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ABSTRACT

India is classified as an intermediate hepatitis B virus (HBV) endemic zone, with an
estimated 50 million HBV carriers, thereby forming the second largest pool of chronic
HBYV infection in the world. Kerala, in south-west India is the most densely populated
state of India, with a population of 33 million. There is currently a paucity of
information on the prevalence of HBV genotypes and the respective subgenotypes in
Kerala. Therefore the aim of this study was to molecularly characterise HBV isolated
from liver disease patients in Kerala, and to determine the clinical implications of
HBV genotypes and mutations on liver disease progression. Seventy HBV DNA-
positive serum samples belonging to the three disease groups: Chronic Hepatitis
(CH), cirrhosis (CR) and hepatocellular carcinoma (HCC) were used in the present
study. Analysis of 50 complete S region sequences, 57 BCP/PreC sequences and 9
representative complete HBV genome sequences was performed. Irrespective of
disease status, the predominant genotype was A (64%), with 97% belonging to
subgenotype A1, followed by genotype D (34%) and a single strain of genotype C.
All subgenotype A1 isolates clustered within the ‘Asian’ clade as a separate branch,
together with sequences from Asia, Africa and South America. A significantly higher
prevalence of subgenotype A1 was found in HCC patients, with these patients being
significantly younger than those infected with genotype D (p<0.05). Nine pre-S
deletion mutants were detected (8 subgenotype A1; 1 subgenotype D2). Although a
higher frequency of pre-S deletion mutants where found in subgenotype A1 isolates
from HCC patients, this did not reach statistical significance (p=0.4). The ps2: M1l/T
was found exclusively in subgenotype A1 isolates, and this was significantly
associated with HCC as compared to other disease groups in patients infected with

subgenotype A1(p=0.0072). The ps2: F22L was found in genotypes A and D, and

vi



was significantly associated with HCC in genotype D (p=0.0098). The G1862T was
significantly associated with subgenotype A1 (90%), and in combination with the
A1762T/G1764A double mutation, was significantly associated with HCC in
subgenotype A1 (p<0.05). Subgenotype A1 was predominant in liver disease
patients from Kerala, with a high prevalence in HCC patients. This study confirms the
association shown from previous studies, that subgenotype A1 is significantly
associated with HCC, and also showed a strong correlation between subgenotype

A1 and the development of HCC at a younger age.
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CHAPTER 1: INTRODUCTION

The hepatitis B virus (HBV) belongs to the family Hepadnaviridae. The 3.2 kb,
partially double stranded DNA virus, is an extremely important preventable human
pathogen, causing major health problems worldwide. An estimated 240 million
people have chronic hepatitis B virus infection (CHB), which causes various long
term sequelae such as cirrhosis, hepatocellular carcinoma and liver failure (WHO
2012). Annually, HBV infections account for 1 million deaths worldwide from

cirrhosis, liver failure and HCC (Lok and MacMahon 2007).

HBV prevalence varies worldwide. Based on the prevalence of HBV surface antigen
(HBsAg) carrier rates in the general population, areas are classified as high (HBsAg
> 8%), intermediate (HBsAg 2-7%) and low (HBsAg < 2%) HBV endemic zones
(Figure 1.1). The high HBV carrier rates in endemic regions are due to the high rate
of infection in infancy and early childhood, which occurs in most of these areas.
Modes of HBV transmission vary between geographic regions, and hence also
between certain genotypes. In Africa, horizontal transmission during early childhood
predominates (Kramvis and Kew, 2007), whereas a perinatal transmission occurs
predominantly in Asia. The clinical expression of HBV is somewhat dependent on the
time of acquisition during life, for example in Asia perinatal transmission results in
CHB infection in more than 90% of patients. This differs from infection during
adulthood, which can present with a clinically apparent acute hepatitis, but

progresses to chronic infection in only 10% of the cases.

Phylogenetic analysis of HBV full-length genomes has led to the classification of

HBYV into nine genotypes (A-l) (Norder et al., 1994; Kramvis et al., 2005; Stuyver et



al., 2000; Hannon et al, 2000;), defined by an intergroup divergence of the
complete HBV genome sequence of greater than 7.5 — 8% (Kramvis et al., 2005).
Based on a single isolate, a tenth genotype, genotype J, has been proposed
(Tatematsu et al., 2009). HBV has a well defined geographic distribution. In addition
to their distinct geographical distribution, the HBV genotypes have been implicated in

affecting disease progression (Kay and Zoulim, 2007).

The Indian subcontinent and southern Africa both have a high incidence of chronic
HBV infection, and both have two predominant circulating genotypes, namely
genotypes A and D (Kramvis and Kew, 2007; Datta, 2008). Despite the similarity in
the circulation of HBV genotypes, the incidence of HCC is low in India (average
annual incidence of < 3.3 HCC cases/100 000 individuals), compared to sub-
Saharan Africa (average annual incidence of < 98.9 cases/100 000 individuals)
(Hussain et al., 2007). This is further supported by the fact that there is a high
relative risk of a black African chronic HBV carrier developing HCC, with a relative
risk range between 9 and 23 (Kew, 1992). The development of HCC is multifactorial,
with both host and environmental factors contributing to its pathogenesis. An
important factor involved in hepatocarcinogenesis is chronic HBV infection. However,
the role of factors such as HBV genotypes, presence of BCP/PreC mutations, pre-S
deletions, and other nucleotide and deletion mutants in the natural history of chronic

HBYV infection and liver disease progression, remain largely unknown.
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1.1 THE HEPATITIS B VIRUS

1.1.1 HISTORY OF THE HBV

Although hepatitis had been known for centuries, it was not until the decades
following World War Il, when doctors slowly began to differentiate the various types
of acute hepatitis. FO MacCallum, a British doctor working on the yellow fever virus,
was first to hypothesize that a virus carried in human blood was the causative agent
for hepatitis. During the next decade and a half, little progress was made in isolating

the possible causative agents thought to cause the two types of hepatitis.

In 1963, Baruch Blumberg, studying serum protein polymorphisms, detected an
antigen rarely found in healthy patients’ blood, but frequently detected in
haemophiliacs and leukemia patients (Blumberg et al., 1965). This protein was
termed Australia antigen (Aa) because it was isolated from an Australian aborigine
(Blumberg et al., 1965). Although the Aa antigen had been identified, its relationship
with hepatitis was unclear. Another group, led by Alfred Prince, would eventually
confirm the link between Aa and hepatitis. Prince and co-workers, studying patients
with transfusion-associated hepatitis, identified an antigen that appeared in the blood
during the incubation period of the disease (Prince et al., 1964). This antigen was
identical to Aa, and was later shown to represent the hepatitis B surface antigen
(HBsAg) (Prince et al., 1970). These seminal studies identified the causative agent
for hepatitis B and opened up the field to investigations into HBV and its association

with liver disease.



1.1.2 CLASSIFICATION: FAMILY HEPADNAVIRIDIAE

The family Hepadnaviridae is divided into two genera, the Orthohepadnaviridae
(hepadnaviruses infecting mammals) and the Avihepadnaviridae (hepadnaviruses
infecting birds). The prototype member of the orthohepadnaviruses is HBV. Other
orthohepadnaviruses include the Woolly Monkey Hepatitis B virus (WMHBV)
infecting the Woolley Monkey (Lagothrix lagotricha) (Lanford et al, 1998),
Woodchuck Hepatitis Virus (WHYV) infecting the Woodchuck (Marmota monax)
(Summers et al., 1978), Ground Squirrel Hepatitis Virus (GSHV) infecting the Ground
Squirrel (Spermophilus beecheyi) (Marion et al., 1980) an the Arctic Squirrel
Hepatitis Virus (ASHV) infecting the Arctic Squirrel (Spermophylus parryi kennicotti)
(Testut et al., 1996). Non-human primates, including chimpanzees (Pan troglodytes),
White handed gibbons (Hylobates lar), Orangutans (Pongo Pygmaeus pygmaeus)
and Gorillas (Gorilla gorilla), are also infected with orthohepadnaviruses (Vaudin et
al., 1988; Norder et al, 1996; Warren et al., 1999; Grethe et al., 2000). Certain
orthohepadnaviruses, namely the WHV and the GSHV, are closely related to HBV

differing by only 17% (Schaefer 2007).

Avihepadnaviruses have been documented in ducks, herons, geese, storks and
cranes. Although avihepadnaviruses show little nucleic acid sequence homology with
HBV, the DHBV has been used as a model system to study hepadnavirus
replication, and WHYV infections have been used to study chronic liver disease

(Seeger and Mason, 2000).



1.1.3 STRUCTURE OF THE HBV

Persistent infection with HBV is characterized by the presence of three distinct forms
of the virus in the blood. The structure of a mature HBV virion (Dane particle)
consists of an outer viral lipoprotein envelope embedded with three related envelope
glycoprotein’s (the hepatitis B surface antigens, denoted as small (S), middle (M)
and large (L)) (Figure 1.2) (Heerman et al., 1984). Within the viral envelope is the
electron dense inner core, or nucleocapsid. The viral core protein, also known as the
core antigen (HBcAg), is a 183-amino-acid (183-aa) polypeptide composed of two
moieties, the 140-aa N-terminal domain needed for core protein dimer formation and
assembly, and the arginine rich C-terminal region needed for nucleic acid binding
(Nassal, 1992). The nucleocapsid encloses the relaxed circular-partially double
strand DNA (RC-dsDNA) of 3.2kb (Summers et al., 1975). Covalently attached to the
5’-end of the (-) strand, is the viral polymerase (Summers et al., 1975). The size of a

mature HBV virion is between 40 to 42 nm in diameter (Dane et al., 1970).



Large Hepatitis B Surface Antigen

Small Hepatitis B Surface Antigen (Glycosylated)
Middle Hepatitis B Surface Antigen (Glycosylated)

Myristate Group
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Host-Derived Heat Shock Protein
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Figure 1.2 Dane particle: The hepatitis B virion structure. The complete HBV
virion structure with a lipid bilayer embedded with small, middle and large HBV
surface proteins. Enclosed in the lipid bilayer is the nucleocapsid of core proteins,
and the partially double stranded HBV and the 5’ attached polymerase protein.
(Figure reproduced with permission from Nimisha Bhoola, ©).

HBV infected cells also produce two distinct subviral lipoprotein particles: the
spherical form, about 20nm in diameter, and the filamentous form of similar
diameter, but with varying length (Figure 1.3) (Ganem and Prince, 2004). These
subviral HBsAg particles contain only the envelope glycoproteins and the host
derived lipids. Subviral particles typically outnumber HBV virions by 1000:1 to

10 000:1 (Ganem and Prince, 2004).
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Figure 1.3 Complete HBV virion and surrounding subviral particles

1.1.4 HBV GENOME ORGANISATION

The 3.2 kb relaxed circular-doubled stranded DNA (RC-dsDNA) genome has a
complete (-) strand with the viral polymerase attached to the 5 end and an
incomplete (+) strand, about two thirds complete, with a short oligoribonucleotide at
its 5 end (Nassal and Schaller, 1993). The (-) strand encodes for the viral proteins
and is the template for the pgRNA, whereas the (+) strand is non-coding (Galibert et
al., 1979). The relaxed circular nature of the HBV genome is maintained by via base
pairing at the 5’ ends of positive and negative stands (Toillais et al., 1985). The HBV
has four partially overlapping open reading frames (ORFs) (Toillais et al., 1985). The
four open reading frames have been identified as: S, for the surface or envelope
gene; C, for the core gene; X, for the X gene; and P, for the polymerase gene

(Figure 1.4).
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Figure 1.4 Genomic organisation of the HBV genome. The four viral transcripts
(3.5-, 2.4-, 2.1-, and 0.7/0.8-kb) are shown as the four outermost circles. The four
inner arrows represent the four ORF’s; S ORF, PreC/C ORF, X ORF, Pol ORF. The
relaxed circular dsDNA genome, shown between the viral transcripts and the ORF’s
consists of the complete (-) strand and the incomplete (+) strand. (Figure reproduced
with permission from Nimisha Bhoola, ©).

1.1.5 THE HBV TRANSCRIPTION PRODUCTS

Upon infection of hepatocytes by HBV, the 3.2 kb RC-dsDNA genome is transferred
to the cell nucleus, where it is converted into a covalently closed circular DNA
(cccDNA) molecule (Tuttleman et al., 1986). This process is thought to involve both
host and viral factors (Levrero et al,, 2009), however the mechanisms and steps
required for this conversion are as yet to be fully elucidated. Nonetheless, this
process is vital to the HBV lifecycle and the formation of new mature HBV as the

cccDNA molecule serves as the template for the transcription of all viral mRNAs.



Several genomic and subgenomic RNAs are transcribed by the host cellular RNA

polymerase ll, using the cccDNA as the template (Beck and Nassal, 2007).

Four major RNA transcripts, 3.5, 2.4, 2.1, and 0.7 kb in length, are transcribed from
cccDNA. All viral mRNAs contain 5’ cap structures and are 3’ terminally poly-

adenylated at a common site (Beck and Nassal, 2007).

There are two distinct 3.5 kb transcripts the precore (pre-C) mRNA and the
pregenomic RNA (pgRNA) (Yaginuma et al., 1989). These are not only the longest
transcripts, but also the most abundant and the most important. The functions of
these two transcripts are distinct, in that the pgRNA serves as the template for
genome replication by reverse transcription and encodes for the core and
polymerase, and the pre-C mRNA encodes the precore-core protein, the precursor
of HBeAg. The 5 ends of the pre-C mRNA are heterogenous and have been
mapped to nucleotides (nts) 1785-1786 and 1791-1797 (Kramvis and Kew, 1999).
The 5" end of the pgRNA has been mapped to a single nt region, 1815 + 5 (Kramvis
and Kew, 1999). The reason for the heterogenous nature of the 5’ ends of the pre-C
MRBNA is the lack of a distinct TATA box in the BCP. Within the BCP, there are a
total of four TATA-like boxes, three of which control the transcription of the pre-C

mRNA, and the fourth controlling that of the pgRNA (Hiraga et al., 1994).

Transcription of the 2.4 kb mRNA and the group of 2.1 kb mRNAs, with
heterogenous 5’ ends, is controlled by the S1 and S2 promoters, respectively
(Moolla et al., 2002). The LHBs protein is translated from the 2.4 kb mRNA (referred

to as the pre-S1 transcript), and the MHBs and HBsAg are translated from the 2.1 kb
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MRNAs (referred to as the pre-S2 transcripts). The 0.7 kb transcript encodes for the

transactivating HBV X protein.

The presence of four major mRNA transcripts, transcribed from cccDNA, which are
translated into 7 HBV proteins, makes the 3.2 kb HBV genome an extremely
compact and efficient entity. Control of gene expression and the subsequent
translation of HBV proteins must therefore be an organized and regulated process.
Transcription, and the regulation thereof, has been extensively studied for HBV, with
various elements in the HBV genome displaying promoter and/or enhancer activity

(Seeger and Mason, 2000).

1.1.6. HBV VIRAL cis-ELEMENTS

1.1.6.1 HBV PROMOTERS

Transcription of the four mRNAs is initiated and controlled by four promoters: core
promoter (CP), large surface (S1 promoter), middle surface (S2 promoter) and X
gene promoter. The core promoter controls the transcription of the pre-C mRNA and
the pgRNA. The CP encompasses a region of at least 232 nt that includes two
functional units, the basic core promoter (BCP) and the upstream regulatory region
(URR). The BCP has been mapped to an essential sequence of 108bp (nt 1742-
1849) (Yuh et al., 1992). The URR encompasses nucleotides 1613-1742. The BCP
contains cis-elements that initiate transcription of the pre-C and pg RNAs (Yu and
Mertz, 1996). The BCP lacks a distinctive TATA box, but contains four distinct TATA-
like boxes, three of which initiate transcription of the pre-C mRNA, and the fourth
controls transcription of the pgRNA (Kramvis and Kew, 1999). The URR can be

further divided into two functional entities, the core upstream regulatory sequence

11



(CURS) and the negative regulatory element (NRE). The CURS, located immediately
5’ to the BCP has been shown to activate the BCP 200-2000 fold, in an orientation
and position dependent manner (Moolla et al., 2002). The NRE, located immediately
upstream of the CURS, can suppress core promoter activity in an orientation

independent manner (Moolla et al., 2002).

The S1 and S2 promoters initiate the transcription of the 2.4 kb and the 5
heterogenous 2.1 kb transcripts, respectively (Moolla et al., 2002). The S1 promoter,
situated 5’-to the preS1 region, is the only HBV promoter with a classical TATA-box
sequence (Siddiqui et al., 1986). The S1 promoter contains sequence elements that
positively regulate transcription of the 2.4 kb transcript. The S1 promoter is
negatively regulated by the sequences in the S2 promoter (Bulla and Siddiqui, 1989).
The S2 promoter, a distinctive TATA-less promoter, controls transcription of the 2.1
kb mRNA. The fourth HBV promoter, the X promoter, regulates transcription of the

smallest 0.7 kb mRNA.

1.1.6.2 HBV ENHANCERS

Together with transcription control by promoter elements, two enhancer elements, |
and Il, have been identified that affect HBV gene expression. Enhancer |, spanning
approximately 120 bp between the S and X ORFs, upregulates transcription of the
pgRNA, pre-C mRNA and HBx mRNA in an orientation independent manner (Moolla
et al., 2002). The enhancer Il element, located upstream of the BCP, consists of two
interacting sequences, a 23 bp box a and a 12 bp box B (Yuh et al., 1991). Enhancer

Il stimulates the two surface promoters (S1 and S2) and the X promoter from a
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downstream position (Yuh et al., 1992), as well as activating the BCP in a position

and orientation dependent manner (Yuh et al., 1991).

1.1.6.3 THE HBV ENCAPSIDATION SIGNAL: EPSILON

A vital step in the replication of HBV is the reverse transcription of pgRNA by the
HBV polymerase. However, before the initiation of reverse transcription, the pgRNA
together with polymerase must be encapsidated by the core protein to form subviral
particles. This encapsidation of pgRNA is brought about by means of a stem-loop
structure at the 5 end of the pgRNA. This stem-loop structure is known as the
encapsidation signal or epsilon (€). Epsilon (¢) consists of 70 nt (mapped to nt
position 1846-1916) (Kawamoto et al., 1994), and is located near the 5" end of both
the pre-C and pg RNAs, however only the slightly shorted pgRNA is encapsidated
and reverse transcribed (Kramvis and Kew, 1998). Nuclear magnetic resonance
(NMR) techniques have confirmed the presence of a 6 nt bulge and 3 nt apical loop
structure, within the stem loop structure of € (Flodell et al., 2002). This structure is as
a result of inverted repeat sequences present in HBV ¢ (Kramvis and Kew, 1998).
The sequence encoding € is conserved among mammalian and avian
hepadnaviruses, and between different HBV genotypes. Functions of € include,
activation of viral polymerase, encapsidation and initiation of (-) strand DNA

synthesis (Kramvis and Kew, 1998).

