGH 2UH  3INVeNYD SIONvEZ
iagteg It P! -
R i T T TR TR S N TSP U v 4 e e e e d e e Y ogecoaanccnnneanacsnsaa ki DyegH 1 +BvSGH sy INIVYIG SV
lag Al en il ~
R A T T T T R T T T Y . wepw DyIGH £ +OvsaH Y OXOJYWVY 1SNU3
1 .3 g 3Lt aR KN -
T B T T T T pere -OyagH / +bysaH T 113NVSYH SYIT3
tegies AEREE .
B T T T T N~ T T T T S RO R I A I R RS R T T, Frrr DyIgH] Tyl M AZISNVIXGY 131
IRE-RER] 1AL
L O T B T T T Y T B R L AP RN I e e e e s k4 «AD OyagH { +OvagH Y YTIOVOCH AZHI009
tass g CIRNAR N | 1y
M T A T T T A R I R A LT T IR I I UPTE ARV CwodH f +OVIaH ™ NSNONZ Y3lAYX
idsS tag Tttt onN LU -
B R NN P D A R R L I R T R N R S S A S, P I R e e e e . .. R A R Y. I R R +aAppm “OveTH | «OVIBH (<] ONIRUVI3E
1agiasg a .
R R L I R I I I R R T T T I, e e e e e P TN e e ey DWIGH £ +NIgH “tH DNYLON JVVS)
1e3 1Ay i ay 1y
. PN .. . - . . e e e e e e R R S I T i e vt v a4 e e e s e e A e e R AP L R - .. AT e 7 +DVsHH tH oDNwSYW QLE3EYY
rag aasg s sen 'Y -
e s e e e P PN, . D T Y DR e e e e e s WooLe s f e FrTrany 4IYORH 7 +DysgH “EH 313MuvI LUIBNOT
B
te5)ag 4112w M .
e e e PRSI G e e v e e e L T T T e e w e e o - . PR D N e e e, A Oveun 1 +DysaH THIY  INAVIOYIHEOLSIUND
regtayg Pt an .
. BN - . e e P e T RN e “a e . R T .. PP . . ke OveaH / sOyviH UV 1A0108 MNIMHOTT]
1353108 IR RN PR
PN e e e e N - b e e e e - D NI S N D Y e h e e . P N ] D . ey DVaEH § +8EH UH 97N 10081139
. T .. . . PPN .. . .. e e e e e e o B Ce e . . . SuADM OUHANE [ DYOHH 1 sUwSEH 1y LAYHONONE
ragseg 1AL
e .. FEP R C e I S R I . . e B B SaADM SIHAEE 1 NYALH 1 OVSHH eIV YIFANYN YOVINIOHOT
“ e . e e e e « PP .. D T T T T e . e e e e . - Py SNIHARE | OyegH s o0v0aH 1Y DUAYS OLSINNI
Fegsag AL =
...... e e i e e e e e .. D T T B T 2 - koW aGHN Iy g sDVSTH *-pD7 OINYIH
. x “ e e e o e e e e . . . ey - - e R T S N T, a e e EEEER LR R ELA-Y tnzA!:écunxu.gmx.,—( 1QHYHS YOYD
195193y I EEEY ] -
. .. e e e e e e o b e e e - - S T S e a e e e e e e e e e . L T T Frra 2agHALR f Duagl ) WDeraR ;v 130078
Y
e e e e e .. e e s e et e e e e .- . . e . e schpm CSAHINE L OySUH 7 SOYSBH 1Y YZOHICN VN
»
. e e e e e e [N . “ e e . .. . e e e el s e e e e LN . 20Apw OyagH } DVIOH viY YIOHIINNOSTAL
SIH IMANI T 135 438 ., ,% 1Y 338143 daUdW ey vADI U 149 1§01 dW (YA [CADITTATs (HO EY3AA 1D AL NaY ¥4 JYATATN 218 1y e inq(anigA (D L3
hOnkOhUh(U»(!PUDBFUPUU(UFhnhwu<<u°htuu(UU<HU(UBUBFO»DQhh(<<h<u°u<hu»u00(c YIIVYLIOLLLDIO0VYYLIONYLIYOVDODOYDDODGD &
L4 oy ¢E oL 0 30R¢t q6 L4 LI as L ey LA *
JSALONING 23dd SNIVI3 KIOURY v AWYN INTiLYd
-




16

"PaUEpUN 218 S2ploajonu adAlp|im yim 1341860} pelnoco 1.y} sUoRNSGNS ‘usalB aie smejs usBlue AgH Sjueyed pue saquinu
asuanbag “(lIn ul umous) gLOLX TGN cousnbas o} paubiie senssiy 1any snolown} 61 Lol pateiost YN AGH J0 (6b8L-Z¥.1) 4O 2u} Jo aousnbas ploe oujlE PaINPSD pue 3pRO3jaNN GZ asnbig

o

A I R I S IR A HYIRH 7 ~DveRH alv ANOWI

“w
[

).

‘e
e

B R I TR R R ByagH ¢ +trAgH H NP

-
©
‘-
‘e
O RB RB ey
“

s U]

R N I e T T T T T T T T U R R T I T T JE I U Oyean ¢ +tsgH ¥ TIINIONYZ SYNOHL
taga LY.}

R IR T T R - S H T TN TR B

B I Wi/ i a2 3unzwA

&

y
B T R A PPN BT E FRY ST 1) o TIVONON GAVD

gdag 1TALe

R I R TR AR I B T TR T TR B e e QLNIDVE YINSt
lagsiaey di1%an

R I I T R A T T o P DVIGH I +OvIBH ay yame

D AR AhyegH/ sihresH w OATMONIS B8

T T T T T T T T S WnOgH 1 +threa w 1NCZ QlAYT

.
.
.
N
B
.
.
N
.
‘
'
‘.
v
*
N
‘.
+
.

