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ABSTRACT

The methylation status of CCGG sites in hepatitis B 
virus (HBV) DNA was examined to determine whether 
methylation could be responsible for the selective 
expression of the HBV surface gene in the progression 
of chronic hepatitis B infection and hepatocellular 
carcinoma. Total cellular DNA, determined to have suff
icient HBV DNA, was digested with the restriction endo
nucleases Mspl and Hpall, to determine whether the HBV 
DNA was methylated, or HindiII, to determine whether 
the HBV DNA was integrated. The cleavage fragments were 
analysed by Southern blotting and hybridisation to •32p- 
labelled HBV DNA.
In replicative chronic hepatitis B, hypomethylation of 
the HBV genome correlated with HBV expression in both 
virions and infected tissue. Integrated sequences were 
hypermethylated in the human hepatocellular carcinoma 
cell line PLC/PRF/5 and in six of tne tumour tissues 
suggesting that methylation plays a role in HBV gene 
repression. However, since DNA from five other tumours 
was hypomethylated, the belief that methylation per se 
is an absolute determinant of HBV core gene repression 
does not hold for human hepatocellular carcinoma 
tissue.
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PREFACE

There is a high incidence of hepatitis B virus (HBV) 
infection and a correspondingly high incidence of hepato
cellular carcinoma (HCC) in indigenous Africans. HCC 
develops in young, Black men and women often without 
evidence of chronic liver disease and progresses rap
idly to a fatal outcome. Tumours in Oriental and Euro
pean patients usually develop on a background of chro
nic active disease and tumour progression occurs more 
slowly. Having indirect access to tissue from chronic 
HBV carriers and patients with HCC permits research 
into this relatively common and invariably fatal dis
ease. It is hoped that all research efforts in HCC will 
lead to a lessening of the morbidity from this dis
ease. For tnese reasons, this is a very important 
research field in this country.

Chronic hepatitis B carriers may either have pre
dominantly "replicative" or "nonreplicative"-hepatitis 
B virus (HBV) infection. Chronically infected carriers 
with replicative infection evolve after several years 
from an early replicative phase to a later, predomin
antly nonreplicative phase in which HBV expression is 
diminished. In carriers with replicative infection, HBV 
DNA in liver exists as several episomal replicative 
intermediates. Both the core and surface genes are
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transcribed from episomal HBV DNA. The majority of 
long-standing HBV carriers and patients with HBV- 
related hepatocellular carcinoma have low levels of HBV 
replication. HBV DNA in liver is predominantly inte
grated. Transcription of integrated HBV sequences is 
assumed to be the source of hepatitis B surface antigen 
in tnese carriers. The human hepatocellular carcinoma 
cell line PLC/PRF/5 contains only integrated HBV DNA 
sequences and expresses only HBsAg.

Methylation of specific cytosine bases has been 
implicated in gene repression in other viral infect
ions. In particular, two studies have suggested that 
core antigen expression in the human hepatocellular 
carcinoma cell line PLC/PRF/5 is regulated by methy
lation. To determine whether methylation could explain 
the selective expression of the surface gene in carr
iers with nonreplicative infection or with HCC, we 
studied the state of methylation of CCGG sites in HBV 
DNA in liver tissue obtained from chronic HBV carriers 
and patients with hepatocellular carcinoma.

This investigation was supported by a research grant 
from the Poliomyelitis Research Foundation and a grant 
from the Samuel and Sylvia Schnaid Foundation.
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CHAPTER I INTRODUCTION

The hepatitis B-like viruses have been grouped together 
as a distinct family of viruses, the "hepadna" viruses 
(for "hepatitis DNA" viruses). They possess several 
unique characteristics which distinguish them from the 
other five families of DNA containing viruses (adeno
virus, herpesvirus, poxvirus, parvovirus and papova- 
virus). To date, the well characterised hepadna viruses 
are the human hepatitis B virus (HBV), duck hepatitis 
virus (DHBV), woodchuck hepatitis virus and ground 
squirrel hepatitis virus (Mason et al. 1980, Summers 
et al. 1978, Marion et al. 1980a).

1. Virion structure and morphology 
With the exception of the papovaviruses, tne hepadna 
viruses have the smallest virion of the DNA-containing 
viruses. The HBV virion is a 42 nanometre (nm) spheri
cal particle, often called a Dane particle. Within the 
outer envelope of the Dane particle is a 27 nm 
nucleocapsia containing a circular, partially double- 
stranded DNA genome. Characteristic of this family of 
viruses are the abundant non-DNA containing particles 
also present in serum with the virions. These non-
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infectious particles have circular and filamentous 
forms with, in the case of HBV, a mean diameter of 22 
nm (Tiollais et al. 1981). The virion outer coat and 
the non-DNA containing particles possess a common 
antigen, hepatitis B surface antigen (HBsAg). The 
nucleocapsid of the virion expresses the hepatitis B 
core antigen (HBcAg) and the hepatitis B e antigen 
(HBeAg, Figure 1). HBeAg is thought to be a breakdown 
product of HBcAg (Takahashi et al. 1979); transcription 
from the 'precore' region of the HBV genome is required 
for the association of HBcAg with the endoplasmic 
reticulum and the secretion of HBeAg (Ou et al. 1986). 
Unlike HBcAg, HBeAg is found free in serum, and is a 
useful and sensitive marker of the presence of 
ciculating virions.
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•*----- 22nm-------►

Fig. I. Model of hepatitis B  virus showing virion 
and non-infectious virol particles, 
adopted from Tiollais el al.(l98 l)
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2. The DN A molecule

The HBV genome consists of approximately 3200 base- 
pairs (bps), having the smallest genome of any known 
animal virus (Robinson et al. 1974). Despite its size/ 
the genome is complex. HBV DN A is circular and a large 
portion of the genome is single stranded. The extent of 
the single-stranded portion varies/ occupying from 15 
to 50 percent of the genome length in different mole
cules (Summers et al. 1975, Landers et al. 1977, Hruska 
et a 1. 1977) but having a favoured minimum length of 
650 to 700 bases + 20 percent (Delius et al. 1983).

There is a protein bound covalently to the 5' end of 
the complete strand of the HBV DNA which prevents 
phosphorylation of the strand (Gerlich et al. 1980).

2.1 The cohesive end region
The complete strand of the viral DN A is thus nicked at a 
unique site (map position 1826) 225 bps from the 5' end 
of the incomplete strand (Tiollais et al. 1985). When 
HBV DN A is made fully double stranded by the virion DN A 
polymerase reaction, a nick also remains in the short 
strand. Thus, HBV is regarded as having a linear genome 
in a circular conformation. There is an overlap region 
between the nicked strands and hence HBV DN A is said to 
have 'cohesive ends' (Satcler e t al. 1979). This con
cept is in accord with the finding, from nucleotide
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sequence data, that the coding of the virus occurs on 
one strand (Galibert et al. 1979). The sense direction 
of the nucleotide sequence was found to be 5' to 3' on 
the incomplete strand, making it the plus, non-coding 
strand (Galibert et al. 1982). Since the cohesive ends 
do not contain any open reading frame, linearisation of 
the genome should not disrupt any coding regions.
The cohesive end region is bound on both sides by an 11 bp 
direct repeat (DR) sequence (5'TTCACCTCTGC). One copy 
of this sequence, termed DR1, starts at nucleotide 1824 
while the otner, DR2, starts at nucleotide 1590. It is 
likely that these direct repeats have a biological role 
since they are conserved in all the hepadna viruses 
(Tiollais et al. 1985).

2.2 HBV genes
By correlating the amino acid sequences of HBsAg and 
HBcAg with the nucleotide sequence of HBV DNA, Galibert 
et al. (1979) were able to localise the genes coding 
for these two proteins. Two other putative open reading 
frame regions on the minus strand of the genome were 
named gene X and gene P (Figure 2).

Translation of the putative P gene would synthesise a 
protein with a molecular weight of the order of the DNA 
polymerases (Galibert et al. 1979). The HBV virion 
contains an endogenous DNA polymerase which functions 
to complete the single-stranded region of the DNA
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molecule by •longation from the 3' end of the short 
strand (Kaplan et al. 1973). Thus it has been suggested 
that the DNA polymerase found within the virion is 
coded by the P region. The putative reverse transcrip
tase could also be coded by the P region.