1.1.6.4 THE POLYADENYLATION SIGNAL
A polyadenylation signal is shared by all HBV transcripts, and is located
approximately 20 bp from the 3’ end of the negative strand (Schaller and Fisher,

1991). A unique feature of the polyadenylation signal is that it is only recognized
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after its second encounter with the transcription complex (Russnak, 1991). This
phenomenon is as a result of the presence of two regulators. The positive and
negative regulators of transcription (PET and NET, respectively), which ensure
recognition of the polyadenylation signal at the second encounter (Beckel-Mitchener

and Summers, 1997; Huang and Summers, 1994).

1.1.7 THE HBV GENE PRODUCTS

The 3.2 kb HBV genome is very compact and efficient, encoding for 7 proteins from
four ORFs: (1) the precore/core gene encoding for the HBcAg and HBeAg, (2) the
polymerase gene encoding for the Pol protein, (3) the L-, M-, and S-gene coding for

the three envelope proteins, and (4), the X gene encoding for the HBx protein.

1.1.7.1 PRECORE AND CORE GENE

The core (HBcAg) and precore (HBeAg) proteins are translated from two viral
transcripts, namely the pregenomic and precore mRNA transcripts, respectively
(Tiollais et al, 1985). The HBcAg and the HBeAg are derived from two alternative in
frame AUG initiation codons, the internal AUG encodes the HBcAg and the upstream
AUG the HBeAg (Ganem 1991). The HBcAg is a 183 aa polypeptide composed of
two domains, the 140 aa N-terminal domain and the 43 aa C-terminal region (Nassal
1992). The HBcAg, which forms the viral nucleocapsid, self-assembles into a capsid-
like structure and has a highly basic motif at its C terminus with RNA-binding activity

(Hutton et al., 1992).

Translation from the upstream AUG results in the formation of a 210 amino acid (aa),

HBeAg precursor protein, p25. The N terminal region of the precursor protein
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encodes a hydrophobic signal sequence, which directs the p25 to the endoplasmic
reticulum (ER). The precursor protein then undergoes N terminal cleavage in the ER,
followed by C terminal cleavage in the Golgi apparatus to yield a 18-kDa mature
HBeAg protein (McLachlan et al., 1987; Roossinck et al., 1986). The HBeAg is
subsequently secreted into the bloodstream or expressed on the surface of
hepatocytes. Although HBeAg is not required for assembly, infection or replication,
various studies have shown a possible role as an immunoregulatory protein that
down regulates the immune response to HBcAg (Milich et al., 1998; Chen et al.,
2004) and is required for the establishment of a chronic infection. Its crystal structure

has recently been determined (Dimattia et al., 2013).

1.1.7.2 THE POLYMERASE PROTEIN

The polymerase polypeptide is encoded by the polymerase ORF (P ORF) from an
internal initiator codon on the pgRNA (Seeger and Mason, 2000). This internal start
codon is located 600 nt down-stream of the 5’ end of the pgRNA (Kann, 2002). The
polymerase polypeptide of 95 kDa, consists of four domains, the terminal protein
(TP), spacer domain, reverse transcriptase (RT) domain and the RNase H domain
(Radziwill et al., 1990). The numbering of the polymerase protein is genotype
specific for the RT and spacer domain, and genotype independent for the RT and
RNase H domains (Stuyver et al., 2000). The TP varies in length from 177-179 aa
depending on the genotype (Stuyver et al., 2000). Functions of the TP include
covalent attachment to the negative-strand DNA during the initiation of reverse
transcription, priming and synthesis of the minus strand and packaging of pgRNA
(Weber et al., 1994; Seeger and Mason 2000). The spacer domain varies in length

from 158-169 aa depending on the genotype, and is also the domain that is very
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flexible, tolerating mutations and deletions (Radziwill et al., 1990; Kim et al., 1999).
The RT domain of 344 aa is a well conserved region of the P protein and functions in
reverse transcription and priming. The C-terminal RNase H (RH) domain of 153 aa in
length is the fourth and final domain of the P protein. The function of the RH domain
is degradation the RNA strand in the RNA-DNA during the reverse transcription

process (Beck and Nassal, 2007).

1.1.7.3 THE HBX PROTEIN

The HBx (X protein) is a 17 kDa protein translated from the X ORF (Toillais et al.,
1985). The exact function of the X protein is not known, however it has been shown
to be essential for in vivo replication and spread of the virus (Zoulim et al,, 1994).
The X protein has a transactivating function, as well as stimulation of signal
transduction and binding to various protein targets such as p53 and UV-damaged

DNA binding protein (Benn et al., 1994; Feitelson et al., 1993; Lee et al., 1995).

1.1.7.4 THE HBV SURFACE PROTEINS

Three surface proteins can be found embedded in the envelope of the mature HBV
virion. The three surface proteins include LHBs, MHBs, and SHBs/HBsAg. The 2.4
kb pre-S1 mRNA transcript encodes for the LHBs and the shorter 2.1 kb pre-S2
transcript for both the MHBs and HBsAg. The three surface proteins are
distinguished from each other by the presence of three domains: pre-S1 (108/119
aa) only in LHBs, pre-S2 (55 aa) in LHBs and MHBs, and S (226 aa) common to all
three surface proteins (Figure 1.5). The surface proteins constitute a major part of
the envelope of mature virions, as well as forming part of nucleocapsid-free subviral

particles (SVP). These SVP include spheres and filaments, of which the HBsAg is
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the major component of the spheres and the mature virion. The surface proteins can

exist either in a glycosylated or unglycosylated form (Seeger and Mason, 2000).

2.4 kb RNA
>
2.1 kb RNA
>

Figure 1.5 The three domains of the complete surface gene. The 2.4 kb mRNA
translates into the LHBs, while the shorter 2.1 kb mRNA is used for the translation of
both the MHBs and SHBs proteins.

1.1.7.4.1 THE LARGE ENVELOPE PROTEIN
The LHBs protein is transcribed from the longer 2.4 kb pre-S1 mRNA (Figure 1.6).
The LHBs is the largest surface protein, ranging from 389-400 aa residues,

depending on the length of the pre-S1 region, which varies between genotypes.

The pre-S1 domain, found only in the LHBs, is said to be the major role player in the
initial entry of the virus into susceptible hepatocytes, via an unidentified receptor
(Glebe and Urban, 2007; Xie et al., 2010). Various amino acids of the pre-S1 domain
and their post-translation modification can affect the attachment of the virion to the

hepatocyte (Glebe and Urban, 2007; Xie et al, 2010). The pre-S1 domain also
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functions as a binding site for the core protein during viral particle assembly (Seeger
and Masson, 2000). This binding property of the LHBs is dependent on localisation
inside the virion (Kann, 2002). The LHBs can also be located in the endoplasmic

reticulum and hence exposed to the surface of the HBV virion (Kann, 2002).

1.1.7.4.2. THE MEDIUM ENVELOPE PROTEIN

The MHBs consists of the pre-S2 domain (55 aa) and the S region (226 aa) (Figure
1.6). The pre-S2 region is N-glycosylated with a glycan at amino acid 4 and an
additional O-glycan at position 37 (Kann, 2002). Additional acetylation of N-terminal
methionines in the pre-S2 region also occurs (Kann, 2002). The MHBs is not
required for HBV infectivity and its specific function is not known (Fernholz et al.,

1993).

1.1.7.4.3 THE SMALL ENVELOPE PROTEIN

The SHBs, also known as HBsAg protein, is composed of 226 aa (Figure 1.6). The
HBsAg is the most abundant surface protein in all three HBV particles, and is found
either in the glycosylated or unglycosylated form. 50-60 % of the SHBs is folded into

a-helices numbered I-V, by 4-5 lengths of hydrophobic amino acids (Kann, 2002).

The first helix (l) is located between aa 11-29, crosses the ER membrane and
translocates the upstream sequence into the ER lumen (Kann, 2002). Helix Il (aa 80-
98), is inserted in the ER membrane to mediate translocation of downstream
sequences and directed to the core particle (Kann, 2002). Between these first two a

helixes, is the first polar hydrophilic domain, comprising aa residues 30-79.
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Downstream of helix Il is helix lll, which passes through the ER. Helices IV and V

span the ER membrane (Kann, 2002).

Located between helix Il and lll, is the second hydrophilic domain. This domain
covers aa residues 99-168. Numerous cysteine residues are present in this domain.
These cysteine residues are cross-linked to each other via disulfide bonds, creating
a loop configuration, the major antigenic determinant of HBsAg, known as the ‘@’

determinant (Locarnini et al., 2003).

The ‘@’ determinant is common to all serological subtypes and is defined by a
threonine or isoleucine at position 126 of HBsAg (Kramvis et al., 2005). Amino acid
substitutions at positions 122 and 160 of HBsAg are used to distinguish between
serotypes d/y and w/r (Kramvis et al., 2005). During an infection, antibodies
produced against the ‘a’ determinant, will provide protection against other HBV
serological subtypes. This provides the basis for HBsAg as a immunogen used for

vaccines against HBV (Torresi, 2002).
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Figure 1.6 Topological models of the three HBV surface proteins. A. Small
surface protein (SHBs), B. Middle surface protein (MHBs), C. Large surface protein
(LHBs) with PreS domain localized in ER, D. LHBs with PreS domain located in
cytoplasm. The top of each figure represents the lumen of the ER/pre Golgi
compartment, and the bottom of each figure represents the hepatocyte cytosol or
interior of the virus (Kann, 2002).

Reproduced with permission of International Medical Press, © 2008.
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1.1.8 THE HBV LIFE CYCLE

Attachment of the HBV to hepatocytes is the very first step in HBV infection,
however, the mechanisms of attachment and entry, are to date still enigmatic. The
understanding of this crucial step has been hampered by the lack of feasible HBV in
vitro infection systems (Glebe and Urban, 2007). Much of what is known about these
early events has been elucidated using the duck hepatitis B virus model system.
Although HBV surface proteins mediate early steps in the virus life cycle, the precise
role for each glycoprotein in the entry of the virus remains controversial (Lu and
Block, 2012). The current understanding of HBV attachment has revealed a specific
domain within the pre-S1 region of the LHBs protein to be the major cell attachment
epitope (Paran et al., 2001). This domain has been functionally narrowed down to
the amino acids 21—47 of the pre-S1region (Lu and Block, 2012). Other studies have
also proposed a role for SHBs in the initial attachment and entry of the virus (Lu and
Block, 2012). Although these proteins and specific regions within them may be
involved in hepatocyte attachment, the receptors and/or binding partners to which
they attach, still remain unknown. Numerous binding partners have been suggested,
however only Carboxypeptidase D has been shown conclusively to play a role in the

infection of avihepadnaviruses (Tong et al, 1995).

Once attached to the hepatocyte, a series of poorly understood events follow,
possibly involving membrane fusion together with the release of the HBV virion into
the cytoplasm (Cooper et al., 2003). The viral envelope is then thought to fuse with
the endosome, resulting in the release of the nucleocapsid into the cytoplasm
(Cooper et al, 2003). The core protein nucleocapsid disassembles, with the

subsequent release of RC-dsDNA (Locarnini, 2004). Upon release from the
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nucleocapsid, the RC-dsDNA of the virus is delivered to the host cell nucleus where
the RNA primer and the 5 attached viral polymerase are removed, allowing for (+)
strand completion and ligation. This (+) strand completion results in the formation of
a circular ds-DNA molecule, termed covalently closed circular DNA (cccDNA)
(Tuttleman et al., 1986). This episomal cccDNA serves as a nonreplicating template
for viral transcription via cellular RNA polymerase Il. Four viral RNA transcripts are
transcribed from cccDNA: 3.5-, 2.4-, 2.1-, and 0.7-kb viral RNA transcripts. These
four viral transcripts are transcribed from the enhancer ll/basal core, large surface
antigen (L), major surface antigen (S) and the enhancer I/X gene promoters,

respectively.

The viral RNA transcript most relevant for HBV replication, is the greater than
genome length (3.5 kb) pgRNA. The pgRNA functions as the mRNA for the core
protein and the polymerase protein (Nassal and Beck, 2007), as well serving as the
template for replication by reverse transcription (Summers and Mason, 1982). Viral
mMRNA transcripts are translated within the host cell cytoplasm, as this occurs; the
polymerase protein binds to the pgRNA encapsidation signal, epsilon (¢) (Nassal and
Beck, 2007). Binding of the polymerase protein is aided by two host chaperone
proteins, p23 and heat shock protein 70 (Hsp70) (Kramvis and Kew, 1998; Seeger
and Mason, 2000). This initial binding triggers the recruitment of core protein dimers,
causing the formation of pgRNA-P protein containing nucleocapsids (Nassal and
Beck, 2007). These immature nucleocapsids then undergo a process of maturation
in which pgRNA is reversed transcribed by the polymerase protein to the mature RC-

dsDNA.
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A unique feature of this reverse transcription reaction is the polymerase protein
primed initiation of minus (-) strand DNA synthesis (Gerlich and Robinson, 1980;
Wang and Seeger, 1992). The polymerase protein binds to the bulge in ¢, utilizing
this region as a template for a short DNA oligonucleotide, which, at the 5’ end
becomes attached to a tyrosine (Y) residue in the terminal protein (TP) domain of the
polymerase protein (Weber et al., 1994; Zoulim and Seeger, 1994). The template
oligonucleotide, attached to the polymerase protein, is then translocated to the 3’
DR1, where it base pairs with the complementary sequence (Wang and Seeger,
1993). This binding acts as a primer for the completion of the (-) strand synthesis. As
elongation of the (-) strand proceeds, simultaneous degradation of the pgRNA by the
polymerase RNAse H domain occurs, leaving 18 bp including the DR1 motif (Seeger
and Mason, 2000). This 18 bp sequence is subsequently translocated to the DR2
motif, to serve as the primer for (+) strand synthesis (Seeger and Mason, 2000).
Positive strand elongation continues to the 5’ end of the (-) strand. A 9 base terminal
redundancy sequence complementary to the 3 end of the (-) strand is formed,
resulting in the elongating 5’ end of the (+) strand being transferred to the 3’ end of

the (-) strand, ensuring a circularized genome (Seeger and Mason, 2000).

These mature RC-dsDNA containing nucleocapsids, can either be re-directed into
the host cell nucleus, allowing for increased cccDNA synthesis (Tuttleman et al.,
1986), or they can interact with envelope proteins in the ER, forming a mature
infectious virion, and thus completing the life cycle of the HBV. The various steps

involved in the HBV lifecycle are summarized in Figure 1.7.
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Figure 1.7 Lifecycle of the HBV. The lifecycle of the HBV begins with the
attachment of the virus to unknown receptors present of the surface of the
hepatocyte. Upon entry, the core particle with the RC-dsDNA is delivered to the
nucleus, where the RC-dsDNA is converted to cccDNA. The cccDNA serves as the
template for the four viral transcripts (3.5 kb, 2.4 kb, 2.1 kb and 0.8 kb). Viral mRNA
is exported to the cytoplasm and translated into the viral proteins. The greater than
genome length pgRNA also serves as the template for reverse transcription by the
polymerase protein. Binding of the polymerase protein to € initiates encapsidation,
with the subsequent reverse transcription of pgRNA. The nucleocapsids are then
enveloped via transport through the ER/Golgi complex and secreted via host cell
secretory pathways as mature virions. (Reproduced with permission from (Ganem
and Prince, 2004), Copyright Massachusetts Medical Society).
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1.1.9 CLINICAL SPECTRUM OF HBV INFECTION

1.1.9.1 ACUTE HBV INFECTION

Primary infection in susceptible hosts can either be asymptomatic or symptomatic,
and in adults, this is usually self-limited with viral clearance and the development of
immunity (Wright et al., 1993). If symptomatic disease occurs, clinical symptoms
usually range from non-specific symptoms such as fatigue and nausea, to more
specific symptoms of liver enlargement and right upper quadrant tenderness. The
clinical incubation period of acute hepatitis B averages 2-3 months, followed by a
prodromal period of symptoms such as fatigue, anorexia and nausea, there is also a
rapid rise in serum ALT levels and HBsAg and HBV DNA levels are present at very
high numbers (Liang, 2009). This phase is followed by a decrease in viral levels,

together with a clearance of HBsAg and undetectable levels of HBV DNA.

In approximately 1 % of patients acute liver failure occurs (Berk and Popper 1978).
The presence of fulminant hepatitis is marked by a sudden appearance of fever,

abdominal pain, vomiting, jaundice, confusion and coma (Liang 2009).

1.1.9.2 CHRONIC HEPATITIS B VIRUS INFECTION

Chronic HBV infection is defined as the presence of HBsAg in the serum for longer
than 6 months. Over 90% of patients, who develop chronic hepatitis B virus infection,
do so as a result of early perinatal transmission from infected mothers or horizontal
transmission from siblings and playmates (Shi and Shi 2009). Only 5% of adults
infected with HBV will develop chronic hepatitis B (CHB). The natural history of CHB
is a very dynamic and complex process influenced by both viral and host factors.