B R T CYeH 7 +INIAH W ZSHOSINGG OlvSSOY

tagtag TALE g
B e I A T T T T I T Y B R R Y R T R eogH 1 SIEH vy VONOGVAIS
13513y L
F . R A T T T T T T T T T T AN P SOVH oM 13V4vH OONYHHY
tagian .
R PR B R I S - IR TP ISP T TSP B T T OYERH 1 ADYIGH n VURINIA vOR
1ag EENEY]
- Cee JE O T PN e B A T .. N . R PRI . TragH 1 DK " NOLYW ORIV
1eg1asg 2ty
e e e e e e e e e e - O A T T T T S T S O, EE BvaH 1 shysgH AV IANTRIIVON tdAan.
IR E- R A
e e e e e e R TR I I F e e e e e B T T T T wgH "y QYW NI
135143 3 AL
fe e s e e . S e S T ek e e e C e e e B Oysns sty " 1ovdre N3
9 5an
L T S S e - Lo-0 ---- S e e e e e . e e e e e e e e e e e e e e SIS | g oY YRSV THONVOTY
LEX-B - sy aen 191
- - R TN § 1 B LI I I 2 T T e OysRH 1 oG o IHLIOA3S L1

-
-
LT RY
Aea
U-
o
C
U
-
e
e
»-
S
~u
- v
~u
<o
<~
[t
we
<3
X%
~a
<
e
~O
e
rz
ra
G
.
<>
S
“qs
o
Vo
<<
e
~—
20
~O >
AL
~0u
O3

3NLVLS RIDILHY v IV NItV




[45)

"PaUILIAPUR 3Je Saplioajonu sdAipiim ylim JayieBol paLINg00 1EU} SUOKRIISANS “UaAD ale sniels usBiue AgH Susned pue Jaquunu aouanbag “(Iny i umous) gLOLY
183 souanbas o} paubije sanssy sl snosowny BulpucdsaLiod 4184} PUB SNOIOWINUOU O} WOJ Patelos] VNG AGH 1o (8yaL-zy.L) dD8 8y} Jo aouanbas pioe oulLE PaONPap pue aprosjaNny gz a.nbiy

183 tog
e T A T IR T T U v e e N o
isgieg
R T R S S Tt S e e e e L OyegH/OveaH  ov X
isg iag
S S e T TSP IN w
183 reqg L raw
. L R LI R A A A S T T I N R SIS Y A T A S T T T L P L GVIEH2 OVSEH  asv IMYON NOSYHOYr
T T T N "w
iagaag LI}
AR R R R I I R R I I S I I T L T T T T T T R A N i L I DvogH/+Ovedr  oov YINY VINGLLIA
1sgaeg
A T B S i N
w
18g Jag AR Y]
B T T T S T P M T R 2 S R L Ovvgs+OvegH  ZH STVXYHX LH3ETV
»

.
o
»
e
=
-
>
"

a
-
o
-l

B L IS T U e e e % QN SUHHARE WY [OTVE HYIEYHIYE
tag teg
. . L S T Y .- L T . W w
103 teg
P . PIT PR . D N S S PR . PR Lo e e e e e e L OVeTHIOVEIH OV YTYIAONYSSINSNYYY
. PR e e e e e - - N . . .- w ™
1eg tan 331 )ap
ce . ot . - R T rrer e oot N - L A . . L SITHNG | ARGHANE 1Y INVINLYIN PYITIIM
yagaw @ 3y payw
. . PN e e e . Ly . . e . Ch e e Ly -

Lo . . e e . n B5IY
2w

.
o
PR
e e

TroT e ¢ - . L < e i3 OVOBHI BvsH GIV  NANId HOSTIN

tag ieg > erian
- e eee Ll e g [ . N PN N w

Ieg 1wy 1 sag

. . - . PN L st cm s e e N . D .. L TR HSTHARE QLY INVEND SOTNYD
ta g 1uey ey
leg 193 Iy ian

[ . .. e F e T e e v 1 E N . e 1 GvoUMIOVIEN a1V 3rvIONOR 13INVD

~a
-
C -
~Mou e

T IV AN
o

(1)
" -
e
i
Sa .o
“us
-
<
<
.
ua
U
o«
-
S0
o
L I S
Uz
<
v
-
-e
<
<«
1Py
o>
-
<
U
v
©<s
U
R

o
e
a
[

0«
S0
©i5 5.

Tru
5]
-a
o>
0
re
o)
< -
<
&g
A e
ca
<<
e
19 >
ru
U o
L
ou
< >
LI
o
<z
.
(1)
<o

L]

~a>

Cd

“a
e
-
oo
-3
L ¢
-~
-_
<.

oz
o
o3

I
oo

~O 5

~uue

"o

S
3dALINSEIL  SPIVIS MIDILNV 3 ANV LGt




Appendix B: Solutions

2% AGARQSE GEL

2g molecular grade agarose (Whitehead Scientific)

- 100ml 1x TBE running buffer

¢ Boil in microwave until all the agarose is dissolved
¢ Cool the agarose to about 55°C

e Add 3.5ulL of ethidium bromide and mix thoroughly

e Pourinto gel tray and allow to set for at least 30 minutes

0.1% AMMONIUM PERSULPHATE

0.1g ammonium persulphate (BIO-RAD)