Fig. 2. Physical structure and proposed genetic organisation
of the HBV genome

(Tiollais et al. 1985)
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3. Replication of HBV
A model for the replication of the DHBV was recently 
suggested by Summers and Mason (1982a and b). According 
to their model, once the DHBV virion enters an hepato- 
cyte, the DHBV DNA is made fully double stranded. An 
RNA intermediate, or 'pre-genome', is then transcrioed 
from the fully double-stranded DNA. A DHBV DNA minus 
strand is then "reverse transcribed" from the RNA 
template. The latter template is degraded as the DNA 
elongates. Once the minus strand is complete, plus 
strand synthesis begins and is catalysed by the endoge
nous DNA polymerase. At some time during plus strand 
synthesis the immature cores receive a packaging sig
nal, hence synthesis of the plus strands is arrested at 
various stages of completion with the result that when 
the coated virions are exported, their plus strands are 
incomplete to varying degrees (Figure 3). Fowler et al. 
(1984a) confirm this model for HBV.
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Entry into cell ond

DNA templates 
for transcription

Immature core 
with pre-genome 
DNA polymerose (c?) 
and protein primer 

( « )

Transitional core 
with full length 
minus strand

Core with 
pockaging signal

Transcription

Packaging
Full length plus strand

T^Reverse transcription Pre "9 enome
of DNA minus strand 

degradation of pre-genome

Synthesis of plus strand 
and pockaging signal

| Cooting ond export

Fig 3. A general outline for the replication of the genome
of HBV-like viruses.

(Summers ond Mason 1982a)
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4. HBsAg subtypes
Different subtypes of HBsAg exist in various geographi
cal regions (Sobeslavsky 1978). Each virus subtype has 
undergone independent evolution (Fujiyama et al. 1983) 
but essential regions (and genes) are conserved. The 
surface antigen has three major antigenic regions:
'a', the group specific antigen, and two mutually 
exclusive, sub-type specific determinants , 'd'/'y' and 
'r'/'w' (Table 1). Thus HBsAg can be classified into 
four major subtypes: adr (South East Asia), adw 
(Africa), ayw (Middle East and Southern Europe) and ayr 
(no prevalence reported) (Szmuness 1978, Fujiyama 
et al. 1983).

Toble I. Major surfoce onligen subtypes

a d y

w adw a yw

r odr a yr
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Numerous individual amino acid differences exist 
between the subtypes and indeed, as Siddiqui et al. 
(1979) have shown, there are even differences between 
the same subtype. These alterations lead to differen
ces in the restriction maps of the respective genomes. 
However the main insertions and deletions are in multi
ples of three and so do not alter the reading frame of 
the DNA molecule. Adw differs from ayw in having six 
nucleotides inserted at position 2354 to 2359 and twel
ve inserted at position 2877 to 2888. In this latter 
region, position 2856 to 2888, subtype adr has an 
insertion of 33 bps. In addition, adr differs from ayw 
by having a 27 bp deletion in position 1791 to 1817 
(Ono et al. 1983, Figure 4). The clinical significance 
of the subtype differences is unknown.

(1791) (2856)
Odr -27 433

-i . k , — J
. 100 500 odw 1000 1 500 2 000 i ^ r

46 412 
(2354) (2 8 7 7 )

3188 

3182 

3 200

Fig < . Mojor differences between surfoce onligen subtypes
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5. Possible outcomes of HBV infection 
Most HBV infections progress to an acute attack of type 
B virus hepatitis (Kew 1979), which may or may not be 
icteric. The host usually clears the virus within a few 
months, becomes HBeAg and HBsAg negative and develops 
antibody to HBeAg (anti-HBc) and HBsAg (anti-HBs).
These antibodies impart immunity to reinfection (Fig. 
5).

Symptoms

AST

DNAP□

Fig. 5. Acute B~ virus hepatitis (Kew 1979)
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In a proportion of persons infected with HBV, HBsAg 
persists for six months or longer and, by definition, 
the patient is said to be a chronic carrier of the 
disease. Poorly understood immune defects and the 
relative youth of the individual at the time of primary 
infection enhance the probability of persistence. Imp
ortantly, although only 5 to 10 percent of infected 
adults aevelop chronic hepatitis, 90 percent of neo
nates infected perinatally become chronic carriers.
Other factors suspected of predisposing an individual 
to the carrier state are sex (there is a higher ratio 
of male to female carriers), possibly race (Blacks and 
Orientals have a higher incidence), and genetic factors 
(? familial disposition, Szmuness 1978).

Two major groups of chronic hepatitis B carriers 
have been recognised. The first group is characterised 
by the presence of active viral replication. Within the 
hepatocytes of a carrier with "replicative" disease, 
viral DNA is predominantly episomal - or, free within 
the liver cell nucleus (Brechot et al. 1981). The num
ber of copies of viral DNA is high in these carriers 
and several intermediate DNA forms, indicating viral repli
cation, are present. The viral DNA transcribes both the 
core and surface antigen genes and thus both complete 
viral particles as well as extra, non-infectious par
ticles are released into the serum. These patients are
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positive for viral DNA and HBeAg in serum (Hoofnagle 
et al. 1982). After several years, and sometimes foll
owing a period of raised aspartate transaminase (AST) 
and alanine transaminase (ALT) levels, the disease may 
evolve to a nonreplicative phase. In "nonreplicative" 
infection, integrated copies of HBV DNA in host cell
ular DNA predominate and only HBsAg is expressed. 
Although these carriers remain HBsAg positive, HBeAg 
and HBV DNA are not detectable in serum and complete 
virions are sparse or undetectable. Seroconversion from 
HBeAg to antibody to HBeAg (anti-HBe) is characteristic 
of spontaneous transition from replicative to non
replicative chronic HBV infection and is usually asso
ciated with a significant improvement in disease activ
ity and a fall m  serum concentrations of AST and ALT 
(Hoofnagle et al. 1981). Incomplete coat particles, 
reactive as HBsAg, are present in serum. Presumably 
HBsAg can be transcribed from the integrated viral 
sequences as certain human hepatocellular carcinoma 
cell lines which contain only integrated copies of HBV 
DNA also express only HBsAg (Figure 6).
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Replication

O O

Virol
-► Integration

o o

Fig 6. Virological and serological events during chronic
H BV  infection 

(Thomas etgl. 1984)

14



A percentage of carriers (0,1 percent of male 
carriers per year in the Taiwanese study of Beasley 
et al. 1981) progress further to hepatocellular 
carcinoma (HCC, Shafritz 1982). Since epidemiologic 
evidence suggests that it takes ten to thirty years for 
this progression to take place (Szmuness 1978, Beasley 
et al. 1981), individuals developing the carrier state 
early in life may be at greatest risk (Shafritz 1982). 
Figure 7 shows Shafritz's model of this progression to 
HCC. Most patients with HCC have predominantly non- 
replicative infection and are negative for HBeAg and 
HBV DMA in serum. Since HBV has not yet been propagated 
in replicative cell culture, most research on the mol
ecular relationship between HBV and HBV DNA in serum is 
currently confined to the study of human HCC cell lines 
that contain integrated copies of the HBV genome. The 
first of these cell lines, PLC/PRF/5, derived from a 
patient with HBV infection and HCC, has been extens
ively studied. It has been shown that the PLC/PRF/5 
cell line also only expresses HBsAg (Marion et al. 
1980b).
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Acute HBV infection-^
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1
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Fig.7 Model showing potential relationship between integration of 
HBV-DNA, cellular transformation and development of HCC 

(Shafritz 1982)
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Bearing in mind that there are carriers with levels 
of viral replication and expression between the two 
extremes described, and taking into account the 
sensitivity of Southern blotting for detection of minimal 
copies of either episomal or integrated HBV DNA, the 
fact remains that there does appear to be a certain 
level of HBV gene control during the natural history of 
the carrier state and in HCC. This dissertation inves
tigates this question of gene control in carriers with 
'high' and 'low' levels of HBV replication.

6. Gene control
In chronic carriers who no longer have markers of viral 
replication, HBsAg expression may persist. The source 
of HBsAg is assumed to be either selective transcrip
tion of episomal HBV DNA or transcription of integrated 
HBV sequences (Dejean et al. 1982). If the integrated 
viral DNA can transcribe the surface gene, why is the 
core gene, and hence HBeAg, not similarly expressed? 
Either the genetic code has been disrupted or the 
integrated viral sequences have been modified in vivo.
We examined these possibilities in order to plan our 
strategy for investigating gene expression in HBV 
infection.
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6.1 Genetic code disruption

The position on a DNA strand where transcription begins 
and ceases (hence defining the protein thus produced) 
is determined by coding principles. If either the DNA 
gene sequences or the regulatory sequences of a gene 
are altered during integration, that particular gene 
will not be expressed. This can happen in several ways. 
Both ordered and disordered integrations may occur 
which could cause critical fragmentations or disrupt
ions of portions of the HBV genome. This did not appear 
to have taken place in the integrated-HBV sequences 
cloned by Dejean et al. (1982) from a patient who had 
died of HCC. They found at least one genome equivalent 
of HBV DNA had been integrated into the cellular DNA 
without apparent rearrangement or deletion. Although 
HBsAg was not detected in poorly differentiated 
neoplastic liver cells from this patient by immuno- 
fluorescent staining, gene S was expressed when the 
cloned integrated sequences were transfected*into mouse 
LtK- cells (Dejean et al. 1982). Thus, the gene S (and 
any of its required promotor sequences) was intact but 
was not expressed in vivo in tumour cells.