Four natural stages of CHB have been identified, immune tolerance stage, immune
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clearance stage, inactive HBsAg carrier stage and the reactivation stage. The stages

and the complexities associated with CHB are depicted in Figure 1.8
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acute HBV infection
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acute HBV Chronic HBV acute HBV
infection Infection infection
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Immune
tolerance
Lower risk
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Figure 1.8 Clinical phases and disease progression associated with chronic
HBYV infection. (Figure adapted from Shi and Shi, 2009).

e Immune tolerance stage

Perinatal or early childhood infections with HBV have an immune tolerance stage
characterized by HBeAg, high serum HBV DNA levels, normal ALT levels and
minimal inflammation (Takashima et al., 1992). These features are not present in
patients infected in adulthood (Shi and Shi, 2009). Patients in the immune tolerance
phase are said to be at a low risk of progression to cirrhosis or hepatocellular

carcinoma (HCC) (Shi and Shi 2009).
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e Immune clearance stage

This phase occurs as a result of maturation of the immune response. Patients with
perinatally acquired infection, usually present with this stage of infection in the 2™ to
3" decade of life (Shi and Shi 2009). This stage, also commonly referred to as the
‘chronic hepatitis B phase’, is associated with raised ALT levels, low levels of serum

DNA and liver necroinflammation (Neuveut et al., 2010).

e Inactive HBsAq carrier stage

This phase is characterised by loss of HBeAg and anti-HBe seroconversion, a
decline in serum HBV DNA levels, and a decrease in inflammation and fibrosis
(Hoofnagle et al., 2007). The majority of CHB patients are in this inactive carrier

stage.

e Reactivation stage

The patients who present in the HBeAg negative stage can be further divided into
the CHB inactive HBsAg carriers and the CHB patients with biochemical and
intermittent virological activity (Shi and Shi 2009). Patients who present in the latter
group account for one third of CHB patients. These patients present with periodic
stages of fluctuating ALT and HBV DNA levels and active hepatitis and fibrosis (Shi
and Shi 2009). This transition to virological activity may be due to the occurrence of
nucleotide substitutions in the BCP/precore region that decrease HBeAg expression
(Carman et al., 1989). These patients are associated with active liver disease and an

increased risk of cirrhosis and HCC.
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1.1.9.3 THE LONG TERM SEQUELAE OF CHB INFECTION

An estimated one-third of patients with CHB will develop long term complications of
chronic infection. These long term consequences include cirrhosis, HCC and end-
stage liver disease. Both viral and host factors are said to play a role in the outcome

of CHB infection.

1.1.9.3.1 CIRRHOSIS

Cirrhosis is said to have a twofold higher incidence in HBeAg negative CHB patients
compared to HBeAg positive CHB patients (Fattovich et al., 2008). Although the
effects of CHB on the development of cirrhosis are evident, other factors such as
age, alcohol intake, other viral infections such as HCV, also contribute to its

development.

1.1.9.3.2 HEPATOCELLULAR CARCINOMA

A majority of liver cancers are said to occur in the background of cirrhosis, however,
it has now become evident that a significant fraction of HBV-related HCCs occur in
the absence of cirrhosis (Neuveut et al., 2010). These findings suggest a more direct
role of HBV in the turmorigenesis process and the development of HCC (Neuveut et
al., 2010). It has been estimated that over 50 % of HCC cases worldwide are due to
HBV (Shi and Shi 2009). The exact mechanisms as to why there is this progression

to HCC remain unknown.

The possible effects of HBV related tumorigenesis are numerous and include
possible effects of host immune response to HBV, HBV DNA integration, high HBV

replication rates, HBV genotypic variations and the effect of certain viral mutations.
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With various reports of HBV integration into the DNA of infected hepatocytes, direct
integration was originally thought to be a major contributing factor (Brechot et al.,
1980). However, a recent study found the frequency and patterns of HBV insertions
to be similar between tumor cells and the adjacent non-tumor cells, concluding that
the majority of HBV DNA integration events were not associated with

hepatocarcinogenesis (Jiang et al., 2012).

It is well known that during the progression from CHB to HCC, various nucleotide
changes occur in the viral genome. These changes can occur anywhere in the HBV
DNA, however, particularly important changes have been noted in the pre-S region,
the carboxy-terminal region of the X gene, which overlaps the enhancer Il and BCP
region and the in the preC/core region (Liu et al., 2009). The possible influence of
different genotypes on HCC progression has also been raised; however conflicting
data has been reported (Orito et al., 2003; Ni et al., 2004). The role of different HBV

genotypes in liver disease progression is discussed further in section 1.2.

The effects of HBV on HCC development seem multifactorial and are most likely not

due to a single mechanism, but rather involve various viral factors as well as certain

host factors.
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1.2 HBV GENOTYPES

1.2.1 MOLECULAR CHARACTERISATION AND GEOGRAPHICAL
DISTRIBUTION

The term genotype, with regard to viruses, is referred to as the genomic sequence of
the virus that has stabilized for an extended period of time (Francois et al., 2001).
Nine genotypes of the HBV (A-lI) have been classified based on an intergroup
divergence of between 7.5 to 8 % in the complete genome sequence of the HBV
(Norder et al., 1994; Kramvis et al., 2008; Stuyver et al., 2000; Hannon et al., 2000;),
and a greater than 4 % divergence within the S gene (Norder et al., 1992). Based on
a single isolate, a tenth genotype, genotype J, has been proposed (Tatematsu et al.,
2009). The first four identified genotypes A-D (Okamoto et al., 1988), were followed
by the identification of four other genotypes E-H (Norder et al., 1994; Stuyver et al.,
2000; Naumann et al., 1993; Arauz-Ruiz et al., 2002). Together with the identification
of the various genotypes, subgenotypes (previously known as subgroups), based on
a 4-8% intergroup nucleotide difference across the complete genome have also
been identified (Kramvis et al., 2005). To date, subgenotypes for HBV genotypes, A,

B, C, D, F and | have been identified.

Four major HBV serological subtypes have been described; adw, adr, ayw, ayr.
These are based on amino acid variations in the surface open reading frame. The
major antigenic domain is the common ‘a’ determinant, which is defined by the
presence of a T or | at position 126. Two mutually exclusive sub-determinants at
positions 122 and 160 specify whether the subtypes are d/y and w/r (Le Bouvier
1971; Bancroft et al., 1972). These four subtypes can be further classified into ten

serological subtypes, based on further variation at residues 122, 127 and 160. The
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ten subtypes are as follows; ayw1, ayw2, ayw3, awy4, ayr, adw2, adw3, adw4, adrg+
and adrg- (Norder et al., 1992; Magnuis and Norder 1995; Arauz-Ruiz et al., 2002).
No definitive relationship between HBV genotypes and serological subtypes has

been established.

It is well established that the HBV genotypes and subgenotypes have a particular
geographical distribution (Figure 1.9). Genotype A and D have the widest
distribution. Genotype A is found predominantly in northwestern Europe, North
America, central and southern Africa, India and Brazil (Kramvis et al., 2005).
Genotype D has a more global distribution; however its high prevalence in the
Mediterranean area, India and North Africa has been noted. Genotypes B and C are
found in central and eastern Asia, genotype E in Africa, and F in Central America
(Kramvis et al., 2005). The exact distribution of genotypes G and H has not been
extensively evaluated, however sequence analysis in France, Germany and the
USA, have revealed the presence of genotypes G and H in these areas (Kramvis et
al., 2005). The recently accepted ninth genotype |, has been found in Vietham, South
East Asia and North East India (Hannoun et al., 2000; Huy et al., 2008; Arankalle et
al., 2010; Yu et al., 2010). The proposed genotype J was isolated from a patient in

Borneo (Tatematsu et al., 2009).

Genotypes A, D and E are found in Southern Africa, with genotype A being the

predominant genotype (Kew et al., 2005). This is similar to the genotype distribution

in the India subcontinent, which also have genotype A and D.
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Figure 1.9 Geographical distribution of the eight HBV genotypes (Reproduced

with permission from Prof A. Kramvis ©).

Genotypes B and C have a dominant distribution along the southeast regions of
Asia. Africa has the presence of genotypes A, D and E, with A predominantly found
in southern Africa. Genotype D has a more global distribution, with particular
clustering in the Mediterranean. Genotypes F, G and H have been found in South

and Central America (Figure adapted from Kramvis et al., 2005).

1.2.2 SUBGENOTYPE A1 OF THE HEPATITIS B VIRUS

Subgenotype A1 of HBV was the first subgenotype to be recognized, with unique
molecular characteristics that differentiate it from subgenotype A2 (Bowyer et al.,
1997; Kramvis et al., 2002, Kramvis and Paraskevis, in press). The sequence

alterations found in subgenotype A1 that differentiate it found subgenotype A2, occur
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in the S, X, precore/core and polymerase ORF’s as well as in the transcriptional
regulatory elements (Bowyer et al.,, 1997; Kramvis et al., 2002; Kimbi et al., 2004).
Increasing evidence suggests that these molecular characteristics of subgenotype
A1 account for the higher risk of developing HCC in patients infected with this

subgenotype (Baptista et al., 1999; Kew et al., 2005).

Phylogenetic analysis of the complete genomes of subgenotype A1 isolates shows
separation into two distinct clades, ‘African’ and ‘Asian’ (Kramvis and Kew 2007).
The ‘African’ clade is found to have a greater nucleotide divergence than the ‘Asian’
clade, which may imply that the ‘African’ isolates predate the ‘Asian’ isolates
(Kramvis and Kew, 2007). Subgenotype A1 is the dominant subgenotype A strain in
Africa, and is also found in the Indian subcontinent and south America (Chandra et
al., 2007; Santos et al., 2010). The high occurrence of subgenotype A1 isolates in
India and South America may be as a result of the trans-oceanic slave trade, leading
to dispersal of subgenotype A1 from Africa (Kramvis and Paraskevis, in press).
South African patients infected with subgenotype A1 had a 4.5 fold increased risk of
developing HCC compared to patients infected with non-A genotypes and also

developed cancer 6.5 years earlier (Kew et al., 2005)

1.2.3 EFFECT OF HBV ON DISEASE PROGRESSION AND CLINICAL OUTCOME
From various studies, is becoming more apparent that there is a correlation between
the HBV genotypes and the severity of liver disease (Kao et al., 2002; Sumi et al.,
2003). Most of these studies have focused on differences between genotypes B and
C, as well as differences between genotypes A and D, since these respective

genotypes often co-circulate. Findings from Asia have suggested that HBV genotype
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C infections lead to a more rapid progression to cirrhosis and hepatocellular
carcinoma (HCC) compared to genotype B infections (Ding et al., 2001; Kao et al.,
2000). However recent findings suggest, at age 45, the incidence of HCC is the

same for genotype B and C (Sumi et al., 2003).

Most studies involving the analysis and comparison between genotype A and D,
have been from Southern Africa and India, particularly with respect to subgenotype
A1 in South Africa. A study from South Africa showed a 4.5-fold increased risk for
HCC and an earlier age of cancer diagnosis in patients infected with subgenotype A1
as compared to non-A genotypes (Kew et al., 2005). Characteristics of subgenotype
A1, together with additional mutations, particularly in the BCP/PreC region may
influence disease progression and hence differences in clinical outcome between
subgenotype A1 and non-A genotypes (Baptista et al., 1999; Kramvis and Kew,

2007).
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1.3 HBV MUTANTS: DISTRIBUTION AND AFFECT ON DISEASE PROGRESSION
1.3.1 THE BASIC CORE PROMOTER

Naturally occurring mutations in the BCP tend to arise at the late HBeAg positive and
HBeAg negative phases of infection (Tong, 2007). The most common BCP mutation
is the BCP double mutant (A1762T/G1764A), which impairs production of HBeAg at

the transcriptional level (Okamoto et al., 1994).

Numerous other point mutations, including 1653T, 1753-1757, A1764T/G1766A
double mutant, 1809T and 1812T, have been found within the BCP (Kramvis and
Kew, 1999). These mutations can appear in isolation, together with the
A1762T/G1764A double mutant, or in particular patterns that may lead to more
severe liver disease and possibly HCC. Moreover, insertions, deletions and
duplications may occur in the BCP, which may negatively or positively affect
functioning of the BCP, by means of creating new transcription binding sites or

deleting or altering existing binding sites (Kramvis and Kew, 1999).

The majority of mutations in the BCP affect transcription of preC mRNA and pgRNA,
however mutations within the 1809-1812 regions, which are characteristic of
subgenotype A1, affect the expression of HBeAg at the translational level. The 1809-
1812 nucleotide sequence is situated adjacent to the precore initiation codon, 5'-
AGCACCAUGC-3’ (nt 1808-1817) (Tong et al., 1992). The presence of either double
or triple mutations at the 1809-1812 region (positions -5, -3, and -2 to the AUG start
codon) have been shown to effect the translation of HBeAg (Ahn et al., 2003). The
presence of these nucleotide changes, leading to an alteration of the Kozak

sequence, result in impaired translation of HBeAg (Ahn et al., 2003).
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1.3.2 THE PRECORE/CORE REGION

The most prevalent mutation found in the precore region, is the G1896A, creating a
premature stop codon. This nucleotide change completely abolishes HBeAg
expression (Carman et al., 1989). The presence of the G1896A mutant varies
between genotypes, and hence between different geographic regions. The G1896A
mutant is found in patients infected with HBV genotypes B, C, D and E that have a
thymine at position 1858. The presence of C1858T allows base pairing with G1896A,
which stabilizes €, causing increased pregenomic encapsidation and initiation of
DNA synthesis (Lok et al., 1994). In genotype A, in which a C occurs at position
1858, the presence of a G1896A mutation creates a ‘wobble pair’ (Fig 3) (Li et al.,
1993). This ‘wobble pair’ causes destabilization of the stem loop structure, reducing
the functional activity of € (Li et al, 1993). For this reason, the G1896A mutation in
genotype A is always accompanied by the C->T transition at 1858, allowing for
Watson-Crick base pairing and stabilization of the stem loop structure (Kramvis et

al., 1997).

The clinical significance of the G1896A mutation has not been conclusively
established, with some reports showing a significant occurrence in chronic active
hepatitis and fuliminant hepatitis, whereas others have shown a lower risk for liver
disease progression (Chan, 2010). The reason for these findings could be due to the
presence of various nucleotide changes in the BCP/PreC region having an influence
on disease progression, and not only the presence of specific mutations. Nucleotide
changes have also been found at positions 1846, 1850, 1862, 1888 and 1898. The
majority of these nucleotide changes can influence HBeAg expression, be it by

different mechanisms. The G1862T, found predominantly in subgenotype A1,
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creates a valine to phenylalanine mutation in the precore region, which has shown to
cause intracellular retention of HBeAg and hence decreased HBeAg secretion (Chen

et al.,, 2008).

1.3.3 THE HBX PROTEIN

The X gene overlaps basic core promoter (nt 1742-1802) in the concomitant reading
frame, hence nucleotide changes such as the A1762T and G1764A in the BCP
cause two missense mutations in the HBx protein, K130M and V131l (Locarnini
2004). Another common BCP nucleotide change is the T1753C, which also causes
an aa change at position 127 (1127T) within the HBx (Takahashi et al., 1999). These
mutations may be selected for during chronic infection due to immune pressure

against HBx (Takahashi et al., 1999).

1.3.4 THE POLYMERASE PROTEIN

With the introduction of nucleoside and nucleotide analogue treatment, pressure on
the virus has resulted in the presence of selective mutations in the polymerase
protein. These mutations have been mapped to certain domains within the reverse
transciptase region (Zoulim and Locarnini 2009). The most commonly reported
resistance mutations are those providing resistance to lamivudine. These mutations
have been mapped to the YMDD locus of the catalytic (C) domain of the reverse
transcriptase region (Stuyver et al,, 2000). This major catalytic site in the palm of
sub-domain of the polymerase overlaps the ‘a’ determinant of the S ORF (Torresi et
al., 2002). Lamivudine mutations in the YMDD locus include rtM2041/V, as well as
other mutations rtL180M and rtA181T/V, found outside the catalytic domain (Zoulim

and Locarnini 2009). These resistance mutations are often accompanied by other
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compensatory mutations such as rtL80V/I, rtl169T, rtV173L, rtT184S/G, rtS202| and
rtQ215S, in other domains of the polymerase protein, which increase viral replication

(Zoulim and Locarnini 2009).

Various other resistance mutations have been reported for other nucleoside and
nucleotide analogues, which can also affect treatment and influence disease
progression. These mutations may also provide cross resistance between various
analogues, which complicates treatment further. The clinical impact of these
mutations is because of the compensatory increase in viral replication and hence
viral loads, which often accompanies these mutations. This leads to increased serum

ALT levels and progression to liver disease (Lai et al., 2003).

1.3.5 THE COMPLETE SURFACE REGION

Mutants within the pre-S regions are often found in chronic HBV patients, and have
also been implicated in liver disease progression and HCC (Fan et al., 2001;
Sugauchi et al., 2003). The pre-S1 region is present only in the LHBs protein and the
pre-S2 region in both the LHBs and MHBs surface proteins. The pre-S regions
provide important interactions with the immune response due to the presence of B
and T-cell epitopes in the corresponding aa sequences (Kuroki et al., 1990; Maeng
et al., 2000). This region also contains vital elements required for viral replication,
such as the hepatocyte binding region, the CCAAT box and the S promoter sites
(Cabrerizo et al., 2002; Chen et al., 2006). A correlation between the presence of
pre-S mutations and deletions and HBV genotypes has been reported, with a higher
frequency of pre-S deletions in patients infected with genotype C, as compared to

other genotypes (Sugauchi et al., 2003).
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Because the HBsAg protein also contains the highly immunogenic ‘a’ determinant at
residues 124-147 (Carman et al., 1990), mutations in the HBsAg may influence host
immune response and also lead to vaccine escape. The most commonly described
immune/vaccine escape mutants in the ‘@ determinant region include the G145R
and Q129R amino acid substitutions (Carman et al., 1990). Other common mutations
include the K141E and T131l, and the 3 amino acid insertion between residues 123
and 124 (Seddigh-Tonekaboni et al., 2000). These changes affect the antigenic
structure of HBsAg. These vaccine escape mutants pose a major challenge in HBV
prevention. HBsAg mutations also influence diagnostic assays used to detect
HBsAg, and hence may lead to false negatives, which again poses a problem in the

treatment and control of HBV infection.
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1.4 HBV INFECTION ON THE INDIAN SUBCONTINENT

Infectious diseases are a major cause of deaths in the Indian subcontinent, of which
HBV is one of the most important aetiological agents. The WHO report on HBV
prevention in India estimates an HBsAg prevalence rate among the general
population between 0.1% and 11.7%, with most studies between 2% and 8% (WHO,
2002). This places India in the intermediate (2-8%) zone of HBV endemicity.
Together with these figures, the WHO estimated the HBV carrier rate as 50 million,

forming nearly 15% of the entire pool of HBV carriers in the world (WHO, 2002).

In India, chronic HBV infection is the most important factor responsible for the
development of HCC (Raza et al., 2007), which has prompted an interest in the role
and pathogenic mechanisms involved in HBV induced hepatocarcinogenesis in the

Indian subcontinent.