[}

1mL best quality water
s Dissolve

v If storing, kéep in the dark at -20°C

-

40% BIS-ACRYLAMIDE STOCK

38g acrylamide (Promega)

-~ 2g bis-acrylamide {Promega)

- ~50mi hest quality water

o Stir at room temperature, until completely dissolved

o While stirring keep in the dark (by covering container with foil)
o Make-up to 100ml

e Filter sterilize

e Store at4°C



BUFFER A (SALTING-OUT PROTOCOL)

- 10mmol/L. Tris (Boehtinger Mannheim) 1.21g/L
- 100mmol/L. NaCl (Saarchem) 5.84g/L
- 10mmol/L EDTA (Boehringer Msnnheim) 3.72g/L
e Add less than 1L of water

e Allow to dissolve

¢ AdjusttopH 8

e Make-up to 1L

» Autoclave

CHLOROFORM:ISOAMYL ALCOHOL {24:1)
- 960mi chloroform (Saarchem / Labchem)
- 40mi isoamyl alcohol (Merck)

o Decant and mix in the fumehood

70% ETHANOL
- 70ml absolute ethanol (Analar)
- 30ml best quality water

» Mix thoroughly and store in dark botile

10mg/mi ETHIDIUM BEROMIDE STOCK
- 0.1g ethidium bromide (Sigma)
- 10mi best quality water

« Store at4°C



1M ETHYLENEDIAMINE TETRAACETIC ACID (EDTA) STOCK

37.22g NazEDTA.2H,0 (Boehringer Mannheim)

+ Add 80mi of water

Adjust pH 7.5 or 8 with NaOH

*

e Make-up to voiume (100mi)

Autoclave

FICOLL LOADING DYE

50g sucrose(50%) (Saarchem)

10ml EDTA, pH 7 (50mM)(Boehringer Mannheim)

Bromophenol blue (0.1%) (Merck)

10g Ficoll (10%)

Make-up to 100mi with best quality water

FIXING SOLUTION
- 15% methanol (150mi/L) (Saarchem)
- 15% acetic acid (50ml/L) (Labchem)

o Make-up to 1L with distilled water

20x GLYCEROL TOLERANT BUFFER

- 108g Tris-base (Boehringer Mannheim)

- 36g taurine (USB)

- 2g Na.EDTA.2H,0 (Boehringer Mannheim)
e Make-up to 500mi

e Filter sterilise or autoclave
95




8% GLYCEROL TOLERANT SEQUENCING GEL

- 42gurea (Promega)

- 20ml 40% bis-acrylamide stock

- 5ml 20x glycerol tolerant buffer

- 35mil best quality water

s Dissolve

« Make-up to 100mi

e Add 600pL 0.1% ammonium persulphate (BIORAD) and 25uL. TEMED
(Promega), stir

e Pour immediately before polymerization begins

1M NaCl

58.44g sodium cloride (Saarchem)

1. water

Allow to dissolve

autoclave

10% Sodium Deodecyl Sulfate (SDS)
- 10g SDS (Boeringer Mannheim)
o Make-up to 100mi with best quality water

» Do not autoclave
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SATURATED NaC! (6moill.)
- 35g NaCl (Saarchem)
¢ Make-up to 100mi with best quality water

s Do not autoclave

10x TBE

- 1089 Tris-base (Boehringer Mannheim)
- 55g boric acid (Sigma)

- 7.44g EDTA (Boehringer Mannheim)

s Make-up to 1L with water

s« Autoclave

TE BUFFER (pH 7.4)
10mmol/L Tris (pH 7.4) 1.21g/L (Boehringer Mannheim)

)

1 mmol/L EDTA (pH 6.0) 0.273g/l. (Beehringer Mannheim)
s Add 800mi of best quality water

» pH108.0

o Make-up to 1L with best quality water

o Autoclave

1M TRIS

121.1g tris (Boeringer Mannheim)

1L water

¢ Allow to dissolve

Autoclave
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Appendix C: PUBLICATION

~

High Prevalence of 17627 17644 Miitations in the Basic Core -
Promoter of Hepatitis B Virus Isolated From Black Africans With
Hepatocellular Carcinoma Compared With Asymptomatic Carriers

MARINA BAPTISTA, ANNA Kramvis, AND MicHAEL C. KEw

The purpose of this study was to identify mutations in
the basic core promoter and enhancer 1I region of the
hepatitis B virus (HBV) that might cause the HBV e antigen
{HBeAg)-negative phenotype and contribute to hepatocarci-
nogenesis in black African carriers of the virus. The basic
core promoter/enhancer Il overlaps with the X gene. HBV
DNA from serum of 47 asymptomatic carriers and 50
patients with hepatocellular carcinoma and from 28 mmor
and 10 nontumor liver tissues was amplified and sequenced
directly. That part of the enhancer II region not overlapping
the basic core promoter was completely conserved in all
samples. Missense muzations at nucleotides 1809 and 1812
in the basic core promoter were found in 80% of all
sequences and may represent wild-type sequence in South-
ern African isolates. Mucleotide and amino acid divergences
were higher in the basic core promoter of hepatocellular
carcinoma patients when compared with asymptomatic
carriers (P < .0001). This applied particularly to the paired
1762 ademine to thymine (1762T) and 1764 guanine to
adenine (1764*) missense mutations, the prevalence of
which was 66% in patients with hepatocellular carcinoma
compared with 11% in asymptomatic carriers (P < .0001).
There was no association between the presence of 17627
1764* and HBeAg negativity, although these mutations
suppressed HBeAg titers in HBeAg-positive patients. Sup-
pression of HBeAg expression as well as alteration of the
amino acid sequence of the X protein may play 2 role in
hepatocarcinogenesis. (HEPATOLOGY 1999;29:946-953.)