Similarly, one of the four PLC/PRF/5 integrated-HBV 
sequences cloned by Koch et al. (1984) was found to 
have the putative HBcAg promotor and gene C sequences 
but, in this case, no expression of HBcAg was detected
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a^̂ -er transfection. In these examples tne genes appear 
to have been integrated intact but it is possible that 
integration could have altered their reading frames 
and/ in this way# changed the genetic code. Cnance 
restoration of the HBsAg reading frame could account 
for HBsAg expression when the Dejean cloned integrant 
was transfected into mouse cells and explain the 
failure of the cloned integrant to express HBsAg 
in vivo. Recombinant HBV genomes, derived by pasek from 
circulating virions, expressed HBcAg but not HBsAg m  
Escherichia coli (E. coli, Pasek et al. 1979). Since 
the genes for HBcAg and HBsAg are in different trans
lational phases, he reasoned that the situation could 
be reversed by constructing a new recomDinant DNA mole
cule in the correct reading frame for the HBsAg gene.
As predicted, after transfection into E. coli HBsAg, 
but not HBcAg, was expressed (MacKay et al. 1981).

If reading frame shifts are responsible for 
repression in vivo, one would expect integrations 
allowing the correct phase for core expression to occur 
at least some of the time. Unless, of course, integrat
ion is always at the same site of the HBV DNA molecule, 
which is possible but not yet proven.

Integration of a circular genome, such as HBV DNA, 
would result in linearisation. If the messenger-RNA (m- 
RNA) transcript of the core gene is greater than genome
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size, it could require covalently closed circular DNA 
for transcription (Tiollais et al. 1985). Gough and 
Murray (1982) speculate that the m-RNA of HBcAg does 
proceed via a precursor that is greater than the length 
of tne HBV genome. Also, two magor classes of poly (A)+ 
RNAs have been characterised in chimpanzee infected 
liver (Cattaneo et al. 1983 and 1984). Both classes are 
unspliced, polyadenylated at a common position and 
heterozygous at their 5' ends. A 2,1 kb transcript was 
found to encode the major S protein while a 3,5 kb RNA 
was found to be the message for the core protein.

Dejean's cloned integrated-HBV segment derived from 
HCC (Dejean et al. 1982) was 1,2 genome lengths. As 
more is learnt about the nature of integrated sequen
ces, the importance of m-RNA precursor size in vivo 
should become clearer.

6.2 DNA modification in vivo 
The mode of expression of HBV is complex and could 
involve many factors, acting either alone or -in combi
nation. Even if the genes and their regulatory 
sequences are not altered during integration, the viral 
DNA could be modified within the host cell and this too 
could affect transcription. Evidence is accumulating 
which suggests that eukaryotic cells control 
transcription by modifying (or in particular, methyl
ating) specific bases. The only modified base found in
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DNA of vertebrates is 5-methylcytosine (SmC, Razin and 
Riggs 1980). Human cellular DNA contains 3,6 to 4,4 per 
cent of 5mC (Gunthert et al. 1976). The conversion of 
cytosine to 5mC (Fig. 8) results in the introduction of 
a methyl group into an exposed position in the major 
groove of the DNA helix. The binding of proteins such 
as repressors, histones and hormone receptors to DNA is 
known to be affected by structural or conformational 
changes in the major groove of DNA.

ch3

Fig. 8. Structure of cytosine (left) and 5-methylcytosine (right)

The conventional form of DNA is the B form, but Behe 
and Felsenfield (1981) showed that methylated DNA as
sumes the Z form at physiological salt concentrations. 
An alteration from a B to a z form of DNA may be the 
mechanism by which methylation suppresses gene

21



activity. However, it is not certain whether the 
methylated bases constitute signals in their own right 
or whether their signal effect is mediated by altering 
the structure of DNA (Doerfler 1984).

Active chromatin has been found in many cases to be 
hypomethylated. A large number of publications report 
an inverse relationship between gene expression and the 
state of methylation of a gene. Groudine et al. (1981) 
examined two endogenous retrovirus loci in chick cells, 
ev-3 (a transcriptionally active gene) and ev-1 (an 
inactive gene), which differed in that ev-3 was hypo- 
methylated. Exposure to 5'-azacytidine however, which 
inhibits methylation, resulted in hypomethylation and 
subsequent transcriptional activation of ev-1. 5'- 
azacytidine inhibits methylation in two ways:
i. It can be incorporated into replicating DNA and, due 
to its chemical structure, the cytidme moiety cannot 
be methylated.
ii. It has the ability to inhibit DNA methyl transfer
ases (Jones et al. 1982).

Sutter and Doerfler (1980) report that 
adenovirus type 12 DNA integrated into the genome of 
transformed cells, is extensively methylated at Hpall 
sites whereas purified virion DNA is not. Furthermore, 
adenovirus genes integrated in cell lines expressing 
late viral proteins are undermethylated when compared
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to the state of these genes in cell lines that do not 
synthesise these products.

Desrosiers (1982) found DNA from herpes saimiri 
virions to be sligntly methylated or not at all whereas 
specific viral genes in virus transformed cell lines 
were methylated.

7. Methylation in HBV infection
Two studies (Yoakum et al. 1983, Millar and Robin

son 1983) have suggested that HBcAg expression is 
regulated by methylation. Yoakum and co-workers trans
fected human cells with a plasmid containing a subgeno- 
mic fragment of HBV that contained the core antigen 
gene. After selecting for transformants and establisn- 
ing these cell lines, no core expression was observed. 
They then tested the response of one of these cell 
lines to 5'-azacytidine treatment and reported that, 

ter treatment, greater than 90 percent of cells 
expressed HBcAg as shown by immunofluorescent assays. 
They conclude that metnylation is responsiole for core 
gene repression.

Millar and Robinson determined the state of methyl
ation of HBV DNA in virions and a virus infected tissue 
and found that, in both cases, the DNA was hypomethyl- 
ated. However, HBV DNA extracted from PLC/PRF/5 cells 
was found to be hypermethylated. The authors conclude
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that methylation of critical sites within integrated 
HBV DNA may account for the differential expression of 
the viral surface and core genes in the PLC/PRF/5 HCC 
cell line.

8. Our strategy
These, and many similar experiments which correlate 
methylation of integrated viral sequences with gene 
repression in viral infections, led us to investigate 
the role of methylation in gene control in HBV infec
tion. We examined the state of methylation of HBV DNA 
in HBV carriers with or without replicative infection, 
in the PLC/PRF/5 cell line and in patients with HCC.
The strategy we used for analysing methylation and gene 
control was that of specific restriction endonuclease 
mapping of integrated and episomal HBV DNA using two 
enzymes which differ in their ability to cleave methy
lated cytosine. Restriction endonucleases are site 
specific enzymes which recognise and cleave DNA at 
specific nucleotide sequences. In particular, both the 
restriction endonucleases MspI and HpalI cut the se
quence CCGG. However, methylation of the internal cyto
sine base renders the sequence resistant to HpalI endo
nuclease digestion but not to MspI digestion (Waalwijk 
et al. 1978). Using the techniques of DNA extraction, 
restriction endonuclease digestion, agarose gel
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electrophoresis and Southern blotting (Figure 9/ see 
Chapter 2 for details), the restriction patterns ob
tained using these two enzymes were compared. Fewer 
bands and larger molecular weight fragments obtained 
after digestion with Hpall, as compared with the 
pattern after digestion with Mspl, indicate an inabili
ty to cleave CCGG, and hence methylation of the 
internal cytosine.
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CHAPTER II MATERIALS AND METHODS

A total of thirty-nine specimens were analysed (Table 
2). Neoplastic and surrounding non-neoplastic tissue 
from patients with HCC was frozen immediately postmor
tem or after surgical removal and stored at -7£3°c. The 
latter specimens were small hepatocellular carcinomas 
resected in asymptomatic carriers with nonreplicative 
HBV infection whose tumours were diagnosed as a result 
of elevated serum alpha-fetoprotein concentrations 
during clinical follow up. PLC/PRF/5 cells explanted in 
nude mouse were obtained from J. Alexander and S. 
Aspinall (Medunsa/ South Africa). Percutaneous liver 
biopsy specimens were obtained from selected chronic 
carriers with replicative HBV infection prior to their 
treatment with recombinant alpha-interferon.
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TABLE 2:

MATERIALS

37 tissue specimens analysed:
35 of the specimens were from HBsAg-positive patients.

a. 29 histologically proven hepatocellular carcinoma
(HCC).
15 adjacent non-neoplastic tissues from these 
patients with HCC.

b. PLC/PRF/5 HCC cell line.
c. 7 percutaneous liver biopsy samples from patients 

with chronic hepatitis B.