1.41 HBV GENOTYPES: DISTRIBUTION AND EFFECT ON DISEASE
PROGRESSION
The geographic location and social and cultural diversity of India, contribute to the
diversity of HBV genotypes found in the Indian subcontinent. Genotype distribution in
India varies between the north, south, east and west of the country. Although the
prevalence of different genotypes varies between these areas, it is well documented
that the predominant genotypes circulating in India are genotypes A and D (Datta
2008). Most of these studies have focused on the genotype distribution among
patients from Northern and Eastern India (Figure 1.10). Studies from northern India
have shown genotypes A and D to be prevalent, with a few cases of genotype C also

reported. Studies have found genotypes A and D to be equally prevalent, whereas
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others have shown a predominance of genotype D (Thakur et al., 2002;
Chattopahyay et al., 2006a). Eastern India also have three genotypes present, A, D
and C, which are found to be equally prevalent (Banerjee et al., 2006a; Banerjee et
al., 2006b; Sugauchi et al., 2004). Reports from Western and Southern India have
shown a predominance of genotype D (Gandhe et al.,, 2003; Vivekanandan et al.,
2004). Although reports have shown a presence of genotype D, data from western
and particularly southern India, remain limited compared to eastern and northern
India. Differences in the geographic distribution and ethnicity of the individuals on the
Indian subcontinent may influence HBV genotype prevalence among various regions

of the country.

Although genotype distribution for most of India is well characterized, subgenotype
characterisation is very limited. To date, the only comprehensive subgenotype data
are from eastern India , with subgenotypes A1, C1, D1, D2, D3 and D5 been isolated

from HBV infected patients (Banerjee et al., 2006; Chattopadhyay et al., 2006).
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Figure 1.10 HBV genotype distribution on the Indian subcontinent. Genotype
distribution varies between the four regions of the India subcontinent, with genotyped
A and D being predominant. Subgenotypes have only been determined on HBV

isolates from eastern India.

Various groups have tried to determine whether genotypes in India influence disease
severity; however results remain somewhat conflicting. A recent study from India did
not show any differences between genotypes A, D and C in terms of histological
severity, biochemical severity and phenotypic disease status (Madan et al., 2009).
This is in contrast to another study from India, which showed a higher histological
activity index in patients infected with genotype D than those with genotype A

(Thakur et al., 2002). Genotype D was also more commonly associated with HCC in
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patients younger than 40 years of age, suggesting earlier progression to HCC in
patients infected with genotype D (Thakur et al., 2002). Another study from India
showed that patients infected with genotype A had higher ALT levels and were more
often positive for HBeAg as compared to genotype D (Kumar et al., 2005). The
authors concluded that genotype A was more often associated with severe liver
disease than is genotype D. These studies show conflicting results, and again show
the difficulty in clarifying the true association between genotypes and disease

progression.

Various groups have looked at the impact of certain HBV mutations, particularly
those in the BCP/PreC region, which are known to influence disease progression
(Chauhan et al., 2006; Biswas et al., 2011). To date, very limited data is available for
the role of surface region mutations and deletions in HBV disease progression in

Indian populations.
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1.5 AIMS AND OBJECTIVES OF THE STUDY

India is classified as an intermediate HBV endemic zone, with an estimated 50
million HBV carriers, forming the second largest pool of chronic HBV infection in the
world (WHO, 2002). Genotypes A and D are the predominant genotypes in India
(Data 2008). However, these finding are mainly as a result of studies conducted in
the eastern and northern regions of the country. Limited data is available from

western and particularly southern regions of India.

Kerala, in south-west India is the most densely populated state of India, with a
population of 33 million. An HBsAg prevalence of 0.5% in the normal population has
been reported in northern Kerala, with an increased carrier rate of 1.5 % being
detected among voluntary blood donors from Trivandrum, south Kerala (Sandesh et
al., 2006; Anjal et al., 2012). There is currently a paucity of information on the
prevalence of HBV genotypes and the respective subgenotypes in Kerala, together

with limited data on the molecular characterisation of HBV isolates from Kerala.

The aim of this study was to investigate the distribution of HBV

genotypes/subgenotypes in Kerala among patients with different clinical

manifestations of HBV infection, and to molecularly characterise prevalent mutations.

The objectives of the study included:

1. PCR amplification and sequencing of the BCP/PreC region, S region, and
complete HBV genome

2. Genotyping/subgenotypying by phylogenetic analysis of complete S region
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3. Correlation of BCP/PreC mutants and S region mutants/deletions with
genotypes and disease groups

4. Bioinformatic analysis of subgenotype A1 isolates
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CHAPTER 2: MATERIALS AND METHODS

2.1 OVERVIEW OF STUDY DESIGN AND ANALYSIS

70 Serum samples
HCC (n=29); CR (n=16); CH (n=25)

HBV DNA
Extraction
BCP/Pr(?C Complete S Begion Full Length Analysis
Analysis Analysis (n=9)
(n=57) (n=50) |
| | | |
BCP/PreC PCR S Region PCR Cloning  Overlapping
nt 1653 - 1959 nt 2854 - 835 (n=4) PCR (n=5)
l l
Sequencing

Phylogenetics, Genotyping and Bioinformatics

Figure 2.1 Overview of the molecular characterisation of HBV isolates from
Kerala, India
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2.2 STUDY SAMPLES AND PATIENT ALLOCATION

Patients from Kerala, India, who presented to the Department of Gastroenterology,
and who met the criteria of being HBsAg positive for more than 6 months, were
recruited for the study. A total of 249 patients were recruited, of which 100 were

diagnosed as having CH, 100 had HCC, and 49 patients were diagnosed with CR.

The diagnosis of HBV related liver disease was based on clinical findings, laboratory
tests, liver biopsies and imaging studies. The patients were subsequently classified

into three groups:

e Group | (Hepatocellular carcinoma, HCC): serum a-fetoprotein > 400ng/mL
and the presence of a lesion > 5 cm, on ultrasound scan

e Group Il (Cirrhosis, CR): necro-inflammatory damage, fibrosis and nodule
formation confirmed by liver biopsy, and ultrasonographic evidence of portal
hypertension

e Group Il (Chronic hepatitis, CH): HBsAg-positive for > 6 months, with normal
or intermittently elevated ALT (1.5 times upper limit of normal). Patients in this
group were considered for liver biopsy on the basis of elevated ALT levels
and HBeAg negative status. Diagnosis of cirrhosis was made using

Histological Activity index (HAI) and Fibrosis scores.

Of the 249 patients, serum samples from 70 patients were used in the study. These

included 29 HCC patients, 25 CH, and 16 CR patients. Informed consent was

obtained from each patient and the study was approved by the University of the
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Witwatersrand Ethics Committee (# M090311), and the ethics committee of the

Medical College Trivandrum, India.

2.3 SERUM SAMPLE COLLECTION AND STORAGE
Patient serum was collected by Dr Deepak Gopalakrishnan at the Thiruvandrum

Medical College, Kerala. Serum aliquots of 1 ml were stored at - 80°C.

2.4 SERUM DNA EXTRACTION

HBV viral DNA was extracted from serum using the QIAmp MinElute virus kit
(Qiagen Inc., Hilden, Germany). The method supplied by the manufacturer was
used, with one modification. The final elution step was carried out in 75 pl best
quality water (BQW) instead of 200 pl. The QIAmp MinElute virus kit (Qiagen) was

used due to the lower volume of blood needed for the extraction process.

2.5 DETECTION OF BASIC CORE PROMOTER/PRECORE/CORE REGION
MUTANTS

2.5.1 POLYMERASE CHAIN REACTION OF THE BCP/PRECORE/C REGION

The region from nucleotide position 1653 to 1959 (numbering from the EcoRl site,
Genbank # AY233289), which includes the entire BCP as well part of the PreC/C
region, was amplified using a nested PCR. Published primers were used for the
reaction (Takahashi et al.,, 1995), with a single nucleotide change at position 10 of
the second round antisense primer. Primers were aligned to genotype A and D
sequences in Genbank. It was found that a single nucleotide change (G—->C) at
position ten of the inner antisense primer would be more suited to HBV genotypes A

and D. First and second round reactions were performed in a 25 pl and 50 pl total
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volumes respectively. The primers BCP1F (sense: 5'-
GCATGGAGACCACCGTGAAC-3, nt 1606 — 1625) and BCP1R (antisense: 5'-
GGAAAGAAGTCAGAGGGCAA-3, nt 1955 - 1974) were used for the first round
reaction, followed by the primers BCP2F (sense: 5-CATAAGAGGACTCTTGGACT-
3, nt 1653-1672) and BCP2R (antisense: 5-GGCAAAAAACAGAGTAACTC-3’, nt
1940 - 1959) for the second round reaction. The first round reaction mixture
consisted of 0.5 U of BIOTAQ™ DNA polymerase (Bioline, USA), 200 uM of each
deoxynucleoside triphosphate (dNTP), 1 uM of each primer, 3 mM MgCl,, 16 mM
(NH4)2S0Qy4, 67 mM Tris-HCI (pH 8.8) and 0.01% Tween-20, to which 2.5 ul of DNA
sample was added. Prior to the second round reaction, the first round amplicon was
diluted 1: 100, and 5 pl of this was then reamplified using the inner set of primers.
The second round reaction mixture contained 1U of BIOTAQ™ DNA polymerase
(Bioline, USA), 200 uM of each deoxynucleoside triphosphate (ANTP), 1 uM of each
primer, 1.5 mM MgClz, 16 mM (NH4)2SO4, 67 mM Tris-HCI (pH 8.8) and 0.01%
Tween-20, to which 5 pl of the 1:100 diluted first round amplicon was added. Both
first and second round reactions were performed on the MyCycler thermal cycler™
PCR machine (BioRad, USA), using the following cycling conditions: initial
denaturation at 94°C for 180 s, followed by 30 cycles of denaturation at 94°C for 60
s, annealing at 55°C for 60 s and elongation at 72°C for 120 s. A final elongation
step at 72°C for 7 min was included. If amplification using the above mentioned
protocol was unsuccessful, the same reaction and cycling conditions were
performed, with the dilution step between first and second round reactions being

omitted.
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In order to determine successful amplification, a 5 pl aliquot of the second PCR
product was resolved on a 2% agarose gel and visualized via ethidium bromide

staining. Successful amplification yielded a 307 bp DNA fragment.

2.5.2 SEQUENCING OF THE BCP/PRE-C/C AMPLICON

The 307 bp PCR amplicon was sequenced in both the forward and reverse direction
using the following primers: BCPS1 (sense: 5-GAG GCA TAC TTC AAA GAC TG-3/,
nt 1698-1717) and BCPS2 (antisense: 5-AGT AAC TCC ACA GTA GCT CC-3’, nt
1928-1947). Sequencing was performed by the DNA Sequencing Facility,
Stellenbosch University, South Africa, using the ABI 3130XL Genetic analyser
(Applied Biosystems, Foster City, CA). Electropherograms of the forward and
reverse sequences were then analysed and assembled using SegMan software
(Lasergene ®). A total sequence length of 247 bp from position 1698-1947 was

assembled and analysed.

2.6 COMPLETE S REGION ANALYSIS OF THE HBV GENOME

2.6.1 POLYMEARSE CHAIN REACTION OF THE COMPLETE S REGION

The region from nucleotide position 2410 to 1314 (numbering from EcoRl site,
Genbank accession # AY 233289) was amplified using a nested PCR. The final PCR
product of 2050 bp included the entire S region (nt 2854 to nt 835) and the
overlapping polymerase region. Both first and second round reactions were
performed using hot-start PCR methodology. The first round primers were as follows,
S1F (sense: TCA ATC GCC GCG TCG CAG AAG ATC TCA ATC, nt 2410 — 2439)
and S1R (antisense: TCC AGA CCG/T GCT GCG AGC AAA ACA, nt 1291 — 1314).

Second round primers included S2F (sense: AAT GTT AGT ATT CCT TGG ACT
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CAT AAG GTG GG, nt 2451 — 2482) and S2R (antisense: AGT TCC GCA GTA TGG
ATC GGC AGA GGA, nt 1254 — 1280). The first reaction mix consisted of 12.5 pl
HotStarTag Master Mix (Qiagen, Germany) with 5 U HotStarTag DNA Polymerase
(Qiagen, Germany), 1.5 mM MgCl, and 200 pM of each dNTP, 0.2 pl of each 20 uM
primer and 9.6 pl of distilled water. To this reaction mix, 2.5 pl of HBV DNA was
added for a total volume of 25 pl. Amplification was done using the Biorad MJ Mini
Thermocycler (BioRad, USA) under the following cycling conditions: initial
denaturation at 95°C for 15 minutes followed by 40 cycles of 94 °C for 1 minute,
66°C for 3 minutes and 72°C for 3 minutes. A final extension step at 72°C for 10

minutes was also included.

The second reaction mix consisted of 25 pl HotStarTaqg Master Mix (Qiagen,
Germany) with 5 U HotStarTag DNA Polymerase, 1.5 mM MgCl, and 200 uM of
each dNTP, 0.4 pl of each 20 uM primer and 19.2 ul of distilled water. To this
reaction mix, 5 ul of the first round PCR was added for a total volume of 50 pl.
Second round cycling conditions were the same as for those used in the first round
amplification, with one exception, that is the annealing temperature was changed to

68°C for the second round PCR.

Confirmation of correct PCR amplification was performed using an ethidium bromide
stained 1% agarose gel. A 5 pl aliquot of the second PCR product was run alongside
a 1000 bp marker and visualized as red-orange band under a UV transiluminator.
Successful amplification yielded a single 2050 bp fragment, which was subsequently
sequenced. If multiple bands were present on the gel, the correct 2050 bp fragment

was first gel extracted and then sequenced.
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2.6.2 GEL EXTRACTION OF THE 2 KB PCR AMPLICON

Gel extraction was performed prior to sequencing on all samples in which multiple
bands were visualized on ethidium bromide stained agarose gels. All samples with
multiple bands were again run on a 1% agarose gel. No ethidium bromide was
added to the gel. A 40 pl aliquot of the PCR reaction mixture was loaded into the gel
with 10 pl Loading Buffer containing GelRed™ nucleic acid gel stain (Biotium,
Hayward, CA, USA). The GelRed™ nucleic acid gel stain was used as this
minimized DNA denaturation, which would affect the sequencing reactions. The
bands on the agarose gel were visualized using UV luminescence, and the correct
2050 bp fragment was excised from the gel using a scalpel. The excised DNA band
was then purified using the Zymoclean Gel DNA Recovery Kit™ (Zymoresearch, CA,
USA) as per manufacturer’s instructions. After the final step, the Zymo-Spin column
was placed onto a clean 1.5 ml eppindorf tube, and to this, 10 pl of water was added
to column matrix and spun down. A 10 pl aliquot of ultra pure DNA, at a minimum

concentration of 20ng/ul was attained, and subsequently sequenced.

2.6.3 SEQUENCING OF THE COMPLETE S REGION

The correctly amplified PCR product of the S region was sequenced using a series
of three overlapping primers. All primers were in the forward direction and allowed
sufficient overlap between fragments to ensure the correct dominant population was
assembled as the complete S gene region. Sequencing primers were as follows;
2497F (TTC CTT GGA CTC ATA AGG TG, nt 2461 — 2480), 3188F (AG TCA GGA
AGG CAG CCT AC, nt 3152 — 3170) and 591F (ATT GCA CCT GTA TTC CCA TCC,
nt 591 — 611). Sequencing was performed by the DNA Sequencing Facility,

Stellenbosch University, South Africa, using the ABI 3130XL Genetic analyser
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(Applied Biosystems, Foster City, CA). Electropherograms of the individual
sequencing fragments were analysed and assembled into the 2 kb fragment using

SegMan software.

2.7 MOLECULAR ANALYSIS OF THE COMPLETE HBV GENOME

2.7.1 CLONING OF THE 3.2 KB HBV GENOME

2.7.1.1 FULL LENGTH HEPATITIS B VIRUS GENOME AMPLIFICATION

The complete 3.2 kb genome of the HBV was amplified according to the
methodology used by Gunther et al. (1995). The single round PCR was done using
the Expand High Fidelity System (Roche), with the following primers; P1 (sense: 5'-
TTT TTC ACC TCT GCC TAA TCA-3', nt 1821-1841) and P2 (antisense: 5-AAA

AAG TTG CAT GA/GT GA/CT GG-3', nt 1806-1825).

The reaction mix consisted of 2 pl of 10X Expand High Fidelity (HF) buffer with 15
mM MgClI2, 0.2 pl of 25 mM dNTP mix, 1.25 pl of each 20 uM primer P1 and P2 and
10.3 ul of distilled water, for a total volume of 15 pl. To this reaction mix, 5 pl of
extracted HBV DNA was added. A second enzyme mix of 0.5 pl of Expand HF
buffer, 0.75 pl of Expand HF enzyme and 3.75 pl of distiled water was also
prepared. The reaction mixture was preheated in the thermocycler to 94°C for 2
minutes and then cooled done to 57°C at which point 5 pl of the enzyme mix were
added. This was then followed by 40 cycles on the Biorad MJ Mini Thermocycler
(BioRad, USA), using the cycling conditions provided below (Table 2.1). PCR
amplification used a step up method of increasing the extension time. A series of 4

conditions each with 10 cycles made for a complete cycling profile of 40 cycles. An
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initial denaturation set of 94°C for 2 minutes was included prior to the cycling

conditions. Both positive and negative controls were used in all reactions

Table 2.1 Primers and PCR conditions used for amplification of 3.2 kb HBV

genome
Primers | Position® Primer sequence 5'-3' Denaturation | Annealling | Extension | Cycles
P1 1821-1841 | 5-TTT TTC ACC TCT GCC TAA TCA-3’
94°C for 40 sec 57°C for 90 68°leor 3 10
P2 1806-1825 | 5'-AAA AAG TTG CAT GA/GT GA/CT GG-3’ sec min
P1 1821-1841 | 5-TTT TTC ACC TCT GCC TAA TCA-3’
94°C for 40 sec | 27 2;;” 90 68%;‘” 5 10
P2 1806-1825 | 5'-AAA AAG TTG CAT GA/GT GA/CT GG-3’
P1 1821-1841 | 5-TTT TTC ACC TCT GCC TAA TCA-3’
94°C for 40 sec 572 for 90 68?1.“” 7 10
P2 1806-1825 | 5'-AAA AAG TTG CAT GA/GT GA/CT GG-3’ ec In
P1 1821-1841 | 5-TTT TTC ACC TCT GCC TAA TCA-3’
94°C for 40 sec 57°C for 90 68°leor9 10
P2 1806-1825 | 5'-AAA AAG TTG CAT GA/GT GA/CT GG-3’ sec min

#numbering from EcoRl site

In order to determine successful amplification, a 5 pl aliquot of the PCR product was

resolved on a 1% agarose gel and visualized via ethidium bromide staining and a UV

transilluminator. Successful amplification yielded a complete HBV genome fragment

of 3.2 kb. The size of the PCR product was estimated using a 1 kb marker that was

run alongside all PCR products.

