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We previously reported the cloning and detailed analysis of the integrated hepatitis B virus sequences in a
human hepatoma cell line. We report here the integration of at least one of hepatitis B virus at human satellite
DNA sequences. The majority of the cellular sequences identified by this satellite DNA were organized as a
multimeric composition of a 0.6-kilobase EcoRI fragment. This clone hybridized in situ almost exclusively to
the centromeric heterochromatin of chromosomes 1 and 16 and to a lower extent to chromosome 2 and to the
heterochromatic region of the Y chromosome. The immediate flanking host sequence appeared as a hierarchy
of repeating units which were almost identical to a previously reported human satellite III DNA sequence.

On the basis of epidemiological studies, human hepatitis B
virus (HBV) is considered to be a major cause of liver cancer
(hepatocellular carcinoma; 28). Integration of HBV DNA
was detected in primary liver tumors (4, 8, 22), in cell lines
derived from human hepatomas (5, 7, 12), and in carriers (3,
4, 14). The most decisive evidence to date on the nature of
the integrated HBV genomes was obtained from molecular
cloning experiments that focused mainly on the PLC/PRF/5
(Alexander) cell line (1). This cell line contains about seven
copies of the HBV genome, none of which are intact (24, 31).

analysis of the virus host junction, integration was shown to
be essentially random. However, junctions mapped within
either DR1 or DR2 were shown in two independent liver
tuniors (11) and in some other cases (28). Thus, integration
may occur with a statistical bias at the viral direct repeats.
To date, the nature of host sequences neighboring the HBV
integration site has not been studied. In a number of cases,
cellular sequences next to integration sites or normal coun-
terpart sites were reported (18, 30) but were not character-
ized in detail.
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FIG. 1. Structure of clone A123 and its HBV DNA. The EcoRI map of the insert of A123 is shown at the top of the figure. The HBV
sequence is boxed at the top of the figure. The positions of the viral TATA box and the enhancer element are shown. The sequences of the
host viral function of the left (Lj) and the right (Rj) ends of the virus are shown at the bottom of the figure. The base pair numbers are from
the HBV sequence of Valenzuela et al. (29). Symbols: XL., long arm of the phage; -Xs, short arm of the phage; ----, flanking host sequences;
A, HBV deleted region; _ and n-i, surface and presurface antigen genes (S); , region and direction of duplicate HBV sequences;,,
complementary repeated 6 nucleotides.

Although these clones do not display the extensive rear-
rangements documented previously for the integrated wood-
chuck hepatitis B virus genome (19), they nevertheless show
a catalog of deletions, duplications, and inversions. On the
basis of extensive mapping data and nucleotide sequence
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Clone A123 was isolated from a genomic library of the
Alexander cell line. A detailed study of this clone, including
electron microscopy analysis, restriction mapping, and se-
quence analysis, was published previously (24) and is sum-
marized in Fig. 1. The unique feature of this integrated HBV
sequence is the duplication of a portion of the viral se-
quences. The integrated viral DNA contains about 1 kilobase
(from nucleotides 2401 to 3121) of direct repeats at its ends.
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FIG. 2. Organization of genomic sequences homologous to A123
host DNA. DNA from blood cells of a normal human male was
prepared as described previously (2) and was digested with EcoRI.
Samples (4, 10, and 20 p.g) were subjected to gel electrophoresis,
blotting, and hybridization with A123 [32P]DNA, as previously
described (24). The numbers on the right represent kilobases of
DNA molecular size. The sizes of the major bands are indicated in
kilobases on the left of the figure.

A123 contains an intact S gene, including its promoter, next
to the unique viral EcoRI site (6, 27). The pre-S region is
incomplete and contains a deletion of about 150 base pairs
(bp) (Fig. 1). The viral core gene is mostly deleted. The

promoter region of the core gene is missing, but the viral
enhancer element (23) is present. The sequence of the viral
host junction is shown at both ends of the integrated virus
DNA in Fig. 1. The left and right junctions share an exact
complementary direct repeat of 6 bp.
Our analysis of seven different HBV fragments present in

Alexander cells revealed that the HBV DNAs were inte-
grated into the host genome at regions that contained highly
repeated sequences (24). Most of the clones contained few
copies of repeated sequences of the Alu family. Our prelim-
inary analysis of the A123 host sequences resulted in a
misinterpretation and led us to conclude that this clone
contained Alu family repeats (24). By using a specific Alu
repeat probe, along with a total human DNA probe, we
found that the repetitive sequences of A123 were not of an
Alu repeat type. To define the nature of the A123 repetitive
sequences, we labeled the DNA of A123 by nick translation
and hybridized it to a Southern blot of total human DNA
digested with EcoRI enzyme. A number of distinct bands
were observed, of which the 1.2-, 1.8-, and 2.4-kilobase
fragments were dominant (Fig. 2). The exact determination
of the sizes of the bands revealed that the bands were of a
multimetric composition, 0.6 kilobases in size. These ladder
pattern band are characteristic of satellite DNA in mammals
(13, 17).