2 serum samples:

d. 2 serum samples from patients with chronic hepatitis B.

15/39 of the HBsAg-positive patients were HBeAg positive
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1. Tissue DNA extraction
Grossly visible tumour tissue was carefully separated 
from non-neoplastic tissue to minimise contamination of 
tumour and non-neoplastic tissue. Biopsy specimens were 
chopped directly into a sterile eppendorf tube. Larger 
tissue samples (approximately 500 milligrams, mg) were 
placed in 50 milliliter (ml) Falcon tubes half-filled 
with liquid nitrogen and homogenised under liquid nit
rogen to a fine powder. The liquid nitrogen was then 
allowed to evaporate. Samples were then digested at 
37°C overnight with Proteinase K at 100 micrograms 
(jig)/ml (Boehringer Mannheim) in lysing solution [2 
percent weight/volume (w/v) sodium dodecyl sulphate 
(NaDodSO^), 0,05 Molar (M) ethylene diamine tetra
acetate (EDTA), 0,2 M sodium chloride (NaCl), 0,1 M 
Tris hydrochloride (Tris-HCl), pH 8,2] followed by 
three phenol/chloroform extractions. The phenol was 
equilibrated with T.E. buffer [10 millimolar*(mM) Tris 
in 1 mM EDTA, pH 8] containing 0,1 percent (w/v) 8- 
hydroxyquinoline and 0,2 percent volume/volume (v/v) 
mercaptoethanol. RNA was removed by digestion with 
pancreatic ribonuclease at 100 yug/ml (Boehringer 
Mannheim) for one hour at 37°C. After further phenol 
/chloroform extraction, larger samples were purified by 
dialysis at 4°C against T.E. buffer while smaller
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samples were passed through an Elutip-d (Schleicher and 
Schuell) column according to the maker's instructions. 
This extraction procedure yielded from 20 pg (biopsy 
samples) to more than 600 ̂ ug of total cellular DNA.
HBV virion DNA was extracted from approximately 40 ml 
of serum using the same protocol as for tissue except 
that after dialysis DNA was concentrated by ethanol 
precipitation: For all DNA precipitations one-fifth 
volume of 10,5 M ammonium acetate and two and a half 
volumes of ice-cold, 100 percent ethanol were added to 
the aqueous phase. After centrifugation at 12000 g 
(where "g" is the acceleration due to gravity), the 
pellet was then resuspended in T.E. buffer to an esti
mated concentration of 1000 picograms/microliter 
(pg /p l ) . The single-stranded region of the HBV DNA was 
made douDle stranded by the DNA polymerase reaction 
using 2,5 units of DNA polymerase I (Klenow fragment, 
Boehringer Mannheim) in 50 mM Tris-HCl (pH 7,5), 5 m« 
Magnesium Chloride (MgC^) and 50 mM nuclease free 
bovine serum albumin (BSA) containing the four deoxy- 
nucleotide triphosphates (dNTPs, final concentration 20 
microMolar) for fifteen to twenty minutes at room temp
erature. The reaction mixture was then phenol/ 
chloroform extracted and ethanol precipitated as before 
except that the pellet was resuspended in one-tenth 
volume of T.E. buffer to give an estimated DNA
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concentration of 10 nanograms (ng)/|jl. Reverse tran
scriptase enzyme was then used to convert any residual 
single stranded regions to douole-stranded DNA accord
ing to the protocol of Sattler and Robinson (1979). 
Each reaction mixture contained 100 ng HBV DNA, 2,5 mM 
dNTPs, 50 mM Tris-HCl (pH 8,3), 40 mM potassium chlor
ide, 6 mM MgCl2 » 0/1 mg/ml BSA and five units of avian 
myeloblastosis reverse transcriptase (Boehringer Mann
heim). The solution was incubated at 37°C for two 
hours. After further phenol/chloroform extraction, 
dialysis and ethanol precipitation the pellet was 
resuspended to an estimated concentration of 1 ng/yul. 
Twenty-five ng were used subsequently for each digest.

2. Restriction endonuclease analysis 
Each DNA sample was digested with the restriction endo
nucleases Hpall (Boehringer Mannheim), MspI (New Eng
land Biolabs), and Hindlll (Boehringer Mannheim). The 
buffers recommended by Maniatis et al. (1982)“ were used 
for Hpall [low salt buffer: 10 mM Tris-HCl (pH 7,5), 10 
mM MgCl2 and 1 mM dithiothreitol (DTT)] and Hindlll 
[medium salt buffer: 50 mM NaCl, 10 mM Tris-HCl (pH 
7,5), 10 mM MgCl2 and 1 mM DTT]. The MspI reaction 
buffer recommended by Bethseda Research Laboratories 
[ BRL, 50 mM Tris-HCl (pH 8,0), 10 mM MgCl2 and 1 mM 
DTT] was found to give the best results and was thus
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used for all Mspl digestions. Nuclease free BSA (100
yjg/ml) was added to all restriction digests. In a 
typical digestion protocol three units of restriction 
endonuclease were added per microgram of DNA and the 
reaction incubated at 37°C overnight. Completeness of 
digestion was monitored by adding a microgram of 
bacteriophage 0X174 DNA (New England Nuclear) to a 10 

aliquot of each incubation mixture and verifying by 
electrophoresis that the required phage cleavage pro
ducts were present. After digestion, the DNA was loaded 
into the slots of a 1 percent agarose gel (brl electro
phoresis grade) and electrophoresed at 30 Volts over
night in 89 mM Tris, 89 itiM boric acid and 2,5 mM EDTA 
(pH 8,3). Two to twenty micrograms of total cellular 
DNA per gel lane were used, depending on the copy 
number of HBV DNA per genome present. The DNA was 
transferred to a nitrocellulose filter by the method of 
Southern (Figure 10, Southern 1975, Wahl et al. 1979). 
Prior to Southern blotting, the DNA was not hydrolysed 
by acid depurination but was immediately denatured by 
gentle agitataion for one hour at room temperature with 
0,5 M sodium hydroxide in 1 M NaCl. It was then 
neutralised, at room temperature, for a further hour 
with 0,5 M Tris in 3 M NaCl (pH 7,4). Transfer to 
nitrocellulose was in 20X SSC (IX SSC is 0,15 M NaCl in 
0,015 M sodium citrate).
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Fig. 10. Method for transfer of DNA from agarose gel 
to nitrocellulose filter poper

After prehybridisation, the filter was hybridised for 
twenty-four hours at 37°c to 32P-labelled, nick- 
translated, pAMl2 HBV DNA (Rigby et al. 1977). A typi
cal labelling reaction contained 0,5 yug of HBV DNA in 
nick-translation buffer [5 yug/ml BSA in 52,5 mM Tris- 
HC1 (pH 7,5) and 5,25 mM MgCl2] containing 20 micro
molar of unlabelled deoxyadenosine triphosphate, deoxy- 
guanosine triphosphate, and deoxythymidine triphos
phate. To this was added 10 yul (33 picomoles) of [32P] 
deoxycytidine triphosphate (dCTP, specific activity 
3000 Curies/millimole Amersham, U.K.) and 7 yul of 
enzyme solution (this contains 3,5 units of DNA poly
merase I and 70 pg DNAse I). The final volume of 50 j i l
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was made up with sterile double-distilled water.
[32pj dCTP incorporation was monitored by measuring the 
specific activity of a 0,5 yul aliquot before and after 
trichloroacetic acid precipitation. The HBV DNA probes 
were nick-translated to a specific activity of 1-2 X

Q10° counts per minute (cpm) per microgram of HBV DNA. 
Hybridisations were performed in 50 percent (v/v) form- 
amide, 5X SSC, IX Denhardt's solution (0,02 percent 
(w/v) each of ficoll, polyvinyl pyrollidone and BSA in 
3X SSC), 20 mM sodium phosphate buffer (pH 6,5), 10 
percent (w/v) sodium dextran sulphate and 100 yug/ml 
denatured sonicated carrier DNA.

Recombinant HBV probe for these studies, pAM12 (a 
gift from the laboratory of J. Gerin, Rockville MD 
USA), contains the complete HBV genome (subtype adw) 
cloned into pBR325 at the Eco Rl site. Purified HBV 
probe was separated by electrophoresis and subsequent 
elctroelution (80 milliamps for one hour) from the gel 
slice (Sigma Type IV) after release by Eco Rl 
(Boehringer Mannheim) digestion.

After transfer and hybridisation, the nitrocellu
lose filter was finally washed five times at 65°C with 
2X SSC in 0,1 percent NaDodS04 and three times at 37°C 
with 0,1X SSC in 0,1 percent NaDodS04. Filters were 
then exposed to X-ray film for 2 to 7 days at -70°C 
using an intensifying screen and the autoradiograms

33



obtained were then examined.