2.7.1.2 CLONING OF THE AMPLIFIED 3.2 KB PCR FRAGMENT

To ensure that sufficient DNA was available for sequencing and for further

downstream analysis, the PCR product was cloned into the pSMART-cDNA vector

as per instructions in the cSMART-cDNA cloning kit (Lucigen Corporation,

Greenview Drive, Middleton, W1).

The 3.2 kb PCR product was first gel extracted to ensure that a single fragment free

of any contaminants was used for the cloning reaction. The gel extracted PCR
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product was processed to generate blunt phosphorylated ends using the
PCRTerminator End Repair Kit (Lucigen). The blunted ended PCR product was then
ligated into the pSMART vector using CloneSmart DNA Ligase as per the reaction
conditions set out in the manufactures protocol. Transformation of the ligated PCR
product into E. Cloni chemically competent cells (Lucigen) using heat shock
transformation methodology was then performed. The transformed E. Cloni cells
were then plated onto kanamycin enriched YT agar plates and incubated overnight
at 37°C. Individual colonies were then picked and replated onto the kanamycin

enriched YT agar plates and grown up overnight at 37°C.

Individual colonies were then inoculated into 5 ml of TB medium containing
kanamycin. The inoculated TB medium was grown up overnight at 37°C shaking at
200 rpm. This process enabled amplification of correctly inserted HBV genomes and
thus a sufficient quantity of DNA available for sequencing and downstream

processes.

To ensure that the complete HBV genome had been correctly ligated into the
pSMART vector, the plasmid DNA was extracted from the overnight TB medium and
digested with the EcoRV enzyme. Plasmid DNA was extracted using the GeneAid

High Speed Plasmid Mini Kit (GeneAid) as per manufacturer’s instructions.

Digestion of plasmid DNA was done using EcoRV restriction enzyme which yielded a
3.2 kb HBV fragment and a 1.8 kb pSMART vector fragment. The presence of these
two bands on gel electrophoresis confirmed successful cloning of the complete HBV

genome into the pSMART vector.
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Clones that were positive by restriction digestion were again plated on YT agar
enriched with kanamycin 50 mg/ml (BioBasic Inc., Markham, Ontario, Canada) and
grown up overnight at 37°C. Plates were then sent for sequencing using the

sequencing primers in table 2.2.

2.7.1.3 SEQUENCING OF THE COMPLETE 3.2 KB HBV GENOME

Sequencing of the 3.2 kb HBV genome was done using a series of HBV specific
primers as well as vector specific primers. Primers used in the sequencing reaction
are provided (Table 2.2). Sequencing was performed using by Ingaba Biotechnical
Industries Pty. Ltd., South Africa, using the ABI 3130XL Genetic analyser (Applied
Biosystems, Foster City, CA). Electropherograms for both forward and reverse

primers were assembled and analysed used SegMan software.

Table 2.2 Sequencing primers for compete 3.2 kb analysis

Primer Primer sequence 5’ — 3’ Orientation Nucleotide position
CL3 GTT GAT TGC AGT CCA GTT ACG CT - Vector specific
SR2 GGT CAG GTATGATTIT AAATGG TCAGT - Vector specific

Kram1 CTTCTGACTTCTTTCCTTC Sense 1959-1977

Kram2R CCA AGA ATATGG TGA CC Antisense 2821-2837

Kram3 GTT AGT ATT CCT TGG ACT Sense 2453-2471

Kram4R GTC CTA GGA ATC CTG ATG Antisense 168-185

Kram5 CTG GTG GCT CCAGTTC Sense 60-75

Kram6R CTG AAAGCC AAACAG T Antisense 719-734

Kram7 CAC CTG TATTCC CAT C Sense 595-610

Kram8R GAC GTA AAC AAA GGA CG Antisense 1246-1261

Kram9 CTG CCG ATC CATACT G Sense 1258-1273

Kram10R | CAATTT ATG CCT ACA GCC TC Antisense 1777-1796
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2.7.2 COMPLETE HBV GENOME ANALYSIS USING AMPLIFICATION OF TWO
SUBGENOMIC FRAGMENTS

2.7.2.1 PCR AMPLIFICATION OF THE 2 KB AND 1.6 KB SUBGENOMIC
FRAGMENTS

In order to overcome the difficulties encountered with the full length PCR (particularly
when viral loads were low), and with the cloning process, an overlapping
subgenomic fragment PCR was designed and optimized. Two HBV fragments of 2
kb and 1.7 kb, respectively, were amplified and the sequences assembled to obtain

the full length 3.2 kb HBV genome.

The first 2 kb PCR fragment, which included the complete S region as well as part of
the overlapping polymerase region was amplified and sequenced according to the
methodology described earlier under complete S gene analysis. The second 1.6 kb
fragment from nucleotide position 1096 to 2663 was amplified using a nested PCR.
This fragment ensured sufficient overlap with the ends of the 2 kb HBV fragment,
allowing for the assembly of a complete 3.2 kb HBV genome that represented the

dominant quasispecies for each sample.

Primers used for the nested PCR included: 991F (sense: 5-CA AA/CG AAT TGT
GGG TCT TTT GG-3', nt 991-1012) and 2878R (antisense: 5°-T GTT CCC AAG AAT
ATG GTG ACC-3’, nt 2821-2842) for the first round, followed by 1096F (sense: 5’-
TTC TCG CCA ACT TAC AAG GC-3’, nt 1096-1115) and 2699R (antisense: 5-AG
GAT AAA AT/CC TAG CAG GCA-3’, nt 2644-2663) for the second round. The first
reaction mix consisted of 12.5 pl HotStarTag Master Mix (Qiagen) with 5 U

HotStarTag DNA Polymerase, 1.5 mM MgCl, and 200 uM of each dNTP, 0.2 pl of
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each 20 uM primer and 9.6 pl of distilled water. To this reaction mix, 2.5 ul of HBV
DNA was added for a total volume of 25 pl. Amplification was performed using the
Biorad MJ Mini Thermocycler (BioRad, USA), programmed with the following cycling
conditions: 95°C for 15 minutes, followed by 40 cycles of 94°C for 1 minute, 61°C for
2 minutes and 72°C for 3 minutes. A final extension step of 10 minutes at 72°C was

carried out following the completion of the 40 cycles.

The second round PCR reaction mix consisted of 25 pyl HotStarTaq Master Mix
(Qiagen) with 5 U HotStarTaq DNA Polymerase, 1.5 mM MgCl, and 200 uM of each
dNTP, 0.4 pl of each 20 pM primer and 19.2 ul of distilled water. 5 pl of the first
round PCR product was then added to the reaction mix for a total reaction volume of
50 pl. The second round PCR cycling conditions were as follows: 95°C for 15
minutes, followed by 40 cycles of 94 °C for 1 minute, 58°C for 2 minutes and 72°C for
3 minutes. A final extension step of 10 minutes at 72°C was carried out following the

completion of the 40 cycles.

A 5 ul aliquot of the second PCR product was resolved on a 1 % agarose gel and
visualized via ethidium bromide staining using a UV transilluminator. The correct size
of the PCR product was determined using a 1 kb molecular marker which was run
alongside the PCR product. A final PCR amplicon of 1.6 kb confirmed a positive

result.

2.7.2.2 SEQUENCING OF THE 1.6 KB SUBGENOMIC PCR AMPLICON
The 1.6 kb PCR amplicon was sequenced using a series of three overlapping

primers. The following were used for the sequencing reaction: 1096F (sense: 5-TTC
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TCG CCA ACT TAC AAG GC-3’, nt 1096-1115), 1580F (sense: 5-TGC ACT TCG
CTT CAC CTG TG-3’, nt 1096-1115), 1580F (sense: 5-TGC ACT TCG CTT CAC
CTC TG-3, nt 1580-1659) and 2058F (sense: 5-CCT TAG AGT CTC CTG AGC AT-
3’, nt 2022-2041). All sequencing was done in the forward direction with sufficient
overlap of the fragments to enable correct assembly of the 1.6 kb HBV sequence. All
sequencing was performed by the DNA Sequencing Facility, Stellenbosch University,
South Africa, using the ABI 3130XL Genetic analyser (Applied Biosystems, Foster
City, CA). Electropherograms of the individual sequencing fragments were analysed

and assembled into the 1.6 kb fragment using SegMan software.

In order to obtain the sequence of the complete 3.2 kb HBV genome, the sequences
of the 2 kb and the 1.6 kb fragments were assembled. The sufficient overlap of the
two fragments enabled correct assembly of the two fragments when the overlapping

sequences were homologous.

2.8 BIOINFORMATICS AND PHYLOGENETIC ANALYSIS

All sequences generated, were compared with the sequences of HBV genotypes (A-
[) from Genbank. All multiple sequence alignments and nucleotide divergence
measurements were performed using ClustalW (Thompson et al., 1994). Multiple
sequence alignments were used for phylogenetic analysis. Alignments were fed into
PHYLIP (Phylogeny inference package) version 3.5¢ (Page, 1996). DNAML
(maximum likelihood) alone and DNADIST, consecutively with NEIGHBOR
(neighbour-joining) were used to generate dendograms. For bootstrapping, using

1000 data sets, SEQBOOT, DNADIST and NEIGHBOR were used. Trees were then
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constructed using CONSENSE, and subsequently visualized using TreeView Win 32

version 1.6.1 software program (Page, 1996).

2.9 STATISTICAL ANALYSIS

Data are represented as means +/- (SD) and n %. Continuous variables were
compared using an independent Student’s t test. The X? test or the Fisher’s exact test
was used to compare categorical variables. Odds ratio was calculated to assess the
risk of HCC. All p-values were two-sided, and the difference was considered
statistically significant for p<0.05. The analysis was performed using Statistical

package for Social Sciences (SPSS 15) program (SPSS Inc., Chicago, IL, USA).
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CHAPTER 3: RESULTS

A total of seventy HBV DNA-positive serum samples from liver disease patients from
Kerala, India were used to molecularly characterize HBV (Figure 3.1), by amplifying
and sequencing the BCP/PreC region and/or the complete S region. In addition, nine

complete HBV genomes were sequenced and analysed.

HCC CH CR
(n=29) (n=25) (n=16)

Y

Demographic and clinical analysis

70 HBV DNA-positive serum samples
|

Subgenomic analysis Complete genome analysis
(n=70) (n=9)

; Overlappi
BCP/PreC BCP/PreC S region Cloning Verlapping

& (n=57) (n=50) (n=4) (:EE)
Sregion
(n=37)

Figure 3.1 Overview of the study layout and representation of the results.
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3.1 DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF PATIENTS

The demographic and clinical characteristics of the patients from which HBV was

amplified and sequenced are shown in Table 3.1. The frequency of males was

significantly higher in all three disease groups and patients with HCC were

significantly older than those with CH (p<0.05). Thirty one percent of the cohort was

HBeAg-positive, with no significant difference in the frequency of HBeAg-positivity

between the three disease groups. HBeAg-positive patients, were significantly

younger than HBeAg-negative individuals (32.1+17.9 vs 39.6+11.1 years, p<0.05).

Another significant difference with respect to HBeAg-positivity was noted, that of ALT

levels being higher in HBeAg-positive compared to HBeAg-negative patients (52.3 vs

37.4 IU/L, p<0.05).

Table 3.1 Demographic and clinical characteristics of HBsAg-positive patients

with different disease profiles

Characteristic

Disease group

Demographic and clinical data

Group | (HCC) | Group Il (CR) Group lll (CH) Total

n=29 n=16 n=25 n=70

Gender (M/F) 21//8 13//3 17//8 52/18
Age(years)(Mean xSD) 48.70+10.94° 40.68+11.52 26.28+11.10 40.87+14.66
ALT, IU/L 73.50+11.65 70.50+41.09 56.32+30.01 67.45+37.74
HBeAg positiveb 7/22(32%) 3/15 (20%) 9/24 (37%) 19/61 (31%)

HCC: Hepatocellular carcinoma; CR: C

#p<0.05 vs CH

rrhosis; CH: Chronic hepatitis

® because of depletion of serum HBeAg status could only be determined for 22 HCC, 15 CR, 25 CHB

62




3.2 COMPLETE SURFACE REGION AMPLIFICATION AND SEQUENCE
ANALYSIS

The region from nucleotide position 2410 to 1314 (numbering from EcoRl site,
Genbank accession # AY 233289) was amplified using a nested PCR. This yielded a
2050 bp fragment, which included the entire S region (nt 2854 to 835). Primers were
designed to ensure best possible amplification of both genotypes A and D. For both
genotypes A and D, well conserved regions were found around positions 2410 and
1314 respectively, and this allowed for a longer fragment to be amplified. This longer
fragment, together with the 1.6 kb fragment (nt 1096 to 2663 numbering from EcoRl
site, Genbank accession # AY 233289), was subsequently also used to obtain full

length HBV sequences.

Three overlapping primers, which were designed to ensure optimum binding to both
genotypes A and D allowed the sequencing of three overlapping regions, with
sufficient overlap to allow for the detection of deletion mutants. As illustrated in
Figure 3.2, when sequenced using primer 3188F, sample INCHB170, showed the
presence of a mixed population in the chromatogram (A), and when sequenced
using the primer 591F, further upstream, a single population was present (B). The
presence of the mixed population was as a result of a 21 nucleotide pre-S2 deletion
mutant in the region sequenced by primer 3188F, nt position 35 — 55 (numbering

from the EcoRl site).
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A. CHB170 Sequenced with primer 3188F
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Figure 3.2 Two of the three primers, 3188F and 2497F, used to sequence the
complete S region.

3.3 GENOTYPING USING PHYLOGENETIC ANALYSIS OF THE COMPLETE S
REGION

The genotype and subgenotype of fifty HBV isolates were determined by
phylogenetic analysis of the complete S region sequence: 32 belonged to genotype
A (subgenotype A1:A2, 31:1) (Figure 3.3), 17 to genotype D (subgenotype
D1:D2:D3, 4:12:1) (Figure 3.4), and 1 genotype C (subgenotype C1) (Figure 3.5).
The genotype A strains belonged to serotype adw?2 (84.4%) and ayw1 (15.6%). The
genotype D strains were serotype ayw3 (58.8%), ayw2 (35.3%) and adw3 (5.9%).

The single subgenotype C1 strain was adr. The serological subtypes of the HBV are
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determined by analysis of amino acid substitutions at positions 122, 126 and 160 of
the HBsAg. The ‘a’ determinant is common to all serological subtypes and is defined
by a threonine or isoleucine at position 126 of HBsAg (Kramvis et al., 2005). Amino
acid substitutions at positions 122 and 160 of HBsAg are used to distinguish

between serotypes d/y and w/r, respectively (Kramvis et al., 2005).

The subgenotype A1 HBV isolates split into an ‘African’ and an ‘Asian’ cluster
(Kramvis and Kew, 2007; Kramvis and Paraskevis, in press). The 31 subgenotype
A1 isolates from Kerala clustered within the ‘Asian’ clade as a separate branch,
together with sequences from Japan, India and the Philippines. The 31 isolates
encoded the distinct subgenotype A1 amino acids, ps1: Q54, psi1: V74, psi1: A86,
and ps1: V91 in the pre-S1 region, and ps2: L32 in the preS2 region (Bowyer et al.,
1997; Kimbi et al., 2004). The majority of the isolates in the ‘Asian’ clade, including
the Kerala isolates had [ps1: S5, psi: S6]. The isolates in the ‘African’ clade
displayed greater variation with one of the following [ps1:S5, ps1: S6], [ps1: S5, ps1:

A6] or [ps1: 5L, psi: P6].

A number of amino acids in the pre-S1 and pre-S2 regions differentiated the Kerala
clade from the other Asian strains. The majority of the isolates from Kerala, 22/31
(71%), had ps1: V48 in the pre-S1 whereas V/I/N/T was found in the other clades
(Figure 3.3). In the pre-S2, 28/31 (90%), had ps2:T7, whereas the other Asian
strains had either ps2: T7 or ps2: A7. In contrast to the other Asian strains that had
ps2: T37, the Kerala strains had ps2:N37, as did the strains in the ‘African’ clade.
With regard to the pre-S2 region, the ps2: P54 was found in 90% of the Kerala

strains, whereas the other clades had a higher diversity at this position. To define the
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consensus sequence within the clades, a cut-off value of 60% amino acid sequence

identity was used, as per Kramvis et al., (2008).

Phylogenetic analysis of the 17 genotype D isolates is represented in Figure 3.4.
The Keralite genotype D isolates had the characteristic 33 nucleotide deletion in the
pre-S1 region. The pre-S2 signature amino acids, ps2: 142, ps2: S43, ps2: L54, were
found in the Keralite strains belonging to subgenotype D1 (Yousif and Kramuvis,
2012), which however, differed by having ps2: V39 instead of ps2: A39. With regard
to the polymerase region, overlapping the pre-S1/pre-S2/S region, it was found to be
relatively well conserved in genotype D isolates, as compared to subgenotype A1

isolates, which showed a higher diversity in this region.
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3.4. GENOTYPE DISTRIBUTION AMONG THE THREE DISEASE GROUPS

The majority of the patients were infected with genotype A (64%) (Table 3.2). A total
of 17 (34%) patients were infected with genotype D, and a single patient was
infected with genotype C (Table 3.2). In genotype A, subgenotype A1 was
predominant (95.5%), with only a single subgenotype A2 isolate. Compared to other
disease groups, HCC patients were predominantly infected with subgenotype A1
(p<0.05) (Table 3.2). HCC patients infected with subgenotype A1, were also
significantly younger (44.7+7.9 years), than HCC patients infected with genotype D
(56.1+£10.3 years) (p<0.05). This significance was also present when comparing only
HBeAg-negative HCC patients, in which it was once again found that those patients
infected with subgenotype A1 (44.118 years), were significantly younger than those
infected with genotype D (53.0+8.8 years) (p<0.05). Among the genotype D isolates,
three subgenotypes were identified, D1 (23.5%), D2 (70.6%), and D3 (5.9%), with

subgenotype D2 prevailing across all disease groups.

