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Hepatitis B virus (HBV) is clearly a factor in the development of hepatocellular carcinoma, but its
mechanism of action remains obscure. One possibility is that the HBV integration event alters the expression
of a nearby growth-regulatory cellular gene. A 9-kilobase (kb) DNA fragment containing an HBV insert plus
flanking cellular sequences was cloned from a hepatoma specimen from Shanghai, People's Republic of China.
Restriction mapping of the insert revealed a large inverted repeat structure consisting of both viral sequences

(encompassing all of the core and pre-S regions and portions of the X and S genes) and at least 3 kb of unique
cellular sequences. The virus-cell junction mapped 11 nucleotides from the DR1 region, in a position within the
HBV X gene and included in the cohesive overlap region. A probe generated from 1.0 kb of the flanking cellular
DNA mapped the viral insert to chromosome 17 in the region designated 17pll.2-17pl2, which is near the
human proto-oncogene p53. Sequence data from a portion of the flanking cellular DNA revealed a stretch of
approximately 70 base pairs that showed highly significant homology with a conserved region of a number of
functional mammalian DNAs, including the human autonomously replicating sequence 1 (ARSI).

Epidemiologic studies have demonstrated a strong associ-
ation between chronic hepatitis B virus (HBV) infection and
the development of human hepatocellular carcinoma (HCC).
In areas of high risk such as Africa and Southeast Asia (1),
HCC samples often contain HBV DNA sequences integrated
into the high-molecular-weight tumor DNA (12). Integration
of viral DNA is not a required step in the replicative cycle of
the virus, so the presence of integrated HBV sequences in
many HCCs is suggestive of a causal relationship between
viral DNA integration and subsequent tumor development.
The precise mechanism by which HBV integration might

contribute to the formation of a hepatoma is unclear. Current
data support several different models. One hypothesis pro-
poses viral integration next to an important cellular gene; in
previous studies investigators observed integrations that
resulted in hybrid virus-cell transcripts (31, 47) as well as
integration within a putative steroid receptor gene (9). How-
ever, these findings represent a minority of hepatomas
studied. More commonly observed are HBV integration-
associated chromosomal abnormalities, including large dele-
tions (14, 35), duplications (28, 42, 51), and chromosomal
translocations (14, 42). Since changes in DNA structure are
frequently associated with cancer, it is essential to charac-
terize additional HBV insertions and surrounding cellular
DNA sequences to discern patterns that might explain HBV
involvement in the formation of different subsets of tumors.

Previous work in our laboratory focused on the analysis of
a group of 17 HCC specimens obtained from Shanghai,
People's Republic of China. Of 17 patients, 15 showed
serologic evidence of past or present infection with HBV,
and tumors from 13 of those 15 HBV-positive individuals
contained integrated HBV sequences (52). We have now
further characterized one tumor from this group. A 9-
kilobase (kb) DNA fragment containing HBV DNA plus
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flanking cellular DNA was cloned from Chinese tumor no. 7.
Restriction mapping demonstrated that the entire 9-kb insert
consisted of a large inverted repeat structure containing both
viral and flanking cellular DNAs. A probe generated from
the flanking cellular DNA was used to map the HBV insert to
the short arm of chromosome 17 in region 17pll.2-17pl2.
Sequence data from a portion of the flanking cellular DNA
revealed a region of approximately 70 base pairs (bp) con-
served in the noncoding portions of a number of functional
mammalian genes.

MATERIALS AND METHODS
Tissue samples and preparation of tumor DNA. Hepatoma

tissue from Shanghai, People's Republic of China, was
collected and stored as described previously (52). DNA was
purified from hepatoma no. 7 (obtained from patient no. 5)
by conventional procedures as described previously (52).
Probe DNA. The HBV DNA probes were generated from