3. Copy number screening
DNA from carriers with nonreplicative infection and pa
tients with HCC was first screened for the copy number 
of HBV per haploid genome since the Southern blotting 
technique has a reported sensitivity of one copy per 
genome. Copy number was estimated by spotting a sample 
of total cellular DNA onto nitrocellulose paper in 
increasing concentrations (1 to 25 pq) together with 
purified HBV DNA (1 to 100 pg), as a standard. As a 
control, PLC/PRF/5 DNA was also included on each paper 
as it has a published copy number of four to six ge
nomes per haploid mammalian cell DNA equivalent (Marion 
et al. 1980b and Edman et al. 1980). After hybridisa
tion, washing and autoradiography, HBV DNA copy number 
could be assessed visually. A more accurate assessment 
was made by cutting out the circles on the filter and 
measuring the radioactivity of each spot by scintilla
tion counting. From the graph of cpm plotted against pg 
of HBV DNA standard, the quantity of HBV DNA in pico- 
grams of HBV DNA per microgram of total cellular DNA 
could be extrapolated and from this the copy number was 
calculated.
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CHAPTER III RESULTS

Carriers in the early phase of chronic hepatitis B are 
HBV DNA and HBeAg positive in serum and have episomal 
HBV DNA in high copy number in liver cells (Kara et al. 
1982). Long-standing carriers are usually HBeAg nega
tive and anti-HBe positive and have predominantly inte
grated HBV DNA with a lower copy number per cell 
(Brechot et al. 1981, Di Bisceglie and Hoofnagle,
1986). Early in the study it was realised that samples 
of DNA from long-standing carriers needed to be tested 
for HBV DNA copy number prior to analysis by Southern 
blotting. Thus we initially screened all samples from 
HBeAg-negative patients and patients with HCC (most of 
whom are HBeAg-negative) to determine whether Southern 
blotting would be sufficiently sensitive to analyse 
methylation. Southern blots were performed whenever the 
copy number was found to be 0,2, or greater, so as not 
to exclude any specimens amenaole to further study. The 
simple dot blot method outlined below proved reliable, 
as born out by the intensity of the signals obtained in 
subsequent Southern blots, in our hands, the "cut-off" 
point for Southern blot analysis was found to be 
approximately 0,6 copies per haploid cell genome.
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1. Copy number calculation
HBV DNA copy number was assessed visually by examining 
the autoradiograph obtained after dot clot analysis. 
Figure 11, a representative autoradiograph, illustrates 
this procedure. The signals obtained with dilutions of 
a recombinant HBV-DNA standard (top row; 1, 2, 5, 10,
25, 50, and 100 pg, reading left to right) can be com
pared to the signals obtained with extracted HBV DNA 
from the PLC/PRF/5 HCC cell line (bottom row) and six 
infected liver tissues (1, 2, 5, 10, 15, 20, and 25yug 
of total cellular DNA, reading from left to right). HBV 
DNA copy number was measured by cutting out the circles 
on the nitrocellulose filter and measuring the radio
activity of each spot by scintillation counting. A 
standard curve was constructed by plotting the cpm per 
spot against the picograms of HBV DNA standard spotted. 
The amount of HBV DNA in picograms per microgram of 
total cellular DNA in unknown samples was extrapolated 
from the standard curve and converted to copy number 
per haploid cell genome by the following calculation: 

The haploid human genome contains 3 X 106 kbp, thus one 
human genome would weigh 3,3pg (since 1 kb = 6,6 X 105 
daltons, 1 dalton = 1,67 X 10-24g). Similarly, the 3,2 
kbp of the HBV genome weigh 3,53 X 10“6 pg. Thus, 3,53 
X 10“6 pg of HBV for every 3,3 pg total cellular DNA is 
equivalent to 1 copy of HBV DNA per haploid cell genome.
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• •

HBV Standard 
ION (0,7)
IOT (2,0)
4T (0,3)
9T (3,0)
KI4T (0,1)
C3 (0,6)
PLC/PRF/5 (5)

Figure 11:
Dot blot analysis of HBV-specific DNA for copy number 
determination.

In the example shown above calculated values of 
copy number of HBV per haploid cell genome are given in 
brackets. Analysable Southern blots were obtained from 
specimens 10N (0,7 copies), 10T (2 copies), 9T (3 
copies) and C3 (0,6 copies). Both 10N and C3 gave weak 
signals as expected.
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It was not necessary, for our purposes, to determine 
copy number of the HBeAg-positive carriers. In only one 
anti-HBe positive carrier did the HBV DNA copy number 
permit Southern blot analysis. This preliminary screening 
for copy number of HBV DNA in HCC revealed that 79 
percent (7/9) of the specimens obtained from serologi
cally HBeAg-positive patients and 50 percent (10/20) of 
the specimens from serologically HBeAg-negative pa
tients had sufficient HBV DNA to permit further analy
sis. The majority of the corresponding non-neoplastic 
tissues from patients with HCC had a copy number less 
than one. For this reason, a comparison of the state of 
methylation in neoplastic and non-neoplastic tissue 
from the same patient was possible in only one patient 
(Table 3).

TABLE 3:

HBV DNA COPY NUMBER IN CHRONIC HBV INFECTION AND HCC

O fo u p M S e A g  etatut N u m b e r  a n a ly z e d C o p y  n u m b e r  ^ 0 / 6

C h ro n ic  HBV N e g a tiv e 3 1

H C C Positive 9 7

H C C N e g a tiv e 20 10

N o rv n e o p lo s tic Positive 2 1

N o rv n e o p lo s lie N e g a tiv e 13 1
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2 . Integration
Total cellular DNA, with sufficient HBV DNA, was diges
ted with Hindl11 to determine whether the HBV DNA was 
episomal or integrated. H i n d m  recognises no site in 
HBV DNA. Thus by comparing the size of HBV-specific DNA 
before and after Hindl11 digestion with the migration 
position of extrachromosomal; HBV DNA, the integration 
status of HBV-DNA fragments and molecules can be estab
lished (Shafritz 1982). If HBV-DNA sequences are not 
integrated, the same banding pattern will be produced 
before and after Hindill digestion and all fragments 
will be genome size (3,2 kb) or smaller. In contrast, 
if HBV DNA is integrated at specific sites in the host 
DNA, the undigested material appears as a high molecu
lar weight smear before digestion with H i n d m  whereas 
after digestion, a specific electrophoretic banding 
pattern is obtained. All bands, both before and after 
digestion, are greater than 3,2 kb. If integration 
sites into tne host cell DNA are random, tne smear 
remains after digestion but tne cleavage products will 
still all be greater than HBV genome size as the genome 
itself is not cleaved. The only exception would be if 
an integrated portion of HBV DNA was detected in a 
fragment of cellular DNA shorter than 3,2 kb (Figure 
12) .
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3,2kb

Extrochromosomal
HBV-DNA

. Super-
circle coiled

O o o o

Integrated
HBV-DNA

Uncut Hind III

Fig. 12. Strategy for Hind III onalysis of HBV-DNA 
(Shafritz 1982)

2.1 HBV DNA status in replicative infection 
Only episomal HBV DNA was detected in Dane particle DNA 
extracted from the serum of HBeAg-positive chronic 
carriers. When undigested, the HBV-specific DNA (Figure 
13, lane 4), gave a smear which extended from 4,0 to 
1,9 kb (heterogenous partially double stranded DNA 
forms). This smear did not move after digestion with 
H indl 11 (lane 1), but bands appeared at 4,0 kb (re
laxed circlular HBV DNA) and 3,2 kb (linear HBV DNA).
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C 8

1 2  3 4

Figure 13:
Patient C8 - Southern blot analysis of HBV DNA in serum.
All HBV-specific DNA is genome size and smaller in 
undigested (lane 4) and Hindlll digested (lane 1) DNA, 
extracted from serum of a replicative carrier; indicat
ing that the HBV DNA is all episomal. The Hpall digest 
(lane 2) is identical to the MspI digest (lane 3) and 
this indicates that the HBV-specific DNA is hypomethylated.
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The same pattern, indicating predominantly episomal HBV 
DNA, was found in the liver tissue of the HBeAg- 
positive patients studied (Table 4). The undigested 
pattern of the free viral DNA (not shown) showed a 3,2 
kb band (this band was at 4,0 kb in one patient - 
Figure 14, lane 3) with two smears of DNA which covered 
the ranges 2,8 to 2,0 kb (partially double stranded 
forms) and 1,6 to 0,4 kb (single minus stranded repli
cative intermediates).