Black Africans wha are symptomless carriers of the hepati-
tis B virus (HBY) usually seroconvert from HBV e antigen
{HBeAg) positviry to negativity after a relatively short time.!

Abbrevianons; HBY, hepanus B virus; HBeAg, HBV ¢ antigen: BCR hasic core
promoter; mRMA, nessenger RNA PRRNA, pregenomic RNAD ASC, asymptomauc
carnier; HCC, hepatoceliular carcinomad HBsAg, HRV surlace aatigen: HBeAg, 1BV care
anugen (core proteing: PCR, palvmerase chain reaction,
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The carrier sta'e is established in the first few years of life,?
and by early adulthood between 1% and 14% only of black
carriers remain HBeAg positive compared with 40% or more
among ethnic Chinese, another population in which the virus
is endemic.!”* Why black African carriers seroconvert earlier
is not known. Nucleotide sequencing of the precore region of
HBV isolates from a number of countries has shown the 1896
stop codon mutation to be a frequent cause of the HBeAg-
negative phenotype,® with other nonsense or frame-shift
mutations accounting for a small proportion {reviewed in
Miyakawa et al.’). However, these mutations are seldom
present in black African carriers in Southern Africa®? and our
focus has shifted to the X open reading frame.

The X open reading frame encodes the X protein that has
transactivaung activity (reviewed in Koike and Takada!®) and
conuirs the basic core promoter (BCP)/enhancer II complex.
The BCP. mapping between nucleotides 1742 and 1849,
conirols the transcription of both precore messenger RNA
(mRNA), which codes for the protein that is the precursor of
the e antigen, and pregenomic RNA (pgRNA), which controls
HBV replication.!! A pair of mutations in the BCP that is
associated with a reduced level of HBzAg expression was first
described in Japanese patients!*!*: an adenine (A) to thymine
(T) transversion at position 1762 together with a guanins (G)
to A transition at 1764 in the second AT-rich region of the
BCP are often present in patients with chronic hepatitis B15-20
and fulminant hepatitis B,!*'62!23 and less often in asymptom-
atic carriers (ASCs),"” immunosuppressed patients,?* and
carriers without servlogical HBV markers.”>*¢ These two
mutations have also been reported in HBV DNA from sera!?
and tumor and liver tissue from patients with HBV-related
hepatocellular carcinoma (HCC),* although the significance
of this finding is yet to be determined.

The purpose of this study was to examine the nucleotide
sequence of the BCP and the adjacent enhancer {I region for
mutations that might result in the earjy onset of the HBeAg-
negauve phenotype in black African carriérs of HBV and 1o
investigate a possible role for these mutations in hepatocarci-
nogenesis in this population.

MATERIALS AND METHODS

Serum and Tissue Sumples. Serum samples were obtained from 111
hepautis B surface anugen (HBsAg)-posiave Southern Alfrican
hlacks: 52 were ASCs with normal serum alanine transaminase
levels. and 39 were pauents with HCC. The ASC and HCC patients
were comparable in age. The secum of 15 of the ASCs was HBeAy,
postive and that of 37 was HBeAg negatve/anti-HBe positive. OFf the
HCC panents. the serum of 25 was HBsAy positive and that of 3+
was HBsAg negative/anti-HBe positve. Serum samples were stored
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at —70°C until analyzed. Tumor and corresponding nontumor liver
tissues were obtained at necropsy or laparotomy from 10 patients
with HCC. Tumor tissue alone was obuained from a further 19
patients. Seven of the tumor/nontumor tissue pairs were obtained
from patients whose serum was HBsAg positive/HBeAg negative and
3 from those who were anti-HBs/anti-hepatitis B core (HBc) positive.
Serum in the majority of the patients (16 of 19) from whom tumor
tissue only was obtzined was HBsAg positive/ HBeAg negative, in 2
patients anti-HBs/anti-HBc positive, and in one patient anti-HBc
positive alone. The tissues were snap-frozen in liquid nitrogen and
stored at —70°C. Sera from healthy Southern African blacks without
serological markers of HBV infection served as negative controls.
Commercially available kits were used to detect HEV markers in
serum (Abbott Laboratories, Chicago, IL).

DNA Extraction From Serum. DNA was extracted from serum using
the QlAmp blood kit (Qiagen Inc., Hilden, Germany) according to
the manufacturer’s instructions, A 200 pL aliquot was incubated
with 25 pL Qiagen protease and 200 uL buffer AL at 70°C tor 10
minutes. The sample was then incubated at ¢5°C for 15 minutes.
The lysate was applied to a QlAmp spin column, cenuvifuged, and
washed three times with buffer AW. DMNA was elut:d from the
column with 50 uL best quality water.

DNA Extraction From Tissue, DNA from tumor 2ad nontumor
tissue was extracted by a modified salting out procedure.”® One
hundred milligrams of tissue was cut up and suspended in 5 mL
buffer A (16 mmoV/L Tris, 100 mmol/L NaCl, 10 mmol/L ethylenedi-
aminetetraacetic acid, pH 8), 200 mg/mL proteinase K, and 10%
sodium dodecyl sulfate. The tissue pulp was digested for 2 to 3
hours at 37°C with continuous mixing. Two milliliters of saturated
NaCl (approximately 6 mol/L) was added to the sample which was
shaken gently for 15 minutes at room temperature. The sample was
centrifuged and the supernatant transferred to a clean polypropyi-
ene tube. An equal volume of chloroform/isoamyl alcohol (24:1)
was added, and the sample was mixed gently for 15 minutes at room
temperature. The sample was then centrifuged at 3,500 rpm for 10
minutes at 8°C. The supernatant was transferred 0 a clean polypro-
pylene tube, an equal volume of chloroform was added, and the
solution: was mixed gently for 5 minutes. The sample was centri-
fuged and the supernatunt transferred to a clean plastic tube.
Jsopropanol was added gradnally until the DNA precipitated out of
solution. The precipitated DNA strands were removed with a pipet,
washed for 2 minutes in 70% ice-cold ethanol, and resuspended in
200 nL TE buffer.