a cloned head-to-tail dimer of HBV (subtype adw) obtained
from William Robinson (40). The subgenomic probes con-
sisted of the following: S gene (1.2-kb BamHI fragment); C
gene (0.4-kb BglII fragment); X region (0.6-kb BamHI-BglII
fragment, containing a small amount of 5' C gene-specific
DNA); and X gene (277-bp HhaI fragment [52], extending
from bp 1401 to 1678 on the adr map [17, 45]). All DNAs
were verified by agarose gel electrophoresis, excised, elec-
troeluted, and concentrated with an Elutip-d column (Sch-
leicher & Schuell, Inc., Keene, N.H.). DNAs were labeled
to a high specific activity with [32P]dCTP (ICN Radiochemi-
cals, Irvine, Calif.) and commercially available labeling kits
(nick translation reagent kit [Bethesda Research Laborato-
ries, Inc., Gaithersburg, Md.] or oligolabeling kit [Pharma-
cia, Inc., Piscataway, N.J.]).

Cloning, subcloning, and sequencing of viral insert DNA.
High-molecular-weight DNA purified from tumor no. 7 was
digested with EcoRI and fractionated on a 10 to 40% sucrose
gradient, and the HBV-containing fractions were identified
by Southern blot hybridization with an HBV S gene-specific
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probe. HBV-positive fractions were pooled, and the DNA
was ligated into lambda vector EMBL4 (Stratagene Cloning
Systems, La Jolla, Calif.). Vector DNA was packaged with
a Gigapack packaging kit (Stratagene Cloning Systems).
HBV-positive plaques were identified by colony hybridiza-
tion with an HBV S gene-specific probe. Six positive clones
were obtained from 3 x 106 plaques. Positive plaques were
picked, purified three times, and analyzed. Recombinant
plaque no. 231 was subcloned into a pBR322-derived vector,
pWR33 (13). Plasmid pT7/9.0 was used for the studies
reported here.
Two fragments were subcloned and subjected to DNA

sequencing analysis. The 2.1-kb BglII fragment, containing
HBV plus flanking cellular DNA, was inserted into plasmid
pSP73 (Promega Biotec, Madison, Wisc.), which contained
SP and T7 promoters adjacent to the insertion site. Oligonu-
cleotides complementary to these promoters (synthesized by
O.C.S. Laboratories, Denton, Tex.) were annealed to a
denatured plasmid template and extended by using dideoxy
sequencing protocols with the Sequenase sequencing kit
(U.S. Biochemical Corp., Cleveland, Ohio). The 1.0-kb
EcoRI-BglII fragment, containing flanking cellular DNA,
was subcloned into pWR33 (described above), and the DNA
sequence was determined by primer extension and dideoxy
sequencing protocols.

Cell hybrids. A somatic cell hybrid regional mapping panel
for human chromosome 17 has been previously described
(46). Hybrids were constructed from cells derived from
patients with a variety of constitutional deletions or translo-
cations of chromosome 17. Spacing of breakpoints repre-
sented in this panel is especially close on the short arm of 17,
in which we estimate that from 2 to 7 megabases of DNA
reside between neighboring breakpoints. Hybrid HO-11 (P.
vanTuinen, W. B. Dobyns, D. C. Rich, K. M. Summers,
T. J. Robinson, Y. Nakamura, and D. H. Ledbetter, Am. J.
Human Genet., in press) contains a deletion in 17
[del(17)(p13. 100)] from a fetal demise with a DiGeorge
sequence (F. Greenberg, K. B. Courtney, R. A. Wessels, J.
Huhta, R. J. Carpenter, D. C. Rich, and D. H. Ledbetter,
Am. J. Med. Genet., in press).
Colony and Southern blot hybridizations. Colony hybrid-

ization was performed by standard procedures (23). South-
ern blot prehybridization and hybridization conditions were
as described previously (52). Mapping studies were done
with cellular DNAs bound to nylon filters (Bethesda Re-
search Laboratories). Prehybridization incubations were
done for 18 h at 68°C in lx SSPE (180 mM NaCl, 10 mM
sodium phosphate, 10 mM EDTA [pH 7.0]) containing 1%
sodium dodecyl sulfate, 1% nonfat dry milk, and 500 ,ug of
calf thymus DNA per ml. Hybridizations were performed for
18 h at 68°C in prehybridization solution containing 105 cpm
of 32P-labeled probe DNA per ml. Bound probe DNAs were
stripped from the nylon filters by procedures described by
Bethesda Research Laboratories so that sample DNAs could
be retested with different labeled probes.