Table 3.2 Genotype and subgenotype distribution among the disease groups

Disease group
Group | (HCC) | Group Il (CR) | Group Il (CH) Total
n=20 n=9 n=21 n=50
Genotype A 15 (75%)? 5 (55.6%) 12 (57.1%) 32 (64%)
g8 Subgenotype A1 14 (93.3%) 5 (100%) 12 (100%) 21 (95.5%)
‘E Subgenotype A2 1 (6.7%) 0 0 1 (4.5%)
8 Genotype C 0 1(11.1%) 0 1(2%)
Genotype D 5 (25%) 3 (33.3%) 9 (42.9%) 17 (34%)
Subgenotype D1 0 1 (11.1%) 3 (33.3%) 4 (23 .5%)
Subgenotype D2 4 (75%) 2 (22.2%) 6 (66.6%) 12 (70.6%)
Subgenotype D3 1 (25%) 0 0 1(5.9%)

HCC: Hepatocellular carcinoma; CR: Cirrhosis; CH: Chronic hepatitis

? p<0.05 vs CH
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3.5 PREVALENCE AND PATTERN OF COMPLETE S REGION MUTATIONS

In the present study, eight pre-S2 deletion mutants (16%) were detected. In addition,
a single pre-S1 deletion (nucleotide position 2854-2872), which obliterated the pre-
S1 start codon, was found (Table 3.3). The mean age of the patients, with and
without pre-S deletions did not differ significantly (35.4+5 vs 37.0+15.8 years,
p=0.78). No difference between ALT levels and the presence or absence of deletions
was noted (58.2+20.8 vs 60.0£28.2, p=0.88). There was also no significant
association between the presence of pre-S deletions and the HBeAg status. A higher
frequency of pre-S deletion mutants was observed in HCC patients infected with
subgenotype A1, although this did not reach statistical significance (p=0.4). All the
pre-S2 deletions spanned the region, amino acid position 4 to 22 (nucleotide position
2-56, numbering from EcoRl) (Table 3.3 and Figure 3.6), which is a highly

immunogenic region, and harbours both B and T cell epitopes (Park et al., 2000).
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Table 3.3 Analysis of the nine pre-S deletion mutants: Clinical and Virological characteristics

Clinical Characteristics

Virologic Characteristics

Deletion
Sample # Age/Sex Clinical status Genotype HBeAg ALT Region Nucleotide position 2 size Position ° Functional implication b
CHB137 * 16/F CHB Al pos 28 pre-S1 2854-2872 (18) 6 1to6 pre-S2 initiation codon abolished
. ) B and T cell epitopes, pHSA
CHB202 33/M CHB Al neg 55 pre-S2 28-51 (24) 8 13to0 21 binding site
CHB413 * 35/M CHB A1l pos 67 pre-S2 50-55 (6) 2 21to 22 B and T cell epitopes
* ) : ] B and T cell epitopes, pHSA
HCC30 32/M HCC A1l neg pre-S2 30-53 (24) 8 13 to 21 binding site
* . . B and T cell epitopes, pHSA
HCC37 30/F HCC Al pos 72 pre-S2 24-56 (33) 11 11 to 22 binding site
) . . B and T cell epitopes, pHSA
HCC39 55/M HCC Al 63 pre-S2 24-56 (33) 11 11to0 22 binding site
HCCT3 38/M HCe A1 . - | pre-s2 2-55 (54) 18 41022 it e ] elivees, Vi
secretion, pHSA binding site
* ) : : B and T cell epitopes, pHSA
HCC29 50/F HCC Al neg pre-S2 22-54 (33) 11 11 to 22 binding site
CHB170 * 29/F CHB D2 neg 44 pre-S2 35-55 (21) 7 16 to 22 B and T cell epitopes

2 nucleotide numbering from EcoRl site
b impact of deletion on viral function or host immune response; information compiled from Chen et al., 2012
€ amino acid position
* BCP/PreC region sequenced

pHSA, polymerised serum albumin
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201 10 30 50 10

Doy I CC A TG CAGTGGAAGTCCACRACE TTCCACCAR A T TG LA G A T CCTGCTGGTGECTCCAGTTCAGGARCAGTAA?

: GGCCATGCAGTGGAATTCCACAECTTTCCACCABGCTCTGBA ITTTCCTGCTGGTGGCTCCAGTTCAGGAACACTCA
B GGCCATGCARTGGAATTCCACAACTTTCCACCARACTCTGCAAGATCCCAGRAGTCAGGGGCC TCCTGCTGETGGCTCCAGTTCAGGAACACTCA
: GGCCATBERGTGGBATTCCACAGCTTTCCACCARAO -------------------------------- TCCTGCTGETGGCTCCAGTTCAGGAACACTCA
o CGCCATGCAN TGGAATTCCACAACTTTCCACCAARCTCTGCAA G IR TGCTGGTGGCTCCAGTTCAGGAACACTCAL
: GGCCATGCAGTGGAATTCCACABCTCTCCACCBAGCTO -------------------------------- CTGCTGGTGGCTCCAGTTCAGGAACACTCAL
N GGCCATGCAGTGGAARTTCCACAACTTTC CAC CA A A C T ettt ettt CTGCTGGTGGCTCCAGTTCAGGAACACTCAL
B T 2 CCTGCTGETGGCTCCAGTTCARNAACACTCA?

Genotype D (D2) - Genotype A (A1)

Figure 3.6 Mapping of the pre-S2 deletions of the HBV isolates from Kerala,

India. Position 1 corresponds to the EcoRl cleavage site

In addition, amino acid changes in the complete surface region were analysed to
determine any correlation between the presence of mutations and liver disease
progression. Amino acid changes in the pre-S1, pre-S2 and surface antigen were
detected (shown in red in Tables 3.4 and 3.5), with the majority showing no
association with the different disease groups. However, two important amino acid
substitutions were noted, the ps2: M1l/T and the ps2: F22L. The pre-S2 start codon
mutation M1I/T, which prevents initiation of translation of the MHBs protein, was
found exclusively in subgenotype A1 isolates from HCC patients. A total of six
subgenotype A1 (20%) isolates had the start codon mutation, and this was
significantly associated with HCC as compared to other disease groups (p=0.0072)
(Table 3.4). The ps2:F22L was detected in 11/50 cases (22%), with an equal
distribution in genotypes A and D. In genotype D isolates, ps2: F22L occurred at a
higher frequency in HCC patients compared to genotype D, non-HCC patients
(p<0.05) (Table 3.5). Although the F22L also occurred at a higher frequency in
genotype A from HCC patients compared to non-HCC patients, this did not reach

statistical significance (p=0.6).
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The HBsAg region remained the most well conserved region, with very few amino
acid substitutions occurring, particularly in subgenotype A1 isolates. The amino acid
substitutions in the pre-S region were mainly variations, which differentiated between
subgenotypes and in some cases, differentiated between clades within
subgenotypes, such as the ‘African’ and ‘Asian’ clades of subgenotype A1 (Figure

3.3).
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Table 3.4 Amino acid changes in the complete S region of genotype A HBYV isolates and the single genotype C isolate

Surface Region

Subgenotype A1

PRE-S1 PRE-S2 S GENE
S5 | S6 | F25 N37 | A53V | P54 | S45P/T/A | L49R/H | 168T | K122R | Y161F
INCHB137SG_Kerala F A P S L [ K Y
INCHB149SG_Kerala F N A L [ K Y
INCHB152SG_Kerala N A L Y
INCHB153SG_Kerala Y

INCHB166SG_Kerala

INCHB177SG_Kerala

INCHB197SG_Kerala

INCHB202SG_Kerala
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INCR138SG_Kerala
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H
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.~ Chronic Hepatitis B virus infection

Cirrhosis

- Hepatocellular carcinoma
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Table 3.5 Amino acid changes in the complete S region of genotype D HBV isolates

Surface Region

PRE-S1 PRE-S2 S GENE

D42E N102D F22L A39V T118V P127T A128V

Y134A

Genotype D
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3.6 ANALYSIS OF OVERLAPPING POLYMERASE REGION

The polymerase protein, which overlaps the complete surface gene, was also
analysed for specific amino acid changes, particularly those that have been shown to
confer resistance to the antiviral agents used to treat HBV infection. Only a single
HBV isolate, INHCCT10 had the lamivudine resistance mutations, L180M, which is in

the YMDD motif of the C domain of the reverse transcriptase, and the M204V,

The spacer domain, which overlaps both the pre-S1 and pre-S2 regions, was also
analysed. The spacer domain, is the most tolerant to the presence of mutations in
the polymerase protein, and hence the ability of the virus to withstand deletion
mutations in the pre-S1 and pre-S2 regions. Amino acid changes and pre-S deletion
mutants in the spacer domain were analysed, however no correlation with HBV

genotypes or disease status was found.
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3.7 BASIC CORE PROMOTER AND PRECORE REGION ANALYSIS

The BCP and the PreC region play a vital role in the replication of the HBV
(Summers and Mason, 1982). Thus specific nucleotide changes in these two regions
have been shown to influence HBV disease progression, as well as having a

possible role in hepatocellular carcinogenesis.

3.7.1 BCP/PREC REGION AMPLIFICATION AND SEQUENCE ANALYSIS

The region from nucleotide position 1653 to 1959 (numbering from the EcoRl site,
Genbank # AY233289), which includes the entire BCP as well part of the PreC/C
region, was amplified using a nested PCR. This yielded a 307 bp fragment, which

was detected via ethidium bromide stained 2% agarose gel (Figure 3.7).

IN HCCT2
IN HCC37

100BP

IN HCC11
IN HCCTS
WATER2
WATER1

1500
1000

L

500
400

300 - — — - — - - - = = —

Figure 3.7 Detection of the amplified BCP/PreC region amplicon, nt 1653 to
1959 (humbering from the EcoRl site, Genbank # AY233289), visualized on an
ethidium bromide stained 2% agarose gel.
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A total of 57 HBV isolates were successfully amplified and sequenced. The
chromatograms (Figure 3.8) and were manually aligned and edited, and further

analysed using the Mutation Reporter Tool (Bell and Kramvis, submitted)

1790 1800 1810 1820 1830 1840
CATAAATTGGTCT GCGCACCATCAT|¢ATGICAACTTTTITCACCTCTGCCTAATCATCTCTTGT!

| \ i
E'~J. NG REEAER AL AN M'{
|:| ozak sequence I:l PreC start codon

Figure 3.8 Chromatogram sequence showing subgenotype A1 Kozak sequence

Lo

and the PreC start codon. Chromatograms were aligned and manually edited prior

to analysis using the Mutation Reporter Tool (Bell and Kramvis, unpublished data).

3.7.2 BCP/PRECORE REGION MUTATION ANALYSIS

Detection of mutations in the BCP/PreC region was performed for 57 HBV isolates
(40 Genotype A vs 17 Genotype D). There was no specific correlation between the
presence of BCP/PreC mutations and either age or gender. Eighteen (33%) samples
were HBeAg-positive, and 37 (67%) samples were HBeAg negative. The HBeAg
status was not available for two samples. There was no significant difference in the
frequency of HBeAg-negativity between genotypes, as well as between disease
groups. HBeAg-positive and HBeAg-negative patients were analysed for the

presence of BCP/PreC mutations, which can influence HBeAg expression and
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synthesis. This may occur at three levels, transcriptional, translational, and post

translational level.

Analysis of the fasta sequences was performed using the Mutation Reporter Tool
(Bell and Kramvis, submitted). The Mutation Reporter Tool was used to generate the
mutation distribution graphs, encompassing the BCP/PreC region (Figures 3.9 and
3.10). The mutation distribution graphs represent the percentage of mutant residues
relative to the reference motif at fifteen loci of interest (1753, 1762, 1764, 1766,
1773, 1809-1812, 1814, 1858, 1862, 1888, 1896, 1899). The reference motifs used
were TAGCTTCATACGGGG (Genotype A) and TAGCTGCACATGGG (Genotype
D). The specific loci included in the analysis are the same as those described by
Kramvis et al., (2008). Nucleotide changes at these loci have an important role in
genotype specific disease progression, as well as a possible role in liver disease
progression and the development of HCC (Kramvis et al., 2008; Baptista et al., 1999;
Kao et al., 2003). The relative frequencies of nucleotide changes at these positions
were determined, as well as specific nucleotide changes occurring in HBV isolates

belonging to different genotypes and disease groups.

Examples of how the mutation distribution graphs are displayed using the Mutation
Reporter tool are shown in Figures 3.9 and 3.10. The various nucleotide changes
that may influence HBeAg status where analysed for both genotype A and genotype
D isolates (Figures 3.9 and 3.10). Genotype D isolates, from HBeAg-negative
patients had a higher occurrence of the G1896A as compared to isolates from
HBeAg-positive patients (66% vs 0%) (Figure 3.10). This nucleotide change is

known to abolish HBeAg expression, particularly in genotype D isolates, however
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this is not the case in genotype A isolates. The G1896A does not occur in genotype
A isolates, and thus other nucleotide changes such as the A1762T/G1764A double
mutation and the G1862T may influence HBeAg expression in patients infected with

genotype A isolates (Figure 3.9).

Genotype A: HBeAg-Positive

Mutation Distribution
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T1753A1762G1764C1766T1773T1809C 181 0ﬁ1 811 T1812A1814C1858G1862A1888G 1896G 1899
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o

Genotype A: HBeAg-Negative

Mutation Distribution
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T1753A1762G1764C1766T1773T1809C 181 0A181 1 T1812A1814C1858G1862A1888G 1896G 1899

Figure 3.9 Mutation distribution graphs comparing HBeAg-positive versus
HBeAg-negative HBV Genotype A isolates. The reference motif used was
TAGCTTCATACGGGG (Genotype A)
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Genotype D: HBeAg-Positive
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Figure 3.10 Mutation distribution graphs comparing HBeAg-positive versus
HBeAg-negative HBV Genotype D isolates. The reference motif used was

TAGCTGCACATGGG (Genotype D). (* p<0.05; HBeAg-negative vs HBeAg-positive)

The A1762T/G1764A double mutation had a higher occurrence in HBeAg-negative
patients, irrespective of genotype or disease group, but this did not reach statistical
significance. The double mutation A1762T/G1764A was found in 23 (46%), with the
single mutation, G1764A, occurring in 10 (20%) of patients (Table 3.8). There was
no significant difference between the frequency of A1762T/G1764A in genotypes A
and D, as well as no significant difference between the disease groups. When

combined, the single G1764A and the double A1762T/G1764A BCP mutations were
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significantly associated with HCC in both genotypes A and D (p<0.05) (Table 3.8).
The C1766T/T1768A found predominantly in subgenotype A1 was also significantly

associated with HCC (p<0.05) (Table 3.8).
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Table 3.6 BCP/PreC nucleotide changes in genotype A HBV isolates: HCC vs Non-HCC patients

BCP/PreC Region
Sex | Age | HBeAg | 1753 | 17621764 | 1766 | 1768 | 1773 | ooy | 1814 | 1858 | 1862 | 1888 | 1896 | 1899

HCC12 M | 60 | Neg T AG T A T | T0AT | A c T G G G

HCC14 M | 42 | Neg T AG T A T | T0AT | A c T G G G

HCC15 M | 45 ‘ T AG T A T |TcCT | A c T G G G

HCC16 F ol 41 | Neg T AA T A T |TcAaT | A c T A G G

HCC17 M | 32 \ T A c T T | TcAT | A c T G G G

HCC19 M| 42 \ T AG T A T | T0AT | A c T G G G

< HCC22 M | 32 | Neg T AA T A T | TcAT | A c T A G G
f:; HCC25 M | 55 | Neg T AA T A T | 10T | A c T T G G
g HCC29 F | 2 Neg c A c T T |[TcAac| A c T G G G
2 HCC30 M | 32 | Neg T AA c T T |TcAaT | A c G A G A
- HCC36 M | 65 - T A c T T | TTAT | A c G A G G
HCC37 F | a0 -l c TA c T T |TcAaT | A c T A G G

HCCe M | 44 | Neg T A c T T |TtccT| A c T G G A

HCC7 M | 43 | Neg c A c T T |TcAaT | A c T G G G

HCes M | 57 | Neg T AA T A T |TccT| A c T G G A

HCCo F | 44 | Neg T A c T T | TcAT | A c T A G G

INHCC24 F | 42 | Neg T AA T A T | TcAaT | A c T A G G

HCC3 M | 62 T TA c T T |TtccT| A c T A G G

< CHB149 M| 12 T A c T T | TcAaT | A c T A G G
= CHB137 F | 16 T A c T T |TcAaT | A c T A G G
f;;’ CHB152 F | 8 T AG c T T | TcAaT | A c T A G G
2 CHB153 M| o T AG c T T | TcAaT | A c T A G G
S CHB165 M | 35 | Neg T AG c T T | TcAaT | A c T A G G
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CHB166A M 40
CHB177 F 10
CHB182 M 33
CHB241 M 48
CHB400 M 26
CHB413 M 35
CHB42A M 40

CR138 M 43
CR144 M 46
CR282 F 21
CR294 M 35
CR298 F 52
CR311 M 52
CR382 M 31
CR399 M 46
CRH1 M 57
CR411 M 55
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Table 3.7 BCP/PreC nucleotide changes in genotype D HBV isolates: HCC vs Non-HCC patients

BCP/PreC Region

Sex Age
HCC11 M 43
HCC13 M 65
HCC23 M 55
HCC32 M 55
HCC33 F 46
HCC34 F 56
CHB151 M 12
CHB170 F 29
CHB174 F 24
CHB180 M 29
CHB187 M 22
CHB401 M 25
CHB48 F 19
CR10 M 22
CR224 M 26
CR300 M 31
CR306 F 42
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Table 3.8 Multiple logistic regression analysis for mutations independently

associated with HCC development among chronic HBV infection

Non HCC
HCcC (CR & CH)
Gen A GenD Gen A GenD OR(95% CI) P
N=18 N=6 N=22 N=11
A1762T/G1764A 8 (44) 4 (66) 8(36) 3(27) - NS
A1762T/G1764A
and 14 (78) 5(83) 12 (54) 3(27) 41'36%')%' 0.01°
G1764A only Ns?
4(0.99-16.96)° 0.02°
5
> C1766T/T1768A 9(50) 1(5) 5(23) 0 8.62 (1-192)° 0.02
oc
g
S 1773T 16 (89) 22(100)
s 1773C 4 (66) 7(63)
8 Ns®
£
] 26.44(4.87- d
S G1862T 16(89) 2(33) 18 (82) 1(9) 168.89)° 0.0001
()
]
(8]
% NS®
@ 11(0.79-245) 0.02
G1896A (] 3(50) (] 3(27) 0.0002°
A1762T/G1764A Ns?
+ 12 (67) 1(2) 11 (50) 0 4(1.02-16.39)" 0.02°
G1862T
G1764A only +
G1862T 5 (27.8) 1(16.7) 3(13.6) (] - NS

a
b
c
d

comparison between HCC and non-HCC, all genotypes
comparison between HCC and non-HCC, restricted to genotype A isolates
comparison between HCC and non-HCC, restricted to genotype D isolates
comparison between genotype A and genotype D isolates
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The G1862T, which interferes with post-translational modification of the HBeAg-
precursor and reduces HBeAg expression, was significantly associated with
subgenotype A1 (occurring 90% in HCC, and 82% in non-HCC) (Table 3.6). When
looking at subgneotype A1, there was no significant difference between the
occurrence of the G1862T from HBeAg-positive versus HBeAg-negative patients
(100% vs 80%) (Table 3.6). Taken together with the A1762T/G1764A, again no
specific correlation between HBeAg status could be made. There was no significant
difference between the frequency of this nucleotide change and the different disease
groups (HCC vs non-HCC). However, in combination with A1762T/G1764A, G1862T
was significantly associated with HCC in patients infected with subgenotype A1

(p<0.01) (Table 3.8).