Polymerase Chain Reaction. The core promoter/enhancer I region
was amplified by the polymerase chain reaction (PCR), nsing
primers mapping nucleoudes 1661 to 1921 (Table 1). PCR was
performed in 23 pL and 50 pL final reaction volumes for first and

TspLe 1. Oligonucleotide Primers Used in the Studv

Size

Primer Sequence Position”  (bp)¥

Quter primers

1622(+) 3'GAACGCCCATCAGATCCTGC3"  1622-16+41 3+
3G

1966R(—} "GTCAGAAGGCAAAAACGAGAGS' 1960-1946
{aner primers

leel( -} 3 GACTCTTGGACTCTCAGCS! 10611678 260

1Q2IR(—: 3 TTTATACGGGTCAATGTCY 1921-190¢
Sequencing pnmer

1897R ' CCAAAGCCACCCAAGGCACAG-  1897-1866

CTTGGAGGCTTS!
\bbrevianons: -, sense, ~, antsense.

“Nucleotde position of HBV adw (GenBank aceession no. V00866) where
the EcoRl deavage site 15 position 1. To achieve optimum melung tempera-
ture t Tm) we made one nuciconde Change (C — T) at postuon 14 ol paimer
tbol(+) iconaidentaily changing tt to avw sequence) and one nucleotide
change T — G) at positon 7 of primer 1921R =)

+Size of the PCR proguct in hase paurs.

BAPTISTA, KRAMVIS, AND KEW 947

sevond rounds, respectively. The reaction mixture consisted of 0.01
U pL DynaZyme LNA polymerase (Version 2.0; Finnzymes OY,
E.poo, Finland), 200 pmol/L of each of the dNTPs, 1 pmol/L of each
of the primers, and 50 mmol/L KCl, 10 mmol/L Tris HCI (pH 8.8),
1.5 mmgl/L MgCl,, and 0.1% writon-X 100. Both rounds of PCR were
performed in a progra.amable thermal cycler (Perkin Elmer, Nor-
walk, CT). The cycle profile for the-first round was 94°C for 30
seconds for denaturation, 60°C for 50 seconds for annealing, and
72°C for 50 seconds for polymerization, for 40 cycles, followed by a
final extension step of 10 minutes at 72°C. For the second round of
the nested PCR, the first round amplicon was diluted (1:100) and 5
pL of this was reamplified using the inner primers. The cycling
conditions were as stated previously except that annealing was
performed at 45°C for 30 seconds. Best quality water instead of DNA
and positive and negative controls were included in both rounds of
PCR. Sera positive for HBsAg, HBeAg, and HBV DNA by slot/blot
hybridization were used as positive controls and sera from healthy
blacks lacking all HBV markers as negative controls. To avoid cross
contamination and false-positive results, the precautions and proce-
dures suggested by Kwok and Higuchi® were strictly adhered to.
DNA extraction, PCR, and electrophoresis were performed in
physically separated venues.

Detection of Amplified Products. A 5-pL aliquot of the amplified
product was electrophoresed on a 2% agarose gel. After nested PCR,
a 260-bp band was visualized under ultraviolet light after ethidium
bromide staining.

Nucleotide Sequencing of PCR Products. PCR products were se-
quenced directly by the dideoxy termination method using the
Sequenase kit (United States Biochemical Corp., Cleveland, OH)
with modifications.*® PCR products were sequenced in forward and
reverse directions using the inner PCR primers. In a few instances
the 1897R primer was used instead of the 1921R primer (Table 1).

Statistics. x%, Fisher exact, and Student’s t tests were used to
analyze the data.

RESULTS

Specific bands of the X/preccre region of expected size
(260 bp) were detected in agarose gels after amplification by
nested PCR in all HBeAg-positive sera from 15 ASC and 25
HCC patients. A lower proportion of HBeAg-negative sera
was HBV DNA positive by nested PCR: 32 of 37 (86%) ASC
and 25 of 34 {73.5%) HCC serum samples. Twenty eight of 29
tumor tissues and all of 10 nontumor tissues were PCR
positive. ’

Sequence analysis was only possible in samples with
amplifiable X gene without deletions or insertions, HBV DNA .
amplified from both serum samples and liver tissue was
successfully sequenced in the region 1683 ro 1849 which
includes part of the enhancer 1I (1€85-1773) ard the BCF
(17+2-1849). Furthermore, this region i: translated into rie
carboxyl-terminus of the X protein 4nd the amino terninus of
the HBeAg precursor.

Enhancer II Sequences. The sequence of the enkancer 11
region not overlapping with the BCP, i.e. 1685 t5 174}, was
found to be completely conserved when aligied to sequence
=MBL X70185 (suktype adw23t). There was no differsnce
rhis region according v the HBeAg-anti-HBe status or carrier

vpe (ASC vs. HCC).