RESULTS

Identification and restriction mapping of the cloned 9-kb
HCC DNA fragment containing integrated HBV sequences.
The DNA of hepatoma no. 7 contains two inserts of HBV
sequences integrated into high-molecular-weight DNA (52).
EcoRI was used to generate the library of genomic tumor
DNA because this enzyme does not cleave HBV subtype adr
(49), which is the most prevalent type in the People's
Republic of China, and thus would yield DNA fragments
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FIG. 1. Southern blot hybridization analysis of the 9.0-kb insert

DNA from HCC no. 7. The 9-kb insert DNA was analyzed undiges-
ted (lanes 7) or after digestion with BglII (lanes 2 and 3), BgII and
HpaI (lanes 4), KpnI (lanes 5), or HindIlI (lanes 6). After agarose gel
electrophoresis, separated DNA was analyzed by Southern blot
hybridization as described in Materials and Methods. Shown are the
ethidium bromide-stained gel (A) and autoradiograms after hybrid-
ization with HBV subgenomic probes: S gene (B), C gene (C), and
X region (D). Molecular weight markers consisted of HindIII-
digested lambda DNA alone (lanes 1) or mixed with HaeIII-digested
4XX174 replicative-form DNA (lanes 8). The DNA in lanes 5 was
degraded in this experiment and did not yield informative results.
KB, Kilobases.

containing the HBV genome as well as flanking cellular DNA
sequences. Restricted DNA was packaged, and subsequent
lambda plaques were screened by colony hybridization with
a 32P-labeled HBV genomic probe. Six positive plaques were
identified, and all contained insert DNA of 9 kb. One was
subcloned into plasmid DNA for subsequent analysis. Nu-
merous attempts to clone the second insert DNA from tumor
no. 7 were unsuccessful. A 6.7-kb fragment containing HBV
sequences was detected in lambda plaques, but the HBV
DNA was invariably lost during subcloning procedures.
To facilitate interpretation of the potential functional

significance of the HBV DNA integrated in tumor no. 7, we
defined the extent ofHBV sequences within the total cloned
9-kb DNA. For these mapping studies, the cloned DNA
fragment was released from the plasmid DNA by EcoRI
digestion and was purified. The 9-kb insert was then digested
with various restriction enzymes, the restricted DNA frag-
ments were separated by agarose gel electrophoresis, and
Southern blot hybridizations were performed as described in
Materials and Methods. A representative result is shown in
Fig. 1. Of the four BglII fragments detected (Fig. 1A, lanes
2 and 3), the 2.1-kb fragment was HBV X region specific
(Fig. 1D), the 1.85-kb fragment was HBV S gene specific
(Fig. 1B), and the 0.4-kb fragment was HBV C gene specific
(Fig. 1C). The 1.0-kb BglII fragment was cellular DNA since
it did not hybridize to any of the HBV probes. Similar
analyses were performed with enzymes HindIII, TaqI, XbaI,
and XhoI (data for last three not shown), followed by
Southern blot hybridizations with the various HBV probes.
The organization of the integrated HBV sequences was
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FIG. 2. Restriction map of the cloned 9.0-kb DNA fragment from Chinese hepatoma no. 7. (A) Structure of integrated HBV and flanking
cellular DNA. HBV DNA (boxes) is flanked on each side by duplicated cellular DNA (line). HBV genes identified by Southern blot
hybridization include the X gene (black boxes), the C gene (grey boxes, labeled "C"), the gap between C and pre-S (hatched boxes), the pre-S
region (open boxes), and the S gene (grey box, labeled "S"). Enzymes used include EcoRI (E), BgIII (B), Hpal (H), XhoI (X), and XbaI (Xb).
The following enzymes did not cut the 9.0-kb DNA: BamHI, PstI, SstI, SstIl, Notl, EcoR5, BcIl, NdeI, Scal, Pvu2, Sfi, ClaI, and SmaI. The
1.0-kb BglII-EcoRI fragment, used for chromosome mapping, is identified at the right. Note that because all flanking cellular sequences were
duplicated in this inverted repeat structure, an identical 1.0-kb Bglll-EcoRl probe may be generated from the left side of the 9.0-kb insert.
(B) Nucleotide sequence of virus-cell junction. Numbers above nucleotides refer to base assignments of the HBV subtype adr map (17). Two
differences were noted between our sequence and a previously published map: the asterisk denotes A in place of C, and A denotes an extra
A not found by Kobayashi and Katsuro (17). DR1 refers to one of the two direct repeat regions present in HBV.