TABLE 4:
HBV DNA STATUS IN CHRONIC HEPATITIS B AND HCC

Tissue N um ber H B eA g status C ellula r HBV DNA

Chronic hepatitis A - 4- episomal

Chronic hepatitis 1 Integrated and episomal

HCC 2 4 Integrated

HCC 2 4 Integrated and episomal

HCC 2 episomal

HCC 7 - Integrated
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C4
I 2 3 

kb
9,6-

Figure 14:
Patient C4 - Southern blot analysis of infected liver 
tissue from a serum HBeAg-positive carrier snowing 
undigested free viral DNA (lane 3) which is hypomethy- 
lated since lane 1 (Hpall digest) is identical to lane 
2 (M spl digest).
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2.2 HBV DNA status in non-replicative infection
The autoradiograph of the Hindlli digested HBV- 
specific DNA from the one analysable anti-HBe positive 
patient (Figure 15, lane 1) shows a smear, greater than 
HBV genome size extending to a band at 4,0 kb (relaxed, 
circular HBV DNA). Thus, both episomal and integrated 
HBV DNA is present in this carrier.
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C3
I 2 3

Figure 15:
Patient C3 - Southern blot analysis of integrated and 
episomal (see HindiII digest/ lane 1) HBV-specific DNA 
from a~*serum anti-HBe positive carrier. The weak signal 
in the Hpall (lane 2) and MspI (lane 3) digests make 
conclusions on methylation status of HBV-specific 
CCGG sites difficult in this patient.
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2.3 HBV DNA status in serum HBeAg-positive HCC 
Two of the serologically HBeAg-positive HCC tissues 
showed both episomal and integrated HBV DNA while in 
another two samples only integrated HBV DNA was detec
ted (Table 4). In both cases where episomal and integ
rated species were simultaneously present/ integration 
was specific and low level viral replication was evi
dent. Both high (greater than 9 kb) and low (3,5 - 1,6 
kb) molecular weight smears in the undigested DNA 
(Figure 16, lane 4) are replaced by specific bands 
after Hindlli digestion (lane 1). some of these bands 
are greater than genome size (integrated sequences) 
while others are genome size and smaller (episomal HBV 
DNA). The H indl11 analyses of the two patients where 
only integrated sequences were present revealed that 
integration was random in one case but specific in the 
other. Undigested HBV-specific DNA from the latter 
(Figure 17, lane 4) appeared on the Southern blot as a 
high molecular weight smear whereas after Hindl11 
digestion (lane 1) specific bands, larger than genome 
size, were seen with one distinct band at approximately 
2,0 kb. This band is probably from a smaller than 
genome size integrated fragment.

Three tumours were omitted from integration analy
sis as poor quality DNA obscured their integration status.
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Figure 16:
Patient K2T - detection of both episomal and 
specifically integrated HBV DNA in a serum HBeAq-positive 
HCC patient. The appearance of distinct bands in tne 
Hinaill digest (lane 1) indicates that integration is 
specific. DNA extracted from the tissue was also run 
undigested (lane 4) and digested with Hpall (lane 2) or 
Mspl (lane 3).
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kb

0,8 -

Figure 17;
tient K6T - specific integration and hypermethylation 

of HBV-specific DNA in a serum HBeAg-positive HCC patient. 
Specific integration is evident from a comparison of 
undigested (lane 4) and HindiII digested (lane 1) HBV- 
specific DNA. High molecular weight bands present in 
the HpalI digest (lane 2) but not the Mspl digest (lane 
3) indicate that the viral DNA is hypermethylated.
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2.4 HBV DNA status in serum HBeAg-negative HCC 
In two serologically HBeAg-negative HCC tissues only 
episomal HBV DNA was detected, integrated copies were 
not visible on the Southern blot (Figure 18). The 
undigested HBV DNA (lane 4) shows a smear of genome 
size and smaller. The Hindlll digest (lane 1) has the 
same pattern although the band at 4,0 kb (relaxed 
circular HBV DNA) is clearer.

In the remaining seven HBeAg-negative tissues only 
integrated HBV DNA was detected (Figure 19). Here the 
pattern was characteristic of randomly integrated HBV 
DNA in that a heavy smear of HBV-specific DNA, greater 
than genome size, is seen in both undigested (lane 4) 
and HindiII digested (lane 1) lanes on the autoradio
graph.

One tumour, found to have a copy number of 0,8, was 
received too late in the study to be included in 
further analyses.
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kb

Figure 18:
Patient K10T - episomal and hypomethylated HBV-specific 
DNA in a serum HBeAg-negative HCC patient. Only episomal HBV 
DNA is evident from a comparison of the H i n d m  digest 
(lane 1) with the undigested DNA (lane 4!). The HBV- 
specific DNA was hypomethylated as the restriction 
pattern after the Hpaii digestion (lane 2) is identical 
to that obtained after digestion with MspI (lane 3).
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K8T
I 2 3 4

Figure 19:
Patient K8T - random integration (compare undigested 
HBV specific DN A in lane 4 with the H indl 11 digest in 
lane 1) and hypomethylation (compare Hpall digest in 
lane 2 with"Mspi digest In lane 3) of HBV-specific DNA 
in a serum HBeAg-negafive HCC patient.
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3. Methylation
To determine whether HBV-specific CCGG sites were 
methylated, the restriction patterns after digestion 
with HpalI and MspI were compared. Fewer bands and 
larger molecular weight fragments obtained after diges
tion with HpalI indicated CCGG site methylation and 
hence resistance to Hpall digestion (Figure 20).

Interpretation

M.W.

''

Msp I Hpa 11
Digest Digest

indicates
-----  uncleaved

CmCGG sites
indicates

-----  unmethylated
CCGG sites

indicates
cleaved
sites

CmCGG

Fig. 20. Interpretation of Msp I/Hpa II restriction maps
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3.1 Hypomethylation in replicative infaction 
The state of inethylation of HBV-specific CCGG sites 
in DNA from HBeAg-positive carriers was examined in 
both liver tissue and in serum. The Dane particle 
derived HBV DNA extracted from serum of a replicative 
carrier was hypomethylated (Figure 13) as the Hpall 
digest (lane 2) was identical to the Mspl digest (lane 
3). This identical pattern was also obtained when 
infected liver tissue from serologically HBeAg-positive 
carriers was examined (Figures 14 and 21/ lanes 1 and 
2). Smearing in the lanes of Southern blots from these 
patients is caused by the presence of HBV replicative 
intermediates i.e. heterogenous partially double stran
ded DNA forms and single/ minus strand DNA.

TABLE 5:
M ETHYLATION OF HBV IN CHRONIC HEPATITIS B

N u m b e r N on-m ethylated HBV D N A  Status

HBeAg-positive 4 4 4/4 Episomal

HbfcAg-negative 1 1 1/1 integrated and episomal
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Figure 21;
Patient C6 - Tissue from a serologically HBeAg positive 
carrier - replicative intermediates obscure the banding 
pattern.
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3.2 Nonreplicative infection

In the long-standing chronic hepatitis B carriers with 
nonreplicative infection which we examined/ viral DNA 
copy number was frequently low and therefore the role 
of methylation in influencing HBV gene expression was 
difficult to ascertain (Table 5). When infected cells 
are few, the problem of decreased sensitivity inherent 
in the use of pooled cellular nucleic acid is difficult 
to overcome in Southern blot analysis. Figure 15 shows 
the weak. HBV-specific signal obtained in the Hpall 
(lane 2) and MspI (lane 3) digests of DNA from a sero
logically HBeAg-negative carrier. The Mspl and HpalI 
digests appear identical but the signals are faint. For 
this reason the DNA from tissue of HBV-related HCC 
patients was studied in the expectation that clonal 
amplification of tumour cells infected with HBV DNA 
would make analysis feasible.

3.3 Hypermethylation in'HCC
Hypermethylated HBV DNA was found in the PLC/PRF/5 HCC 
cell line and in six tumour tissues (Table 6). Three of 
these tumour tissues were from serologically HBeAg- 
positive patients. In all three, integrated HBV DNA was 
detected but only one had traces of episomal HBV DNA. 
Figure 17 shows the typical hypermethylated pattern 
with higher molecular weight bands in the Hpall digest 
(lane 2) which are not present in the MspI digest (lane
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3). The other three tumour tissues showing hyper- 
methylation were from serologically HBeAg-negative 
patients and had only integrated HBV-DNA sequences. 
Although the signal from patient K9T (copy number 2/5) 
was weak (Figure 2 2 ) ,  the pattern was reproducible. The 
Hpall digest (lane 2) shows a distinct/ high molecular 
weight band at the 6 kb position which is not present 
in the MspI digest (lanes 3) whereas the Mspl digestion 
resulted in a series of additional bands at about 1/9 
kb. Hypermethylation can also be seen in tumour 10T 
(discussed in section 3.5) and 9T (Figure 23).