BCP Sequences. In total, 42 different nucleotide sequence
pauerns of the BCP region (1742-1849), when aligned to
EMBL X70185. were detected in HBV extracted from sera of
ASC and HCC pauents and tumor and nontumor liver
samples 1Figs. 1-3). Highlighted sequences were unique to
the serum of a parucular patient population or tissue sample.
In HBY {rom serum samples, missense mutations were found
in 40% of ASC and 80% of HCC patients (not significant).
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seventy-one percent of tumor tissues compared with +4% of
the nontumor tissues samples had missense murations (n.s.).
Table 2 compares nucleotide and amino acid sequence
divergence in BCP and precore regions of ASC and HCC

patients. Both nucleotide and amino acid sequences were

“better conserved in the precore region®® compared with the

BCP, Percent nucleotide and amino acid sequence divergence

was significantly higher in the BCP compared with the
precore region (P < .0001). In the BCP both nucleotide and
amino acid sequence divergence were significantly higher in
virus extracted from HCC patients compared with ASCs (P <
.0001).

in five patients the BCP sequences of HBY DNA were found
to be identical in both tumor and nonmumor tissues. In

TasLe 2. Sucleotide and Amino Acid Sequence Divergence in the BCP and Precore Regions of HBV Isolates From Sera of + 3¢ and HCC Patients

Basic Core Pramoter

Precore Region*

94 Nucleotide Divergence

“ Amino Acid Divergence

% Nuclegtide Divergence % Amino Acid Divergence

2 Mean £ SD Mean = 5D = Mean = SD Mean = 5D
ASC
Total +7 RPN Bt gz 30y 37 2
HBeAg positive 13 24213 n3i=3p 1 1.
HBeAg neganve 32 I8 =10 To=20 4 1.
HCC
Foat 0 40z 15%% 0.7 =207y ol 15213 RS- g
HBeAyg postie 23 +2z=20 =2 3 153213 13%20
1BeAg necatve 25 sz BA =353 ] 15=13 27 x30
AN
Cotal uwy i3z lo 118 15=13 3,
“1BeAw posinve W 33213 kS Li=i2 I
Hieas neaattve i iz R3z BN V35=13 a
“These restuits are denved frant pressaus studies (Krumvis etal., 907 108y
< Fhese resuits are stansteally different using the Stuarnts ¢ lest.
e oo companms nucleotide dvergence m BUD ot HBV ssolates trom ASC and HCC panents.
WP e Po0T companng aminn send diverzence m BCP ot HBV wolates trom AsCid HCL panents.
R Y ‘. LI
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another five, tumor 1ssues had sequences different {rom
those found in the corresponding nontumor tissues. The
majority (4/5) of the latter tumor-derived sequences had
missense mutations, whereas those derived from. the wuontu-
mor tissues had wild-type sequences (Table 3, Fig. 3).
However, there was no significant difference between nucleo-
ride and amino acid divergence in tmmor and nontumor
tissue. Both tumor and nontumor liver tissue had a nucleo-
tide divergence of 3%, whereas tumor tissue had an amino
acid divergence of 8.6% and nontumor tissue of 7%.

The BCP sequences obtained from both sera and tissues
were characterized by two very well conserved regions: 1770
to 1808 and 1813 to 1849; and twa hypervariable regions:
1753 to 1769 and 1809 to 1812. In a GenBank search
sequence m37663 (subtype adw; isolated from a Philippino®?)
was found to have the same mutations at 1809 and 1812,
These missense mutations, 1809 (G—T; alanine to serine)
and 1812 (C—T; proline to serine) may be characteristic of
Southern African HBV isolates because they were found in
80% of the sequences.

The most common changes in the first hypervariable
region 1753 to 1769 were the missense mutations at 1762
(A—T; lysine wy methionine) and 1764 (G—4; valine 1o
isoleucine). The 17627 was never found o occur in the
absence of 17643, whereas 1764* did occur alone. Table 4
compares the frequency of these single and double BCP

TasLe 3. Sequence Analysis of HBY DNA Extracted From Tumor
and Nontumor Liver Samples

Sequence Analysis

Group Status = Tumor Nontumor
A HBsAg posiuve/ Ll Missense {A19)*  Missense (A19)*
HBeAg negauve L2 Wild-type (A6)  Wild-type (A6)
B HBsAg posuives 13 Wild-type(a6)  Wild-type (A6)
HBeAg negauve L+ Missense (A19)*  Missense (A19)*
1563 Missense (H7)* Wild-type (A6)
Lo Missense (A20)t  Wild-type (A4)
L7 Missense (A15)*  Wild-type (A6)
£8  Missense (H3)* NA
L9 Missense (H1) NA
L10  Missense (A19)* NA
11 Missensc (T4)* NA
112 Wild-type (T1) NA
.13 Missense (H10)* NA
4 Missense (A24)+ WA
15 Wild-type (A1) NA
rLle  Wild-ype (AD) NA
117 Wild-vpe tal) NA
LI8  Missense (A19)" NA
£19  Missense (A24)7 NA
L20  Missense \T2)¥ NA
L21  Missense (A1V)Y Na
L22  Missense (H]) NA
. ant-HBs positive L23  Missense (AL9YY  Misserse (ALY
snn-HBe negave L34 Missense (Al Wild-noe A b
L35 Wild-type LAo) Missense (NTDY*
1.26 Wild-tvpe (A6} NA
127  Missense (AL NA
.28 \hissense (T3 NA

NOTE: Numbers (1 rarentheses refer o sequence numbers i Fig, 3.
\bbreviaton NA <sue not available.