deduced in accordance with published maps for HBV sub-
type adw (since adw was used to generate the DNA probes
[45, 52]) and for HBV subtype adr (since it was presumed to
be the subtype present in the hepatoma [17]).
The most striking feature of the restriction map (Fig. 2A)

was that the entire 9-kb DNA consisted of a large inverted
repeat structure proceeding outward from near the center of
the cloned fragment (near the XbaI site). Of the total 9 kb of
DNA, approximately 3 kb was HBV specific (1.5 kb was
unique) and the remaining 6 kb was cellular (3 kb was
unique). All flanking cellular sequences from the left side of
the viral insert were repeated on the right side of the insert.
The virus-virus junction lay within the S gene; at least 127 bp
of the S gene were preserved, since the recognition site for
XbaI (adr bp 121 [17]) was retained. Hybridization with a
277-bp X gene-specific probe (bp 1401 to 1678 [52]) was
negative (data not shown), suggesting that the virus-cell
junction mapped near the region of HBV containing direct
repeat 1 (DR1; map positions 1701 to 1712).
To more precisely analyze the virus-cell junction, we

subcloned the 2.1-kb BglII fragment and subjected it to
nucleotide sequence analysis as described in Materials and
Methods. The virus-cell junction was within the HBV X
gene and was located 11 nucleotides from the DR1 region
(Fig. 2B). Of the 178 HBV nucleotides sequenced, 174 (98%)
were identical to those of another adr isolate (17). Of the four
differences, two were found near the virus-cell junction: a
substitution at bp 1694 (Fig. 2B, asterisk) and an additional
nucleotide at bp 1697 (Fig. 2B, designated A). Although the
sequence data shown were derived from the left virus-cell
junction, the same sequence would be expected from the
right virus-cell junction since both viral and cellular se-
quences were duplicated in the inverted repeat structure.
Assignment of cellular DNA sequences that flank the HBV

insert to chromosome 17pll.2-17p12. The site in normal
cellular DNA into which HBV integrates may be an impor-
tant factor in the mechanism by which HBV contributes to

the development of a hepatoma. Therefore, the 1.0-kb BglII-
EcoRI fragment of cellular DNA that flanked the HBV insert
(Fig. 2A) was used as a probe to identify the chromosomal
origin of the 9-kb cloned DNA.
A collection of human-rodent cell hybrids containing

segregated human chromosomes was used for chromosome
mapping studies. High-molecular-weight DNA from human,
hamster, or mouse cells as well as from the human-rodent
cell hybrids was digested with EcoRI. The DNA was then
separated by agarose gel electrophoresis, blotted to a nylon
filter, and hybridized with a 32P-labeled 1.0-kb flanking
cellular DNA probe. Under high-stringency hybridization
conditions, a single band was identified in human DNA and
in cell hybrids C.1A (Fig. 3, arrowhead) and MR2.2 (data not
shown). This result indicated that the flanking DNA probe
detected a single-copy gene and did not contain repetitive
DNA sequences. The probe did not react with the mouse and
hamster cell DNA controls under the hybridization condi-
tions used. The results of similar analyses performed on
additional cell hybrids are summarized in Table 1. Identical
results were obtained with a 1.0-kb EcoRI-BglII probe
generated from either the right half or the left half of the
cloned 9-kb DNA (Fig. 2A). Taken together, the results
indicated that the flanking cellular DNA was from human
chromosome 17. Hybridization of the probe to DNA from
cell hybrid MH-22-6, which contains exclusively chromo-
some 17, confirmed this assignment.
The availability of additional human-rodent cell hybrids