TABLE 6:
METHYLATION OF HBV DMA IN HOC

N u m b e r H BeAg ipifcom al Integrated
positive HBV HBV

Methylated 6 3 1 6

Noh-methytoied 5 1 3 3
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K9T
12 3 4

Figure 22:
Patient K9T - integrated and hypermethylated HBV- 
specific DNA in a serum HBeAg-negative HCC patient. 
Integra tion is random (compare undigested sample in 
lane 4 with the Hindlll digest in lane 1). A high 
molecular weight band is present only in the Hpall 
digest (lane 2) while several smaller bands/ in the 
region of the 1/9 kb lambda size marker/ are present in 
the Mspl digest (lane 3).
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Figure 23;
Patient 9T - hypermethylated HBV-specific DNA. Total 
cellular DNA was digested with H pa 11 (lane 1) and MspI 
(lane 2) or run undigested (lane 3).
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The restriction maps obtained with DNA extracted 
from PLC/PRF/5 nude mice tumour explants were compared 
to published restriction maps (Miller and Robinson, 
1983) for the PLC/PRF/5 cell line. The tumour tissue 
has intense bands in both MspI (Figure 24, lane 2) and 
Hpall (lane 1) digests at approximately 8,5 kb and 3,0 
kb but the Hpall digest has additional bands between 
these common bands. The tumour tissue also shows a 
smaller band, less than 0,8 kb, in only the MspI lane 
(Figure 25). Thus we could confirm methylation of 
PLC/PRF/5 cells. The first example (Figure 24) shows 
the additional high molecular weight bands in the Hpall 
digest more definitely while the second example (Figure 
25) shows the smaller band in the MspI digest more 
clearly.
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3,5

1,9

1.4

0,8

Figure 24;
PLC/PRF/5 - hypermethylated HBV-specific DNA. The 
tumour tissue has intense bands in both MspI (lane 2) 
and Hpall (lane 1) digests at approximately 8,5 kb and 
3/0 kb while the HpalI digest has additional bands 
between these common bands. Lane 3 is undigested HBV- 
specific DNA from this cell line.
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PLC/PRF/5 
I 2 3

Figure 25;
Southern blot analysis of the PLC/PRF/5 HCC cell line.
A low molecular weight-band (£),& kb) is present only in 
the MspI digest (lane 2) while high molecular weight 
bands are present only in the HpalI digest (lane 1). 
Lane 3 is undigested HBV-speci^ic DNA.
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3.4 Hypomethylation in HCC 
Five of the tissues showed a hypomethylated pattern 
(Table 6). One of these, IT, was a special instance; 
although this patient was HBsAg negative in serum, HBV 
DNA was detectable in tumour tissue (Figure 26). The 
HBV DNA in this patient was hypomethylated as seen by 
the identical Hpall (lane 1) and MspI (lane 2) digests.

Three of the tissues with hypomethylated HBV DNA 
were serologically HBeAg negative. The Hindi!I dig
estion pattern of two of these indicated that only 
episomal HBV DNA was present, no integrated HBV DNA 
sequences were visible (Figure 18). Thus, since the 
restriction pattern seen was only that of excess 
episomal HBV DNA, one might anticipate hypomethylated 
HBV DNA as was observed (Figure 18). The third of the 
serologically HBeAg-negative specimens showed only 
integrated HBV DNA sequences (Figure 19) and these were 
hypomethylated. The fifth hypomethylated tumour was 
from an HBeAg-positive patient who had both episomal 
and integrated HBV DNA (Figure 27).

Two tumours were excluded from the methylation 
study as their methylation status was unclear.
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kb

1,4-

Figure 26:
Patient IT - hypomethylated HBV-specific DNA in a 
HBsAg-nega tivie HCC patient  ̂ Extracted DNA was dig 
with HpaII (lane 1) and MspI (lane 2) or was not 
digested Tlane 3).

serum
ested
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1 2  3 4

Figure 27:
Patient K3T - episomal, integrated and hypomethylated 
HBV DNA In a serum HBeAg-positive HCC patient. DN A extracted 
from this tissue was run undigested (lane 4 ) or  
digested with Hpall (lane 2), MspI (lane 3) and Hindlll 
(lane 1).
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3.5 Comparison of methylation status in tumour versus
adjacent non-neoplastic tissue 

Wherever tissue was available, we attempted to compare 
the state of methylation in tumour tissue with that in 
adjacent non-neoplastic tissue. However, only one of 
the 15 adjacent segments of non-neoplastic tissue (10N) 
was assessable. The Hpall (lane 3) and Mspl digests 
(lane 4) were identical in this instance, indicating 
that the HBV DNA in this non-neoplastic tissue was 
hypomethylated (Figure 28). Two bands (one at approxi
mately 2,0 kb and the other at 1,6 kb) were present in 
both digests. Neither of these bands were present in 
the digests of the tumour tissue from the same patient. 
This result was interesting not only because the HBV 
DNA restriction analysis of the corresponding 
tumour tissue was totally different, but also because 
the HBV DNA was hypermethylated in the tumour (Figure 28) 
Tumour HBV-specific DNA digested with Hpall (lane 1) 
has high molecular weight bands at 4,0 kb and approxima
tely 2,5 kb which are not present in the same DNA 
digested with Mspl (lane 2). Also present are four 
common bands of 1,9 kb and smaller.
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Figure 28:
Patient 10 (L and t ) - comparison of the state 
of methylation in tumour tissue versus adjacent non- 
neoplastic tissue. Southern blot analysis of tumour 
tissue m  this patient (lanes 1 and 2) gave quite 
different results to those obtained on analysis of the 
adjacent non-neoplastic tissue (lanes 3 and 4). The 
Hpall digest from the tumour tissue (lane 1) has 
heavier bands not present in the MspI digest (lane 2) 
while the adjacent non-neoplastic tissue shows 
identical HpalI (lane 3) and MspI (lane 4) digests.
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CHAPTER IV DISCUSSION

We observed a low copy number of HBV per cell in HBeAg- 
negative HBsAg-carriers. These findings are in keeping 
with the observation that a decline in HBV copy number 
occurs after seroconversion from HBeAg to anti-HBe. In 
the tumour tissues studied, although clonal amplifica
tion had increased HBV copy number, there was nonethe
less a difference between the analysable tumours found 
in HBeAg-positive (79 percent) versus HBeAg-negative 
(50 percent) patients. The mean copy number was also 
higher in HCC patients who were serologically HBeAg- 
positive (mean value 2) than in serologically HBeAg- 
nega tive patients with HCC (mean 0,8).

Hindlll restriction digestion analyses confirmed 
earlier reports (Fowler et al. 1984b) that HBV DNA in 
infected liver in HBeAg-positive carriers is-predomina
ntly episomal. Anti-HBe positive patients have predomi
nantly integrated HBV DNA although episomal HBV DNA can 
also be detected. Fowler et al. (1986) report that 15 
percent of anti-HBe carriers who have detectable serum 
HBV DNA have episomal HBV DNA in liver tissue. However, 
they did not find episomal HBV DNA in patients without 
serum HBV DNA. We were similarly able to detect both
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integrated and episomal HBV DNA in tissue in an anti- 
HBe positive patient. Both episomal and integrated HBV 
DNA, as well as integration alone, was observed in 
long-standing carriers with low levels of viral repli
cation who had progressed to HCC. Song et al. (1984) 
studied HBV viral markers in 106 southern African 
Blacks with HBV-related HCC and found that HBV repli
cation was present in the minority of these patients 
and, when occurring, was of low grade activity. Their 
findings support the hypothesis tnat HBV DNA is fre
quently integrated into the human genome of Black pa
tients with HBV-related HCC. Our H i n d m  restriction 
digestions confirmed an inverse correlation between 
serum markers indicative of HBV replication and inte
grated HBV DNA sequences in infected tissue from pa
tients with chronic hepatitis and HCC. We also confirm 
that indeed the majority of HBsAg-positive HCC patients 
possess integrated HBV DNA in tumour tissue. Twelve of 
the 14 nonreplictive carriers and patients with HCC had 
detectable integrated HBV DNA sequences. Although epi
somal HBV DNA was detected in five of these tissues, it 
was always present in much lower quantities than was 
found in the specimens from chronic active carriers. In 
two of the HBeAg-negative patients we found only episo
mal HBV DNA. Robinson et al. (1984) report that some 
tumours do not show detectable integrated HBV DNA
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sequences by molecular hybridisation techniques with 
sensitivities down to 0,01 genome copy per cell. How
ever the presence of very small viral DNA sequences 
(i.e. less than 100 bps per cell) cannot be excluded 
and thus, in the two HCC patients in whom we detected 
episomal HBV DNA alone, it is possible that integrated 
sequences are present but are below the sensitivity of 
the Southern blot assay.