*With 176021 1Toe

*With [ T4}

HepATOLOGY March 1999

TaBLE 4. Frequency of BCP Mutauons in HBV Isolates
From ASC and HCC Patients

Sample Patients # 17627 1764* Mutant 17644 Total
Sera
ASC +7 5 (11%)*+ 10 (21%) 15 (32%)*#
HBeAg positive 15 17%) . 1G%)  204%)
HBeAg negative 32 +(13%) 9(28%) 13 (41%)
HCC 50 33(66%)*+ 2{18%) 42 (84%)*¥
HBeAg positive 23 20 (80%) 1(8%)  22(88%)
HBeAg negative 25 13 (52%) 7(28%) 20 (80%)
Total 97 38 (39%) 19(20%) 57 (59%)
HBeAg positive 40 21 (33%) 3(8%)  24(61%)
HBeAg negauve 57 17 (30%) 16 (28%) 33 (58%)
Tissues
Tumor 28 15 {54%) 3(11%) 18 (63%)
Nonturmor 10 +(40%) 0 (0%} 4 (40%)

*These results are statistically different using the x* test.

+P < .0001 coinparing the [requency of 176271764 muant in HCC vs.
ASC. This significant difference also holds when sequences with mixed
wild-type/mutant were excluded.

FP < .0001 comparing the frequency of 176271764 and 1764 mutant in
HCC vs. ASC. This significant difference also holds when sequences with
mixed wild-type/mutant were excluded.

mutations in the different patient populations and in the
HBeAg-positive and HBeAg-negative serum samples. There
was no significant difference in the incidence of the double
17627 1764* mutant between HBeAg-negative and HBeAg-
positive patients, nor was the incidence of the double
mutation affected by the genotype as determined from
sequences of the precore region. However, when HBeAg titers
were compared in HBeAg-positive ASCs and HCC patients
with wild-type precore region, the levels were significantly
lower in patients carrying the virus with the 17627 17644
double mutants (Fig. 4), i.e., 3.0 in the mutant versus 7.8 in
the wild-type (P < .0001). This equates to a 60% reduction in
HBeAg expression. The frequency of the double 17627 17644
mutant was significantly higher in HCC patienss when
compared with ASCs (Table 4) (P < .0001). Sequence A19
was the sequence most commonly found in sera and tissue of
HCC patients (Figs. 2 and 3) and only-in 1 ASC (Fig. 1).
Moreover, sequence H3, which in addition to the 17627
1764* murtation has a mutation at position 1753, was only
found in sera and rissue of HCC patients and not in ASCs,

DISCUSSION

The economy with which HBV uses its genome is very
evident in the region sequenced in this study. The DNA
spanning nucleotides 1685 to 1849 has a dual function. First.
it contains the BCP and part of enhancer II. which are
important in the control of transcription of both precore
mRNA and pgRNA.?* Precore mRNA is translated into the
precore-core fusion protein that is post-translationally modi-
fied into soluble HBeAg, whereas pgRNA is translated into
core and polymerase proteins and is reverse transcribed into
munus-sirand DNA. Second. this region encodes the carboxyl-
terminus ot the X protein, which has transactivating func-
rions. Mutations in this region could therefore influence
HBeAg production and viral replication as well as the amino
acid sequence of the X protein.

The precore region in Southern African isolates of HBV,
studied previously in the same sera.®® showed significantly
less nucleotide and amino acid divergence than did the BCP
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Fig. +. Companson of HBeAg titers between HBeAg-positive ASC and
HCC patients with and without 17627 17644, HBeAg titers as determined by
radicimmunoassav of secum samples. A level of 1.0 corresponds to 1,000
cpm. Black and white points are for samples with and without 17627 17644,
respectivelv. The white poinc with slash is a sample with 176+% without 1762,
The serum HBeAg titers were significantly lower in paue.ts with 17627
176+ than those without (P < .0001). The difference in HBeAg titers
between HBeAg-posiive ASCs and HCC patients were also significantly
different (P < .J001). The mean and standard deviation of titers from each

group are shovm.

This was true in both ASCs and patients with HCC. More-
over, the nucleotide and amino acid divergences in the
precore region weve the same in ASCs and HCC patients,
whereas in the BCP they were significantly higher in the HCC
patients (P < .0001) (Table 2). Because the nucleotide and
amino acid substitution rates are generally similar in the X
and core regions.’s the higher nucleotide and amino acid
divergence rates in the BCP in HCC sera might indicate a
selection of virus with missense mutations in this region. In
fact, 80% of HCC-derived sequences had missense murations
compared with 40% in ASCs. There appeared to be no
differences i the sequence divergences between tumor and
nontumor uissue. However, the number of nontumor tissues
was too tew to reach any firm conclusions.

In agreement with other studies. > two highly conserved
regions were distinguished in the nucleotide sequences of the
BCP of BV isolated [rom both ASCs and HCC patients. This
is to be expected becaase these regions have been shown to be
crucial in reguliating transcription and replication. In the first
region + 1770 to 1808 [Figs. 1-3[), mutations were found in
oaly 2 of 130 sequences snd these occurred as mixed
populations with wild-type sequence. The latter must have a
compensatorv etfect, overcoming the votentially lethal effect
of the mutaron and allowing viral replication to proceed.
This reaion contains sequences corresponding to the Kunuz
Jomain ot serine protease inhibitors and has been shown to
he essential tor the (ransactivating function ot X protein.i¥*
The precore mRNA mitiation site (1703-1705) also maps
within this region.ti The second conserved region contains
the most cructal element of the BCP namely the initiation site
of pgRNA transeripuon (1821-1825).H as well as codmng for
the carhoxvi-terninal of the X protein. The overlap of this
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region with the 5' end of the precore open reading frame
containing direct repeat 1 is an 4dditional reason for the low
sequence divergence.