that contained various deletions within chromosome 17
allowed more precise mapping of the viral insert to a specific
region of the chromosome. Small terminal deletions or
translocations of 17p did not affect the reactivity of the
1.0-kb probe (e.g., cell hybrid MH-74) (Table 2). Deletions
inward to 17pl3.100 (i.e., cell hybrid HO-11) remained
reactive to the 1.0-kb probe. However, hybrids not contain-
ing region 17p11-pter (e.g., SA-5, MH-18) failed to hybrid-
ize to the probe. Hybrid HB-9, which has an interstitial
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FIG. 3. Detection of 1.0-kb flanking cellular DNA probe se-
quences in different human-rodent cell hybrids. The 1.0-kb flanking
cellular DNA probe (Fig. 2) was screened against a variety of
rodent-human cell hybrids that have segregated human chromo-
somes. DNA from mouse, hamster, and human cells as well as from
several cell hybrids was digested with EcoRI and subjected to
agarose gel electrophoresis and Southern blot analysis with a
32P-labeled 1.0-kb probe. The DNA was degraded in the experiment
with hybrid MH-82; therefore, the negative result was not informa-
tive. Under conditions of high-stringency hybridization, a single
band was identified in human DNA and in the hybridC1.A (arrow-
head). A band also was detected in the hybrid MR2.2 upon longer
exposure (data not shown). No bands were detected in mouse or
hamster DNA.

deletion lacking most of band pl1.2, hybridized positively to
the probe. Thus, the probe maps to a region that includes all
of p12 and may include very small portions of distal p1l.2 or
proximal p13.1 or both. The absence of the long arm of
chromosome 17 (e.g., cell hybrid 88-H-5) did not affect
hybridization with the flanking DNA probe. Thus, the 1.0-kb
probe maps in the region 17pii.2-i7pi2.

It is of interest that the human proto-oncogene p53 maps
to a nearby region of chromosome 1e7p. However, the
pattern of reactivity of the 1.0-kb probe can be distinguished
from that of a p53 cDNA probe; the p53 probe maps in the
region distal to the HO-li breakpoint (l7pl3.lOO; Table 2)
(vanTuinen et al., in press), whereas the 1.0-kb probe maps
proximally.

Identification of a consensus sequence within the flanking
cellular DNA. We next considered whether the HBV insert
we had cloned was integrated within an identifiable gene.
The 1.0-kb flanking DNA probe was used to demonstrate the
presence of complementary sequences in preparations of
normal liver whole-cell RNA (data not shown), suggesting
that sequences within the 1.0-kb DNA were from a portion
of the chromosome being actively expressed. To further
investigate the nature of these sequences, we subcloned the
1.0-kb BglII-EcoRI fragment and subjected it to DNA se-
quence analysis. In total, four portions of flanking cellular
DNA were sequenced (extending inward from both ends of
the 2.1-kb BglII fragment and from both ends of the 1.0-kb
BglII-EcoRI fragment). None of the four sequences analyzed
contained discernible open reading frames (data not shown).
The DNA sequences were then used to search GenBank for
identification of possible homology with other GenBank
entries. Three of the four DNA sequences showed no
homology with any GenBank sequences. Howevers the
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TABLE 2. Regional mapping of 1.0-kb flanking cellular DNA in
chromosome 17

Southern blot
Cell hybridization to: Portion of chromosome 17

hybrid 1.0-kb retained
probe' probe'

Human + + Intact
Mouse - -
Hamster
MH-74 + + p13.3 - q25.3
FW-1 + + p13.108 qter
JW-4 + + p13.105 qter
HO-il + - p13.100 qter
SA-5 - - p11.2 -) qter
HB-9 + + pter -> p1.2::pll.2 qter
MH-18 - - p11.2 qter
MH-5 - - p11.2 qter
88-H-5 + + pter-* p11.2
LS-1 - - cen -- qter
SP-3 - - q11.2 --qter
ND-1 - - q21.1 -* qter
MH-41 - - q23 -* qter

a +, Presence of band on autoradiogram; -, absence of band on autora-
diogram.

b Data are from vanTuinen et al. (in press).

remaining DNA sequence showed interesting similarities to
GenBank sequences.
A DNA sequence derived from the EcoRI end of the