It is well documented that the majority of satellite DNAs
are located near the centromeric region of chromosomes.
We therefore performed in situ hybridization with chromo-
somal spreads from normal human cells and nick-translated
A123 as a probe. A significant hybridization to the
centromeric region of a number of chromosomes was de-
tected after a 2-day exposure (Fig. 3). Clusters of grains were
observed at the centromeric region of chromosomes 1 and 16
and to a lesser extent at that of chromosome 2 and at the
heterochromatic region of the Y chromosome, indicating
specific hybridization of A123 in a chromosome-specific
manner to regions known to be rich in satellite DNA
sequences. Of 82 chromosomal spreads that were analyzed,
44% of the clustered grains (two or more grains per site)
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FIG. 3. In situ hybridization of 3H-labeled A123 DNA to normal human chromosomes. 3H-labeled nick-translated A123 DNA was
hybridized in situ to metaphase chromosomes obtained from human lymphocytes of normal males. Chromosomes were identified before
hybridization by quinacrine banding (A). The hybridization reaction was carried out by the method of Kirsch et al. (15). Slides were covered
with nuclear track emulsion (NTB2; Kodak), incubated at 4°C for 24 to 48 h, and stained with Giemsa (B). The numbers of the relevant
chromosomes are indicated.
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were mapped on chromosome 1 at C(p11q12) region, 26% at
16C(pllqll) region, 5% at 2C(pllqll) region, and 5% at
Yqh(ql2) region.

In mammals, the sequences comprising the satellite DNA
show common tandem short repeats. A series of these short
units constitutes a longer repeating unit that is itself repeated
in tandem with some variations. Thus, mammalian satellite
DNAs are constructed from a hierarchy of repeating units
(13, 25, 26). We analyzed about 800 bp of the host sequence
at the right junction of A123 and observed a repetitive unit of
26 bases (Fig. 4). Within these 26 bases there is a duplication
of CAT and CGAATGGAAT. The latter can be easily
constructed from a duplication of GGAAT CGAAT, with
subsequent mutations of C to G and of G to C, respectively.
The 26 bases are almost identical to the clone pPD17
sequence derived from human satellite III DNA (10). How-
ever, a completely different pattern of host sequence is
present at the left side of the junction (Fig. 4). We do not
know whether this sequence is also satellite DNA; however,
a repetition of TAAA or CAAA can be seen. To compare
individuals for a possible polymorphic appearance of these
satellite DNA sequences, we tested the DNA of eight normal
persons. The presence of extra bands and differences in the
levels of intensity of a few bands were noticed (data not
shown). To analyze the possible evolutionary conservation
of this repeat, we tested mouse, rat, Chinese hamster, and
woodchuck DNA and were not able to detect any hybridiza-
tion signals (data not shown).
The data emerging from several sequence analyses of

integrated HBV virus and immediate host DNAs or counter-
part sites in normal cells in a number of hepatoma cell lines
are not compatible with the notion of specific sequences
required for HBV integration. Whereas in one instance
cellular sequences are inversely repeated (18), in other
instances the host sequences remain intact with a duplication
of 12 bp at the viral-host junction (30) or are deleted (16; Y.
Shaul, unpublished data). In A123 there is a complementary,
direct repeat of 6 bp at the site of integration, the significance
of which is not clear. The HBV sequence from 2,404 to 3,121
bp is duplicated directly at the ends of the viral fragment, in
a fashion similar to that of polyomavirus and simian virus 40.
It was postulated that a head-to-tail recombination of the
viral DNAs before integration would lead to such a situation
(9, 20).
We conclude that the host sequence of A123 is of a

satellite type for the following reasons. First, the sequence is
pericentromeric. Second, the sequence appears as a hierar-
chy of repeating units from 3 to 5 bp to units of 26 bp and
probably to units of 600 bp. The latter figure was deduced
from Southern blot analysis. Thus, the sequence is almost
identical to previously reported subtypes of the human
satellite III DNA sequence (10). However, these repeating
units are characteristic of the right-hand host DNA and not
of the left-hand host, indicating possible cellular DNA rear-
rangements at the integration site. Alternatively, HBV was
integrated at the border line of two different types of
satellitelike sequences. It is also of interest to note that the
host sequence of another clone, A18, is identical to that of
A123 at the left-hand junction (31). Unfortunately, the right-
hand junction of this clone was not included in the DNA
isolated from the Alexander genomic library, so we do not
know its relationship to the right-hand junction of A123.
DNA restriction mapping and sequence analysis of HBV
revealed that A123 and A18 are not identical (24, 31).
However, it is possible that both clones were derived from
duplication of an integrated HBV fragment with its immedi-
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FIG. 4. The A123 host sequence of the immediate virus host
junctions. The host sequences next to the left (Lj) and right (Rj)
junctions are shown. The dotted region represents the integrated
HBV sequences. The arrangement of the host cellular sequence next
to the right junction of the virus is depicted in units of 26-base
repeats. The bases between the lines are extra bases that do not
match the repeat unit. The most abundant base in each column is
written at the top of the figure to give the sequence of the
representative repeat units.

ate host sequence with subsequent mutations. Alternatively,
although the possibility seems unlikely to us, this host
sequence may provide a preferred target site for HBV
integration. To the best of our knowledge, integration of
viruses at satellite DNA has not previously been reported.
Upon serial passage of simian virus 40 in permissive monkey
cells in tissue cultures, a recombinant defective virus
genome that contains a variety of cellular DNAs including
satellite sequences is accumulated (21). However, it is not
known whether this recombinant genome is the result of
integration of the simian virus 40 genome into the host DNA
with subsequent excision or whether it reflects a random
recombination between viral genomes and cellular
extrachromosomal DNA fragments.
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