Mutations at positions 1809 and 1812 have previously
been reported to occur only occasionally: in a Philippino
man,3? in 1 out of 29 HBV strains from. 14 different coun-
tries,’” and in chronic hepatitis patients after orthetopic liver
uansplantation.® In the present study these murations were
found in 80% of all sequences. This suggests that they
represent wild-type sequence in these isolates and that they
do not interfere with viral replication, although they disrupt
the Watson-Crick base pairs in the secondary structure of the
pgRNA around direct repeat 1.#! Furthermore, they might not
affect the function of the X protein, notwithstanding that they
are missense mutations converting the hydrophobic, larger
alanine and proline to the smaller and polar serine.

The missense mutations detected most often in the BCP of
Southern African isolates were the 1762 and 1764 in
tandem and 1764 alone. 17627 alone was not found (Figs.
1-3, Table 4). These mutations have rarely been reported to
occur alone in previous studies, whereas the double mutant
has been described in ASCs' and patients with chronic
hepatitis,'32 fulminant hepatitis,'*1621-23 and HCC.'7%7 The
frequency of 17644 alone was similar in ASCs and patients
with HCC, but the prevalence of 17627 1764* was signifi-
cantly higher in HCC patients (P < .0001). As ASCs in black
Africans are the individuals in whom HCC develops, the
appreciable step-up in incidence of 17627 1764* from ASCs
to patients with HCC suggests that the double mutation may
play a role in HBV-induced hepatocarcinogenesis.

In agreement with somel$472 but not other studies, 637
we did not find an association between 1762T 1764* and
HBeAg negativity (Table 4). However, when we compared
HBeAg-positive sera with the 17627 1764* mutant virus with
sera with wild-type virus, HBeAg tters were reduced by 60%
in the patients carrying the mutant virus (P < .0001} (Fig. 4),
a finding that confirms that of Takahashi et al.!” and Kurosaki
et al.!® This would indicate an HBeAg-suppressive phenotype
of the virus with the double mutation,!” an abservation
supported by transfection studies showing reduced levels of
precore mRNA and HBeAg secretion in the presence of the
mutations. > The mutational hot spots 1762 and 1764 lie
within the protein binding sequences of the BCP (Fig. 1).
Liver-specific nuclear factor CCAAT/enhancer binding pro-
tein bind to this region to activate transcription.?3** Recently,
suppressed HBeAg synthesis has been shown to result from
decreased binding of liver-enriched factor to the TA-rich
region spanning nucleotides 1738-1764.%% Although we
cannot exclude the possibility that the differences in HBeAg
titer were caused by host differences between ASCs and HCC
patients rather than differences in the virus, we consider this
to be untikelv. The one ASC patient with the double mutation
had reduced HBeAg titer (Fig. -}, and when the double
mutation was found in virus from Southern African blacks
with fulminant hepatitis, HBeAg uter was also reduced
tunpublished observation ).

In vitro studies have generated vontroversial results. in
regard 1o the etfects ol 1762 1764 on viral replication, Using
a reporter gene under a mutated promoter, Nishizono et al.*”
failed to detect a signiticant dilference in promoter activity
when comparing mudant and wild-tvpe HBV. In transfection
studies 17627 176+ suppressed precore mRNA transcription
and enhanced viral replication.**** Buckwold et al.** aunb-
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uted increased viral replication to enhanced encapsidation
and not increased pgRNA synthesis, whereas Moriyama et
al. 2% ascribed it to increased pgRNA transcription. On the
ather hand, Gunther et al.# found reduced precore mRNA
transcription only and no increased viral replication in
transfection studies using HuH?7 cells. The fact that we and
others have detected these mutants in viral isolates from sera
of ASC and HCC patieats, which have low HBY DNA titers
(based on the fact that HBYV DNA could be detected only by
usiug nested PCR)}, argues against these mutations causing
increased viral replication. Further support for this view is
provided by the finding that DNA polymerase levels were
significantly lower in patients with the double mutant virus.'8
Thus, the prevalence of the 17627 1764% mutant vitus aver
wild-type virus in HCC patients appears not to result from
increased viral replication but may be secondary to decreased
HBeAg expression. HBeAg shares epitopes with HBcAg* and
this has been postulated to induce immune tolerance against
itself or FiBcAg or both antigens.®>* In the presence of
reduced or absent serum HBeAg, HBcAg may be targeted
directly by both the cellular and humoral immune systems*¥
leading to necrosis of hepatocytes and liver damage.?3!
HBcAg elicits a significantly more vigorous antibody response
in vivo than HBeAg.® Liver damage is an important contribut-
ing factor in the development of HBV-related HCC.>* This
offers one possible mechanism by which 17627 1764* may
contribute to hepatocarcinogenesis.

17627 1764* are nonsynonymous and could affect the
structure of the X protein. This mutation converts amino
acids 130 and 131 of the overlapping X coding region from
lysine to methionine (1762, A — T, AAG — ATC) and valine
to isoleucine (1764; G — A, GTC — ATC), respectively.
Lysine is a charged amino acid, whereas methionine is
hydrophobic. and this alteration could be the reason why the
1762 mutation is rarely found alone. On the other hand,
because both valine and isoleucine are hydrophobic, the 1764
mutation on its own is better tolerated. These mutations fall
ousside the region essential for transactivation {codons 132 to
148) bur within the loop formed by the disulphide linkage
between cysteine-61 and cysteine-137.3 The amino acid
changes caused by these mutations in the presence of
serine/serine caused by changes at nucleotides 1809/1812
could therefore alter the structure of the X protein and thus
contribute to nepatocarcinogenesis.
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