1.0-kb BglII-EcoRI flanking cellular DNA (Fig. 4A) showed
highly significant homology with sequences located in the
noncoding or flanking regions of a number of functional
human genes. Noncoding regions from 16 human genes as
well as from the human autonomously replicating sequence 1
(ARSJ) (29) showed significant homology, as measured by
our search program (22), demonstrating >6 standard devia-
tions of similarity as compared with the expected score.
Alignment of the HBV flanking sequence with the homolo-
gous sequences from the 17 DNAs demonstrated a striking

S. DNANCIPARER:
8BV fllcnKgn DNA
human em prealbusin
carbonic anhydrase
myoglobin
apolipoprotein CIll
haptoglobin
Ot -l-nti-trypoin
i -tubulin
factor IX
alpha fetoprotein
fibrinoqen
adenomine deaainase
opuin
acetylcholino receptor
protein C
enk*phalI,n
human W1
human c-sis

C. CONSBNSUS SEQUENCE:

1.0 2.0

conservation that spanned at least 70 nucleotides and al-
lowed the generation of a consensus sequence (in which a
given nucleotide position was shared by at least 9 of the 18
[50%] DNAs listed [Fig. 4B]). Homology of >75%, in which
at least 14 of the 18 DNAs contained the consensus nucleo-
tide, was noted at 30 positions (Fig. 4C, asterisks). At certain
positions (nucleotides 33, 38, and 39), no divergence from
the consensus sequence was found among the 18 DNAs. At
other positions, the human DNA sequences appeared to
diverge from the HBV flanking DNA sequence by the same
nucleotide (positions 16, 40, 42, 47, and 52). In general, the
highest degree of conservation within the 70-bp region was
found near the center (spanning positions 30 to 50), with less
conservation noted at the ends.

DISCUSSION
Chronic infection with HBV is a known factor in the

etiology of HCC in certain parts of the world, including the
People's Republic of China, and confers a risk of >200-fold
(1, 26). The analysis of viral DNA sequences integrated into
the tumor DNA may help elucidate a molecular mecha-
nism(s) by which HBV contributes to hepatoma formation.
The present report describes the analysis of an integrated
HBV genome and its flanking cellular sequences cloned from
a Chinese HCC specimen.

Analysis of several virus-cell junctions from HBV-positive
hepatomas and hepatoma-derived cell lines has revealed that
the two 11-bp direct repeat (DR) regions are often a pre-
ferred site within the viral genome in which integration with
cellular DNA may occur (4, 8, 20, 35, 39, 50, 51). Consistent
with these previous findings, we have determined that the
virus junction from the cloned 9-kb insert described in this
paper maps to bp 1691 on the HBV subtype adr map (17).
This site is 11 bp from DR1 and is within the cohesive
overlap region. Although the precise mechanism for HBV
integration remains unclear, a growing number of virus
junctions have been mapped in or near the DRs, so it is likely
that conditions favorable for integration include some char-
acteristic feature of the DR-cohesive overlap region.