The 1773T was characteristic of genotype A, and the 1773C of genotype D, with no
significant difference in the frequency of these nucleotide changes in the three
disease groups. These specific nucleotide changes at position 1773, are thus

genotype specific, and have no influence on disease progression.

Twenty isolates (16 genotype A; 4 genotype D) in which the BCP/PreC region was
analysed, but were not successfully genotyped using the complete S region
phylogenetic analysis, were genotyped/subgenotyped according to criteria of

Kramvis et al., (2008).
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3.8 COMPLETE HBV GENOME ANALYSIS

Full length sequences of HBV isolated from nine patients were obtained: five from
HCC patients, three from CHB patients, and a single full length HBV sequence from
a CR patient. The full length sequences provide a few representative full length
sequences from Kerala. No complete HBV genome sequences are currently
available from this region. Two methods were used to generate the full length
sequences; full length amplification followed by cloning, and a newly designed

overlapping subgenomic fragment PCR technique.

The cloning method was performed by PCR amplification of the complete 3.2 kb
genome of the HBV according to the methodology used by Gunther et al. (1995),
with the PCR product being cloned into the pSMART-cDNA vector. Four full length
sequences generated using the cloning method included, INCHB153, INCHB170,

INHCC29 and INHCC23.

Because of the difficulty of the full length PCR technique and the low yield of
successful PCR amplification, a new overlapping PCR fragment technique was
designed. This included the amplification and sequencing of an additional region of
the HBV genome (nt 1096 to 2660 from EcoRl), not covered by the ~ 2 kb amplicon
(nucleotide position 2410 to 1314 from EcoRI site), used for the complete S region
analysis. Sequencing of these two amplicons allowed for the complete genome to be
sequenced. HBV full genomes generated by this technique were, for isolates
INCH177, INCR10, INHCCT1, INHCC12, and INHCC13, which had relatively lower

HBV DNA levels.
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3.8.1 OPTIMIZATION OF NEW PCR FOR COMPLETE GENOME ANALSYSIS

A new 1.6 kb fragment PCR was designed to amplify the subgenomic region not
covered by ~ 2 kb PCR amplicon (nt 2410 to nt 1314), which included the complete
surface region. The two PCR amplicons used for the overlapping fragment technique

are shown in Figure 3.11.

2410 2 kb Fragment 1314

3.2Kb/1

et 1 200bp overlapping
med fragments

3.2 kb Complete HBV Genome

Figure 3.11 Overlapping fragment technique used for complete HBV genome
analysis
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The 1.6 kb fragment was designed to ensure sufficient overlap with the PCR
amplicon used for the complete S region analysis. Successful amplification of the 1.6
kb PCR fragment involved optimization of five important steps; design of specific
PCR primers, single vs nested PCR, annealing temperatures, polymerase enzyme

analysis, and sequencing primer design.

Newly designed primers specific for both genotypes A and D were used for the
amplification. This was done using published sequences from GenBank, in which
conserved regions of both genotypes A and D were analysed for sequence similarity.
Primer lengths were also optimized to ensure similar annealing temperatures. Mixed

populations of sequences were used for 991F and 2699R PCR primers.

A nested PCR was used, as this allowed for greater amplification and ensured
sufficient DNA for sequence analysis. A nested PCR was used, however during
optimization, a semi-nested PCR technique was also explored, using the primer
2878R for both first and second round reactions. This was done, as this primer had
the most specific sequence alignment for genotypes A and D. The nested PCR

however had better amplification than the semi-nested reaction.

Annealing temperature was optimized using an annealing temperature gradient. This
was done for both first and second round reactions. The annealing temperature
gradient used for the first round PCR amplification is shown in figure. The best
amplification was at an annealing temperature of 60.7°C, this amplicon was then
subsequently used for the second round reaction (Figure 3.12). An annealing

temperature gradient was also done for the second round reaction, whereby the best
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annealing temperature was found to be 58°C. The annealing temperatures for the

nested PCR were thus optimized at 60.7°C and 58°C, respectively.
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Figure 3.12 Optimization of the 1.6 kb PCR reaction using different annealing
temperatures.

Different Taq polymerase enzymes and reagents were also compared during the
optimization process. Three different enzymes where analysed, HotStarTag DNA
polymerase (Qiagen, Germany), BioTagDNA polymerase (Biogen, USA), and the
Expand High Fidelity PCR system (Roche), together with different Mg?* ion
concentrations. Comparison between HotStarTag DNA polymerase (Qiagen,
Germany) and BioTagDNA polymerase (Biogen, USA) is shown in Figure 3.13. A
similar result was obtained when comparing the Expand High Fidelity PCR system
(Roche), and hence it was found the HotStarTag DNA polymerase (Qiagen,
Germany) was the most efficient enzyme for the PCR ampilification, and was used

for all subsequent reactions (Figure 3.13).
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Figure 3.13 Optimization of DNA polymerase enzymes: HotStarTaq vs
BioTaqgDNA polymerase. Controls 1 and 2 represent negative controls for both first

and second round amplifications.

Primers used for sequencing were also designed in the same manner as the primers
for the PCR amplification, with specificity for both genotypes A and D. Three primers
were used to sequence the 1.6 kb amplicon, 1096F, 1580F, 2058F (numbering from
the EcoRl site), which ensured sufficient overlap to allow merge the three fragments
into the complete 1.6 Kb sequence. This was then used in conjunction with the ~ 2

kb sequence, to generate the full length HBV genome (Figure 3.11).
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3.8.2 PHYLOGENETIC ANALYSIS OF THE COMPLETE HBV GENOME

The nine complete HBV genomes together with complete HBV sequences from
Genbank were used to generate the full length phylogenetic tree. Four HBV isolates
belonged to genotype D (D1:1; D2:3), and five to genotype A (subgenotype A1)
(Figure 3.14). The same genotype distribution was obtained when the four open
reading frames were analyzed individually. Moreover, this genotype distribution is
the same obtained using phylogenetic analysis of the corresponding complete S

region (Figures 3.3 and 3.4).
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Figure 3.14. Phylogenetic analysis of the nine complete HBV sequences from
Kerala, India.
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3.8.3 COMPARATIVE BIOINFORMATIC ANALYSIS OF SUBGENOTYPE Af
ISOLATES FROM KERALA, INDIA

Five isolates, which had complete HBV genome sequences belonged to
subgenotype A1, (INHCCT1, INHCC29, INCHB153, INHCC12, and INCHB177). The
subgenotype A1 isolates were analyzed further using bioinformatics, to compare
them to all subgenotype A1 complete HBV genome sequences available from

Genbank.

Phylogenetic analysis of the complete genome sequences of the five Keralite
subgenotype A1 isolates showed clustering within the ‘Asian’ clade (Figure 3.15).
The ‘Asian’ clade separated into three branches, with the first branch exclusively
containing sequences from Asian countries (blue), a second branch including
isolates from Asia, Africa and South America regions (red) and a third branch
containing Somalian sequences (green) (Figure 3.15). The Kerala isolates were
shown to cluster within the second branch with isolates from Asia, Africa and South
America (Figure 3.15). Distinction between the subgenotype A1 clades was seen
when complete HBV genome sequences, S ORF sequences, and Pol ORF
sequences were used for phylogenetic analysis (Figures 3.3, 3.15 and 3.16).
However, when the X ORF sequences (Figure 3.16) and the C ORF sequences
(figure not shown) were analysed, this distinction into subgenotype A1 clades could

not be determined.
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99



CHAPTER 4: DISCUSSION

Genotypes A and D are the predominant genotypes in India (Datta 2008).
However, these findings were mainly based on studies conducted in the
eastern and northern regions of the country (Datta 2008). Limited data is
available from western and particularly southern regions of India. Thus in the
present study, HBV isolates from Kerala, southern India, were used to
investigate the distribution of HBV genotypes/subgenotypes from this region.
Molecular characterisation of the HBV isolates, with a focus on the BCP/PreC
and S regions was also performed. The genotypes/subgenotypes, BCP/PreC
and S region mutations and complete genomes were then compared to those
reported in other areas of India, as well as isolates from southern Africa and

South America.

4.1 DESIGN AND OPTIMIZATION OF EXPERIMENTS

Two experiments were designed and optimized for the present study. These
included the PCR amplification, for the sequencing of the complete S region,
and the amplification of an overlapping fragment in order to obtain the

sequence of the complete HBV genome.

The S region PCR was designed to serve a two-fold function: amplification
and sequencing of the complete S region of genotype A and D isolates; and to
be of sufficient length ~2 kb to ensure overlap with the 1.6 kb fragment,
allowing for generation of complete HBV genome sequences (Figure 3.11).
The use of this overlapping technique served as a means of overcoming the

difficulty associated with the full length amplification described by Gunther et
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al. (1995) and downstream cloning process. Complete genome amplification
and cloning was used to generate full length sequences for four isolates;
INCHB153, INCHB170, INHCC29 and INHCC23. The inability to amplify
additional isolates using this method could be as a result of low titre and/or
the presence of specific HBV variants, which escape detection (Gunther et al.,

1995).

The use of an overlapping fragment method to generate complete HBV
genome sequences has been described (Takahashi et al., 1998), however
this method does not allow for analysis of the complete S region with a single
PCR amplicon. A disadvantage of using the overlapping fragment method for
complete genome analysis is that the sequences do not necessarily represent

those of a single HBV isolate, but rather represent the dominant quasispecies.

The ~2 kb and 1.6 kb PCR’s involved optimization of five steps; design of
specific PCR primers, single versus nested PCR, annealing temperatures,
polymerase enzyme analysis, and sequencing primer design. Correct and
efficient PCR amplification requires specific primer binding to the sequence of
interest. Reports have shown that different primer pairs for the same gene can
exhibit up to 1000-fold differences in sensitivity (Sachse, 2004). Primers
designed for both PCRs were aligned to genotype A and D sequences in

Genbank to ensure greater specificity.

The importance of ensuring the correct annealing temperature is highlighted

in Figure 3.12, whereby it was found that the using a temperature of ~ 60°C
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enabled optimum amplification of the 1.6 kb fragment. The correct annealing
temperature is the most important factor influencing the specificity of the PCR,
and should be set within a few degrees of the melting temperature (Tm)
(Sachse, 2004). Reactions run at temperature increments (2°C-5°C) starting
at 5°C below the calculated T, will allow an approximation of the optimum

annealing temperature (Roux, 2003).

Low yield and often no PCR amplicons were obtained when using
BioTagDNA polymerase (Biogen, USA) (Figure 3.13). HotStarTag DNA
polymerase (Qiagen, Germany), provided with an optimized master mix,
showed a much higher yield (Figure 3.13) and was subsequently used for all
reactions. The HotStarTag DNA polymerase (Qiagen, Germany) utilizes the
hot-start methodology, in which an initial denaturation step at 95°C for 15
minutes is performed. The hot-start PCR method prevents primer dimer
formation and nonspecific priming, which can occur at incubations of a PCR
mixture at temperatures below the T, (Roux, 2003), and thus improves the

specificity of the PCR.

The sensitivity of the newly designed complete S region amplification was
demonstrated when we used it to report the first known case of transfusion-
transmitted HBV infection by blood screened using individual-donation nucleic
acid testing (ID-NAT) by the South African National Blood Service (Vermeulen
et al., 2012). The viral burden in the infectious red blood cell unit was
estimated at 32 (22 — 43) HBV DNA copies/ 20 ml of plasma (Vermeulen et

al., 2012). Moreover, it has recently been used by our group to detect occult
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HBV infection in HIV infected South Africans (Bell et al., 2012), as well as for
the molecular characterization of isolates from these individuals (Makondo et

al., 2012)

4.2 GENOTYPING OF HBV ISOLATES FROM KERALA

Over the years numerous genotyping methods have been developed,
including restriction fragment length polymorphism (RFLP), PCR using
genotype specific primers, multiplex-PCR, hybridisation, serology based
techniques, and the use of various bioinformatic tools and nucleotide analysis
(Lindh et al., 1997; Mclver et al., 2005, Laperche et al., 2001; Usuda et al.,
1999; Kramvis et al., 2008). Although these newer methods have become
increasingly popular because of the ability to genotype a large number of
samples in a relatively short duration, the classical method of complete HBV
genome PCR amplification, sequencing and phylogenetic analysis, still

remains the most specific method of HBV genotyping.

In the present study, complete S region PCR, sequencing and phylogenetic
analysis was performed to determine the genotypes and subgenotypes. Of
the 70 HBV DNA-positive serum samples, 50 HBV isolates were successfully
genotyped and subgenotyped using complete S region sequencing and
phylogenetic analysis. Phylogenetic analysis is used to assess the relative
evolutionary relatedness of sequences to each other (McCormack and
Clewley, 2002). The use of phylogenetic analysis for the genotyping and
subgenotyping of HBV isolates is based on the use of specific algorithms

used to determine the relatedness of sequences. These algorithms, which are
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used in various phylogenetic software packages, enable the construction of
phylogenetic trees, which display the evolutionary relatedness of the
sequences (Bartholomuesz and Schaefer, 2004). The application of
phylogenetics can be used in the analysis of subgenomic sequences of
specific genes or regions, as well as complete genome sequences
(McCormack and Clewley, 2002). Although subgenomic sequences are often
used for genotyping of the HBV and in general correlate with complete
genome sequence analysis (Figure 3.3 and Figure 3.15), the subgenomic

region compared must be of sufficient length and diversity.

Phylogenetic analysis of the complete S region showed genotype A was the
most prevalent genotype infecting liver disease patients in Kerala. The high
prevalence of genotype A in our cohort, differs from previous studies from
other geographical regions of India, which found genotype D to be the
predominant genotype (Chattopadhyay et al., 2006a; Vivekanandan et al.,
2004; Gandhe et al., 2003), or occur at an equal prevalence as genotype A
(Thakur et al., 2002; Kumar et al., 2005). Thirty two genotype A isolates were
successfully subgenotyped. Thirty one (97%) isolates were subgenotype A1,
and a single isolate was subgenotype A2. The high prevalence of
subgenotype A1 is in keeping with other studies from India, which also found
subgenotype A1 to be the predominant subgenotype of A (Sugauchi et al.,
2004; Tanaka et al., 2004; Banerjee et al., 2006). Subgenotype A2 which is
found mainly outside Africa (Kramvis and Paraskevis, in press) has previously
been described in eastern Indian blood donors and found to be restricted to

the peripheral blood lymphocytes (Datta et al., 2009). The subgenotype
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distribution of HBV isolates has only been studied in eastern and northern
regions of India. This study is the first to report the subgenotype distribution in
Kerala, southern India, and is the first to sequence the complete HBV genome

of subgenotype A1 isolates from this region.

The complete genome sequences and the complete S region sequences of
the subgenotype A1 isolates from Kerala were found to cluster within the
‘Asian’ clade as a separate branch together with isolates from Asian, African
and South American regions (Figures 3.3 and 3.15). Subgenotype A1 of HBV
was the first subgenotype to be recognized, with unique molecular
characteristics that differentiate it from subgenotype A2 (Bowyer et al., 1997;
Kramvis et al., 2002). Subgenotype A1 is the dominant subgenotype A strain
in Africa, and is also found in the Indian subcontinent and south America
(Kramvis and Paraskevis, in press). These areas both have a history of
migration events out of Africa, which could account for the high occurrence of
subgenotype A1 in these regions. The major sea ports at Calicut and Cochin
on the west coast of Kerala, were frequented by both the Dutch East India
Company and the Portuguese colonists (Kurien, 1994), and this could explain
the higher occurrence of genotype A isolates in Kerala, compared to other

regions of India.

Genotype D has the shortest genome of 3182 nt, with a characteristic 33 nt
deletion at the beginning of the Pre-S1 region (Kramvis et al., 2005). Although
previously, genotype D has been classified as having 8 subgenotypes, D1 to

D8 (Abdou Chekaraou et al., 2010), a recent analysis has suggested a
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subgenotype classification of only six subgenotypes, which are geographically

distributed (Yousif and Kramvis, 2012).

In the present study, 17/50 (34%) HBV isolates were genotype D. This is
significantly lower than a previous study from Delhi, northern India, which
reported genotype D as the most prevalent genotype at 68.3%, followed by
genotype A 25.7% and genotype C 5.9% (Madan et al., 2009). Studies from
eastern, western and southern regions of India have also reported a
predominance of genotype D (Biswas et al., 2008; Vivekanandan et al., 2004;

Gandhe et al., 2003).