Our results indicate that CCGG sites in HBV DNA 
extracted from HBV virions in serum of HBeAg-positive 
carriers with replicative infection are hypomethylated. 
This is in keeping with the findings previously repor
ted by Miller and Robinson (1983). Neither are they 
methylated in infected tissue from these carriers. Thus 
in early, replicative, chronic hepatitis B, hypomethyl- 
ation of the HBV genome correlates with HBV gene 
expression. This molecular state is not unique to the 
hepatitis B virus: DNA extracted from virions of simian 
virus 40 (Ketner et al. 1976), herpes saimiri (Desro- 
siers 1982), adenovirus (Gunthert et al. 1976) and 
herpes simplex (Shartna et al. 1977) is either slightly 
methylated or not methylated at all. Herpes simplex is 
however, transiently methylated during the course of 
infection (sharma et al. 1977).

Although the signal was very weak, one carrier with 
predominantly nonreplicative infection and a copy num
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ber of 0.6 had hypomethylated HBV DNA on Southern blot 
analysis; episomal and integrated HBV DNA was present. 
However, because of the low HBV DNA copy number found 
in carriers with nonreplicative infection, the possible 
converse role of methylation in repressing HBV gene 
expression was difficult to ascertain. The low HBV-DNA 
copy number in long-standing nonreplicative infection 
was confirmed when non-neoplastic liver tissue from HCC 
patients was studied: Only one of the sixteen adjacent 
non-neoplastic tissues from HCC patients had a copy 
number greater than one. In only one other case were 
interpretable Southern blots obtained from both tumour 
and adjacent non-neoplastic tissue from the same pa
tient. The HBV DNA in this non-neoplastic tissue (10L) 
was integrated but was hypomethylated. This result was 
interesting because DNA from the corresponding tumour 
tissue was hypermethylated and the restriction analyses 
using tumour DNA were totally different than 
those obtained using DNA from the non-neoplastic tis
sue. The two tissues, although from the same patient, 
did not have common bands. There were also more bands 
in the Southern blot of the tumour tissue suggesting 
that either there had been rearrangements in the tumour 
clone or the tumour clone was the result of another 
integration. In an attempt to overcome the problem of 
low copy number in nonreplicative infection, we
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included HBV-related HCC patients in the study and 
regarded all HCC tissue (regardless of serum HBeAg 
status) as being representative of long-standing infect
ion with low level viral replication. This premise is 
justified since long-standing HBV infection precedes the 
development of HCC and there is evidence to suggest a 
measure of gene control in HCC (Dejean et al. 1982). 
Also, only a minority.of patients with HCC are HBeAg- 
and HBV-DNA positive in serum and, wnere HBeAg is 
present, it is almost always present in low titer (Kew 
et al. 1981, Tabor et al. 1977). Methylation of HBV DNA 
could be demonstrated in HCC but the results were 
inconsistent.

Integrated HBV DNA sequences were found to be 
hypermethylated in the PLC/PRF/5 HCC cell line. Methy
lation of specific viral genes in virus-transformed 
cell lines has been previously reported for HBV (Millar 
and Robinson 1983) as well as for herpes saimiri virus 
(Desrosiers 1982) and adenovirus (Ghnthert et al.
1976). HBV-DNA sequences were also found to be hyper- 
methylated in six of the tumour tissues studied, sugg
esting that methylation may play some role in gene 
repression, but a further five tumours were hypomethyl- 
ated. Viral expression correlated more closely with the 
presence of HBV DNA integration than HBV DNA methyla
tion. All six hypermethylated tumours had integrated
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HBV DNA. Three were from serum HBeAg-negative patients, 
but the other three were serum HBeAg-positive. Low 
titers of HBeAg could be accounted for by coding from 
small quantities of episomal HBV DNA but this was only 
detected in one of the three specimens; this could 
reflect the degree of sensitivity of the methods em
ployed. However, despite several lines of evidence 
indicating a strong correlation between specific gene 
activity and hypomethylation, HBeAg expression was 
detected in only one of the five hypomethylated HCC 
specimens. Expression of HBeAg in this HCC patient 
could not be attributed solely to the hypomethylated 
integrated sequences as episomal sequences were also 
present. The five hypomethylated HCC specimens included 
the special case that was serum HBsAg negative. A 
further two tumours were unusual in that they were 
HBeAg negative with only episomal HBV DNA detectable; 
no integrated sequences were visible. Thus, although 
the HBV DNA was hypome thy la ted in both of these pa
tients, this would be expected if only the episomal 
sequences were visualised. The fifth hypomethylated 
tissue did not express the HBeAg; only integrated HBV- 
DNA sequences were detected and these were hypomethy- 
lated. Since all HCC with integrated HBV DNA did not 
have hypermethylated HBV DNA, our results suggest that 
methylation per se is not an absolute determinant of
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gene expression in HCC tissue. Thus, other factors, 
such as gene rearrangements, regulatory gene disrup
tion, reading frame shifts or m-RNA precursor size, 
must also be considered as possible influences of HBV 
expression in chronic hepatitis B and HCC.
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APPENDI X AAnalysis of tissue and sera from chronic hepatitlB B carriers.
Code HBsAq HbeAg Anti-e Copy No. HBV Status Meth. Status Diagnosis
Cl ■f - + 0,50 NA NA CPHB
C2 + - NT 0,30 NA NA CPHB
C3 + - ♦ 0,57 1NT. & EP1. HYPO. CPHB
C4 + ♦ NT NT EPI. HYPO. CAHB
C5 + + NT NT EPI . HYPO. CAHB
C6 + NT EPI . HYPO. CAHB
C7 + ♦ NT NT EPI. HYPO. CAHB
*S1 + + - NT EPI. HYPO. CAHB
*S 2 + - NT EPI . HYPO CAHB
Keth, Methylation; NA, not analysable; NT, not tested; -» negative by ria; CPHB, chronic persistent hepatitis CAHB, chronic active hepatitis B; 1, integration; EP1, HYPO, Hypomethylated.

+, positive B;Episomal;
by RIA

serum samples

74



APPENDIX BAnalvsis of tissue from patients with hepatocellular carcinoma
Code HBsAg H Be Ag Anti-■e Copy No. HBV Status Hath. Statue Diagnosis
.lh - - - 0,5 NA NA N/NIT 0,68 INT. HYPO. HCC
.2L ♦ _ ■f 0 ,04 NT NT N/N2T 0,04 NT NT HCC
„3L ■f - + 0,04 NT NT N/N3T 0,65 INT. NA HCC
*4T + - - 0,27 NA NA HCC
.5L - + 0,04 NT NT N/N5T 0,04 NT NT HCC
.7L ■f _ 0,04 NT NT N/N7T 0,04 NT NT HCC
,eL + - NT 0,04 NT NT N/N8T 0 ; 60 INT. NA HCC
.9L - NT 0,04 NT NT N/N9T 3,00 INT. HYPER. HCC
10L + - NT 0,72 INT. HYPO. N/N10T 2,00 INT. HYPER. HCC

+K8T + - NT 2,98 INT. HYPO. HCC
+ K9T ♦ - NT 2,50 INT. HYPER. HCC
+K10T ♦ - NT 6,95 EPI . HYPO. HCC
KI1L . NT 0,19 NA NA N/N+KI1T 0,39 NA NA HCC
+ K12T - NT 0,13 NT NT HCC
+ K i 3T + - NT 0,40 NA NA HCC
K14L ■f ■f 0,04 NT NT N/N+K14T 0,30 NA NA HCC
K15L -f - 0,10 NT NT N/N+K15T 0,20 NA NA HCC
+ K16T - - 2,00 EPI. HYPO. HCC
K17L + - NT 0,23 NT NT N/N+ K 17T 0,80 NT NT HCC
K16L - _ - 0,04 NT NT N/N+ K18T 0,30 NT NT HCC
»6L + + * 0,50 NA NA N/N

6T 0,70 INT. ' HYPER. HCC
K1L + NT 0,19 NA NT N/N+K1T 1,06 NA NT HCC
+K2T + ♦ NT 1,90 EPI. t INT. HYPER. HCC
+ K3T ♦ ■f NT 1,57 EPI. & INT. HYPO. HCC
+ K4T •f + NT 0,25 NA NA HCC
+K5T ■f ♦ NT 5 ,0 NA NA HCC
+K6T ■f NT 6 ,00 INT. HYPER. HCC
+K7T + NT 1,20 NA NA HCC
K19L ■i NT 3,50 NT NT N/N+K19T 0 ,30 NT NT HCC

CL1 •f + - 5,00 INT. HYPER. PLC/PRF/5
NA, not analysable; NT, not tested; N/N, non-neoplastic; + , positive by RIA 
-, negative by RIA; INT, Integrated; EPI, Episomal; HYPO, Hypomethylated: HYPER, Hypermethylated.
*HCC tissue from Taiwanese patients +HCC tissue from African patients
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