The predominant subgenotype of D was D2, found in 70% of the patients,
followed by D1 and D3. This is the first study to report the subgenotype
distribution of genotype D from southern India, to report the relatively high
prevalence of subgenotype D2 and to sequence the complete genome of
subgenotype D2 from India. A recent study from western India, found D1 in
17%, D2 in 29%, D3 in 34% and D5 in 20% of the cases (Chandra et al.,
2009). Another study, which only had 5 genotype D isolates, found a single
D1 isolate, two subgenotype D3 and two subgenotype D5 isolates (Banerjee
et al., 2006). In a recent analysis of the geographical distribution of the six
subgenotypes of D, subgenotype D2 was found to prevail in Malaysia, Japan,
Russia, Estonia, Poland and the United Kingdom but not India (Yousif and
Kramvis, 2012). When the subgenotype D2 isolates from Kerala were
analyzed they were found to cluster with isolates from Japan (Figure 3.4) and

to have amino acids residues characteristic of subgenotype D2 (Table 3.5).
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Analysis of a larger cohort from southern India would be required to confirm

the prevalence of D2 in southern India.

A single genotype C isolate was identified, and was subgenotyped as C1. The
sequence was closely related to C1 isolates from China and Thailand, in
agreement with a previous study from eastern India (Banerjee et al, 2006a)
(Figure 3.5). Genotype C is found mainly in the eastern regions of India, with
comparable proportions of genotypes A, D and C (Banerjee et al., 20063a;
Banerjee et al., 2006b). The high sequence similarity with the South East
Asian subgenotype C1 isolates could suggest a recent introduction into the

eastern Indian population from Asia (Banerjee et al., 2006a).

The HBV serological subtypes were determined via analysis of the translated
HBsAg region using the amino acids at positions 122, 127, 134 and 160
(Kramvis et al., 2008). The genotype A strains belonged to serotype adw?2
(84.4%) and aywi (15.6%), which is comparable to other studies (Kramvis
and Kew, 2007). The genotype D strains were serotype ayw3 (58.8%), ayw2
(35.3%) and adw3 (5.9%), in agreement with previous findings from India

(Chandra et al., 2009). The single subgenotype C1 strain was adr.

4.3 GENOTYPE DISTRIBUTION AMONG DISEASE GROUPS AND
INFLUENCE ON DISEASE PROGRESSION

A correlation between the HBV genotypes and severity of liver disease is
becoming increasingly apparent. In the present study, patients infected with
genotypes A and D did not differ from each other in terms of age, frequency of

HBeAg-positivity and ALT levels. However, compared to cirrhotic and CHB
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patients, a significantly higher proportion of HCC patients were infected with
subgenotype A1. HCC patients infected with subgenotype A1 were also
significantly younger than those infected with genotype D. This is in
agreement with a previous study which showed that South African patients
infected with subgenotype A1 had a 4.5 fold increased risk of developing HCC
compared to patients infected with non-A genotypes and also developed
cancer 6.5 years earlier (Kew et al., 2005). The findings from this study and
those from South Africa may mean an increased hepatocarcinogenic potential

of subgenotype A1, regardless of host ethnicity.

4.4 ANALYSIS OF COMPLETE S REGION AND THE OVERLAPPING
POLYMERASE REGION

A total of eight pre-S2 deletion mutants were detected, together with a single
pre-S1 deletion (nucleotide position 2854-2872), which obliterated the start
codon (Table 3.3). The pre-S deletion mutants were found predominantly in
subgenotype A1 (88%), with a single subgenotype D2 isolate also having a
pre-S deletion. Moreover, in the subgenotype A1 isolates, a higher frequency
of pre-S deletion mutants was observed in HCC patients compared to other
disease groups, although this did not reach statistical significance. This is the
first study to describe the pre-S deletion mutants from Indian HCC patients
infected with subgenotype A1 and is agreement with other studies that
showed a strong correlation between genotype B and C pre-S mutants and
the development of HCC (Takahashi et al., 1998; Huy et al., 2003; Sugauchi
et al, 2003). Another study from India found pre-S deletion mutants

predominantly in genotype A and C, compared to genotype D, however they
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did not find any correlation with the clinical outcome, with equal occurrence of
pre-S deletion mutants in ASC, CLD and cirrhotic patients (Biswas et al.,
2012). Research from South Africa found 72% of HCC patients had HBV
isolates with pre-S deletions mutants, and these mutants were found to be
significantly associated with subgenotype A1 isolates (Skelton,2008). A recent
study from South Africa also showed the presence of pre-S deletion mutants
in subgenotype A1 isolates from patients with HBV-HIV co-infection (Makondo

etal., 2012).

All pre-S2 deletions occurred within the highly immunogenic region, which
harbours both B and T cell epitopes (Table 3.3), and were comparable to
findings from South Africa, where 48% of HBV subgenotype A1 isolates from
HCC patients, also harboured deletions within this immunogenic region
(Skelton, 2008). The T-cell-mediated immune response is critical in the control
of HBV infection (Chang and Lewin, 2007), and hence deletions in this region
may have an advantage for the viral pool to evade immune pressure and
persist (Sobotta et al, 2000). Other possible mechanisms that may be
involved in pre-S deletions contributing to advanced liver disease, such as
HCC, include, retention of mutant LHBs in the endoplasmic reticulum (ER),
resulting in ER stress, and up-regulation of COX-2 and cyclin A, which
induces uncontrolled cell cycle progression (Wang et al., 2006). A recent
study also found pre-S2 deletion mutants to be more oncogenic than pre-S1

deletion mutants (Lin et al., 2012).
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Nucleotide changes and amino acid substitutions in the complete surface
region and overlapping polymerase were also analysed to determine any
correlation with the disease groups and possible liver disease progression.
Two important amino acid substitutions were noted, the ps2: M1l/T and the
ps2: F22L. The pre-S2 start codon mutation M11/T, which prevents initiation of
the MHBs protein, was found exclusively in subgenotype A1 isolates from
HCC patients. A total of six subgenotype A1 isolates had the start codon
mutation, and this was significantly associated with HCC as compared to
other disease groups (p=0.0072). The pre-S2 start codon mutation was found
to be the predominant pre-S region mutation present in HBV sequenced in a
recent study from eastern India (Biswas et al., 2012), and was also more
frequently found among HBV genotype A and C isolates as compared to
genotype D isolates (Biswas et al., 2012). The pre-S2 start codon mutation
may thus have an important role in HBV induced liver disease and possibly
the development of HCC, particularly in subgenotype A1 isolates. A possible
mechanism in liver disease progression includes the altered ratio of the three
surface protein expression caused by defective MHBs expression, which
might lead to an increased accumulation of surface proteins, leading to

increased cellular stress (Raimondo et al., 2004; Choi et al., 2007).

The ps2: F22L was found in both genotype A (22%) and D (24%) isolates,
with the ps2: F22L being significantly associated with HCC in patients infected
with genotype D (p<0.0098). Recent studies indentified the ps2: F22L as a
risk factor for HCC among patients infected with genotype C (Mun et al.,

2011). Another study from India also showed a significant association of the
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ps2: F22L with cirrhosis, and hence postulated a possible role in clinical liver
disease progression (Biswas et al, 2012). The possible mechanisms
associated with this pre-S2 mutation and liver disease remain unknown, yet it
would seem to have a possible role in hepatocarcinogenesis, particularly in

genotype D.

The HBsAg region remained well conserved in all isolates examined, with few
amino acid changes noted between different genotypes and disease groups.
No vaccine escape mutants were detected, with the ‘a’ determinant being very
well conserved. The overlapping polymerase region also remained highly
conserved, with only a single HBV isolate, INHCCT10 having the lamivudine
resistance mutations L180M and M204V. The former is in the YMDD motif of
the C domain of the reverse transcriptase. These drug resistance mutations
develop when the virus is placed under ‘stress’ as occurs during treatment

regimens used in the treatment of HBV infection (Zoulim and Locarnini 2009).

4.5 BCP/PREC REGION ANALYSIS

Genotype distribution of the 57 BCP/PreC positive isolates was, 40 genotype
A and 17 genotype D, and the majority were HBeAg-negative. The BCP/PreC
mutations responsible for the higher rate of HBeAg-negativity differed

between the two genotypes.

The higher frequency of HBeAg-negativity is an important feature of HBV
carriers in South Africa (Dusheiko et al., 1985), where subgenotype Af

predominates (Bowyer et al., 1997; Kimbi et al., 2004). In subgenotype A1,
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nucleotide changes in the BCP/PreC region, including A1762T/G1764A,
1809-1812 Kozak sequence variants, and the G1862T, have possible roles in
earlier HBeAg seroconversion (Kramvis and Kew, 2007). In subgenotype A1,
no correlation between the A1762T/G1764A double mutation and HBeAg-
negativity was found, which is in agreement with a previous study from South
Africa (Baptista et al., 1999). Previous reports from India also showed that the
A1762T/G1764A was more common in HBeAg negative patients, but did not
differentiate between genotypes (Chauhan et al., 2006). The A1762T/G1764A
BCP mutation may lead to reduced transcription of the precore mRNA,

resulting in reduced HBeAg synthesis (Buckwold et al., 1997).

G1764A occurred alone 20% of the isolates. When combining the single
G1764A and the double A1762T/G1764A, in agreement with others (Baptista
et al., 1999; Kao et al., 2003), a significant association with HCC was found
(Table 3.8). However, studies from India have shown conflicting findings
regarding the role of the A1762T/G1764A double mutation in liver disease
progression and the development of HCC. One study from western India
reported that the clinical manifestations were independent of the
A1762T/G1764A mutations (Gandhe et al., 2003), whereas another group
from eastern India showed a significant association between the
A1762T/G1764A mutations and patients with chronic liver disease (Biswas et
al., 2011). The A1762T/G1764A double mutation with the T1753C was found
in 5 isolates, 3 genotype A and 2 genotype D (INHCC29, INHCC37, INHCC?7,
INHCC13, and INCR224). This combination of mutations has been described

as a marker of HCC (Tanaka et al, 2003; Yeh et al., 2010; Zhang et al., 2010),
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and was recently found to be more common in HBV isolates from cirrhotic
patients in a study from eastern India (Biswas et al., 2011). Although the
A1762T/G1764A double mutation with the T1753C were found predominantly
in HCC patients, and a single cirrhotic patient, no significant correlation with
clinical disease was found. Analysis of the single T1753C mutation also
showed no correlation with clinical liver disease, in keeping with a previous

study from eastern India (Biswas et al., 2011).

The C1766T/T1768A was found at a significantly higher frequency in
subgenotype A1 isolates, however was not significantly associated with HCC
in subgenotype A1 (Table 3.8). Analysis of the C1766T/T1768A across both
genotypes A and D, found a significant association with HCC compared to
non-HCC patients (p<0.05) (Table 3.8). No significant association between
the C1766T/T1768A mutation and HBeAg-negativity was found. The
C1766T/T1768A has been reported as an independent predictor of cirrhosis in
HBeAg-negative patients, and is also associated with higher HBV replication
rates by increasing the encapsidation of the pgRNA (Guo et al., 2008;
Baumert et al., 1996). The T1768A mutation results in F132Y in the HBx and
may play a synergetic role with K130M and V131l, introduced by
A1762T/G1764A, possibly leading to increased hepatocarcinogenesis (Guo et

al., 2008).

The 1773T was characteristic of genotype A, and the 1773C of genotype D,

with no significant difference in the frequency of these nucleotide changes in
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the three disease groups. These specific nucleotide changes at position 1773,

are thus genotype specific, and have no influence on disease progression.

In subgenotype A1, the consensus sequence of the Kozak sequence
(positions nt 1809-1812), preceding the start codon of the precore, is TCAT
(Baptista et al., 1999; Kramvis et al, 2008). TCAT at this position has been
shown to impair the translation of the HBeAg precursor, possibly by a leaky
scanning mechanism (Ahn et al., 2003). Further mutations within this region,
such as TCCT, TCTT, TTAT and TTCT, which severely impair translation,
were found predominantly in HBeAg-negative individuals (Table 3.6). When
these mutations occur together with A1762T/G1764A they have been shown

to reduce HBeAg to undetectable levels (Ahn et al., 2003).

The G1862T was found in 90% of subgenotype A1 sequences analysed,
which is much higher than the frequency of this mutation in South African
subgenotype A1 isolates (Kramvis et al., 1997; Kramvis et al., 1998; Tanaka
et al, 2004). This high prevalence of G1862T has previously been described
in subgenotype A1 isolates from India (Tanaka et al., 2004; Chauhan et al.,
2006). The G1862T mutation results in a valine to phenylalanine substitution
at the - 3 position to the signal peptide cleavage site, at the amino end of the
precursor protein of HBeAg, leading to impaired processing of the HBeAg in
the endoplasmic reticulum (Chen et al., 2008). This provides a further
mechanism by which HBeAg expression is reduced by subgenotype A1
(Kramvis et al, 2007). There was no association between the G1862T and

HCC, with equal frequencies in all disease groups (Table 3.8). The
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combination of the G1862T and the A1762T/G1764A, was however,
significantly associated with HCC in patients infected with subgenotype A1

(Table 3.8).

The variation G1888A is unique to subgenotype A1, and rarely occurs in other
genotypes (Kramvis et al., 2008) The G1888A occurred in 62.5% of the
subgenotype A1 isolates, 44% from HCC patients, and 77% from non-HCC
patients. The G1888A mutation may interfere with initiation at the downstream

1901 core AUG, decreasing core protein translation (Kimbi et al., 2012).

The G1896A mutation, which converts the codon TGG for tryptophan to a
stop codon leading to truncation of the HBeAg precursor (Carman et al.,
1989), was responsible for the HBeAg-negativity in 76% of HBeAg-negative
patients infected with genotype D. In genotype D, 1858T, allows stable T-A
Watson Crick bond in the encapsdation signal. In contrast, genotype A
isolates have 1858C and thus the G1896A would disrupt the G-C Watson
Crick bond, destabilizing € and compromising viral replication (Lok et al.,
1994). Thus, as has been discussed above, subgenotype A1 has alternative
mechanisms of reducing HBeAg expression at the transcriptional,
translational and post-translational levels. It is interesting to note that these

mechanisms do not occur in subgenotype A2 (Kramvis et al., 2007).

The presence of nucleotide changes in the BCP/PreC region as well as pre-S
deletion mutants has been shown to play a role in liver disease progression

(Fan et al., 2001; Kao et al., 2003). Although numerous studies have looked

115



at these regions independently, the combined effect of changes in these two
regions, and the impact on disease progression has not been extensively
evaluated, particularly for genotypes A and D. The combination of pre-S
deletion mutants, in genotypes B and C, together with the A1762T/G1764A
double mutation, may increase liver disease progression and ultimately
increase the risk for HCC (Chen et al., 2008). Of the nine isolates in which
pre-S deletion mutants were detected, only six had successful amplification
and analysis of the corresponding BCP/PreC region (Table 3.3). Five out of
the six isolates had the 1762T/1764A double mutation present, with a single
isolate, INHCC30, having 1764A. Four of the 5 isolates with 1762T/1764A
also had G1862T. Thus it is possible that the combined effects of BCP/PreC
mutations and S region mutations in HBV may play a role in liver disease

progression and needs to be explored further.
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CHAPTER 5: CONCLUSION

This is the first study to analyse the genotype/subgenotype distribution of HBV
isolates from Kerala, southern India. Genotype A (predominantly subgenotype
A1) was found to be the predominant genotype in Kerala, differing from other
regions of India where genotype D was found to predominate, or occur at a

similar frequency to genotype A.

This study represents the first to sequence the complete genome of
subgenotype D2 from India, and showed predominance of subgenotype D2 in

Kerala, which differs from other areas of India.

The relationship between HBV genotypes and three disease groups, revealed
a higher prevalence of subgenotype A1 in HCC patients and HCC patients
infected with subgenotype A1 were significantly younger compared to those
infected with genotype D. This concurs with the findings in southern African

patients infected with subgenotype A1 (Kew et al, 2005).

Molecular characterisation of HBV isolates, included sequencing of the
BCP/PreC region, and the S region, together with a few representative
complete genome sequences, revealed a number of important nucleotide
changes that could contribute to the higher hepatocarcinogenic potential of
subgenotype A1. The association of A1762T/G1764A with HCC was not
found to be as strong as shown previously in a South African study (Baptista
et al, 1999). However, G1862T, which occurs mainly in subgenotype A1, was

significantly associated with HCC, when it occurred together with
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A1762T/G1764A. The pre-S deletion mutants were found predominantly in
subgenotype A1, with the pre-S2 start codon mutation found exclusively in
HCC patients infected with subgenotype A1. The pre-S deletion mutants
occurred together with A1762T/G1764A and G1862T. It is possible that these
nucleotide changes have an important function in HCC progression in patients
infected with subgenotype A1 and this need to be studied using larger cohorts

and functional studies.
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APPENDICES

APPENDIX A: SOLUTIONS AND REAGENTS
A1. 10X TBE Buffer

108 g Tris base

55 g Boric acid

9.3 g EDTA

Make up to 1 L with distilled water and autoclave.

A2. 1X TBE Buffer
1 ml of 10X TBE

Make up to 1 L with distilled water and autoclave.

A3. 1% Agarose

1 g agarose

100 ml 1X TBE

Microwave until completely dissolved.

Add ethidium bromide and add to gel trays with gel combs.

A4. 50 mg/ml Kanamycin

0.5 g kanamycin sulphate

10 ml SABAX water for injections

The solution was filter-sterilised using a 0.2 um Minisart® NML single-use
syringe filter

1 ml of solution was aliquoted into foil-wrapped sterile 1.5 ml microcentrifuge

tubes and stored at -20°C
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A5. 2X YT Agar Plates supplemented 50 pg/ml Kanamycin

16 g Bacto-Tryptone

10 g Bacto-Yeast Extract

5 g NaCl

15 g Agar Bacteriological

Distilled water was added to make up to 1 L.

Autoclaved at 121°C for 30 minutes after which it was cooled at room
temperature for 1 hour after which 1 ml 50 mg/ml kanamycin was added and
mixed.

50 ml of this agar and kanamycin containing medium was poured into 10 cm
petri dishes and allowed to dry overnight.

The medium containing petri dishes were incubated at 37 °C for 30 minutes

and stored at 4 °C until further use.

A6. TB Medium

12g Tryptone

249 Yeast extract

4ml Glycerol

Make up to 1 L with sterilised water
Autoclaved at 121 °C for 30 minutes

Allow to cool to room temperature and store at 4 °C until further use.
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