3.0 4.0 5.0 6.0 7.0 8.0
CTATTATTJ ACATCCCCTCSTTACAGaAGGAAACTGAGGCACAGAGAAATTAAGTCCTGTTACCGAA TTGCAIAGC!T
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FIG. 4. Identification of a consensus sequence within HBV flanking cellular DNA. (A) HBV flanking DNA sequence derived from near
the EcoRI recognition site of the 1.0-kb BglIl-EcoRI fragment of DNA (Fig. 2A). (B) Comparison of human DNA sequences to the consensus
sequence. HBV flanking DNA was used to screen GenBank for DNAs containing homologous regions. The DNAs were aligned and compared
with the consensus sequence (see panel C). Dashes identify homology with the consensus sequence at a given nucleotide position. (C)
Consensus sequence. Comparison of the 18 DNAs listed in panel B led to the generation of a consensus sequence in which a given position
was occupied by the consensus nucleotide in at least 9 of the 18 DNAs (50%). Homologies of >75% at a given position are noted by an
asterisk. N, Any of the four nucleotides; Y, pyrimidine; U, purine.
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Previous studies have shown that HBV sequences inte-
grated into hepatoma DNA may exist as an intact genome
(11), as subgenomic forms (4, 6, 7, 14, 28, 35, 39, 42, 51), or
even as complicated inverted structures (7, 14, 28, 42, 50).
Consistent with these previous descriptions of complex
forms of viral DNA, the cloned insert recovered from an
HCC and characterized in this report consists of a large
inverted repeat structure in which the duplication of DNA
involves not only viral sequences but also flanking cellular
sequences. The entire HBV C gene is present, although the
9-kb insert lacks the tissue-specific transcriptional enhancer
sequences located approximately 450 bp upstream from the
C gene (3, 16, 38). Also missing from the insert are the
previously identified glucocorticoid responsive elements (43)
and all but 26 bp from the 3' end of the X gene. Since the X
gene is known to possess a trans-activating function (41, 44;
T.-H. Lee and J. S. Butel, unpublished data), this particular
viral insert would lack that activity. The duplication of
flanking cellular sequences extends outwards at least 3 kb, to
the EcoRI site used for cloning the 9-kb fragment. Similarly,
large duplications of cellular sequences have been observed
at the site of HBV integration in other hepatomas (28, 42),
and the effect that that event would have on the cell clearly
would depend on the nature of the cell sequences duplicated.
HBV inserts from individual tumors have been localized

to different human chromosomes, including 3 (6), 4 (33), 6
(14), and llp (35), at a chromosome 17q25;18 translocation
(14, 34), at a chromosome X;17 translocation (42), at a
chromosome 5;9 translocation (42), and at chromosome
17p11.2-17p12 (this report). If HBV integration within an
important chromosomal location is a key event in transfor-
mation, then disruption ofDNA in a variety of locations may
contribute to the development of a tumor. Although we
found rearrangement of cellular sequences near the site of
integration (a duplication of at least 3 kb), our experiments
have not addressed the possibility of a chromosomal dele-
tion. A deletion at the site of HBV integration in chromo-
some llp, with the resultant loss of heterozygosity in that
region of the chromosome, has been described (H. P. Wang
and C. E. Rogler, Cytogenet. Cell Genet., in press).
The activation of proto-oncogenes has been suggested as

one mechanism by which HBV may cause tumors, although
definitive data are lacking (12). Assignment of the 9-kb insert
DNA to human chromosome 17p immediately raises the
possibility of involvement of the nearby proto-oncogene p53.
Numerous reports have shown that p53 may be involved in
transformation of a variety of cell types (5, 10, 18, 21, 24,
32). In situ hybridization techniques have demonstrated that
human proto-oncogene p53 maps to chromosome 17p13 (15,
25, 27). This would place the HBV flanking cellular DNA
within the same small region of 17p as p53, a region ofDNA
estimated to span from 2 to 7 megabases (46). However,
when Southern blot hybridization analysis was used to
analyze the cell hybrids that contain chromosome 17p dele-
tions, the p53 gene and the 1.0-kb probe mapped to opposite
sides of the HO-11 breakpoint at 17p13.100 (Table 2).
Although the two DNAs were separated by the chromo-
somal breakpoint, additional experiments are needed to
define the precise distance between the HBV insert and the
p53 gene.

Detailed analysis of the HBV flanking cellular DNA
sequences revealed a region ofDNA that was approximately
70 bp in length and that was highly homologous to an
intron-associated sequence present in the noncoding regions
(predominantly introns, but also 5'- and 3'-flanking regions)
of a number of functional human genes. The HBV flanking

DNA sequence was aligned with the homologous regions of
the other DNA sequences, and a consensus sequence was
generated. The consensus sequence shows the highest ho-
mology in the core region, while progressively less homol-
ogy is observed nearer the ends. The consensus sequence
contains several features that distinguish it from the short
interspersed nucleotide elements (SINEs) previously de-
scribed (37, 48). Whereas the consensus sequence is present
only once in the genes listed (Fig. 4B), SINEs such as human
Alu sequences may be present many times in multiple
introns of the same gene (37). Additionally, all SINEs
possess characteristic 3' poly(A) sequences and DRs at their
termini (37). Searches beyond the 70-bp consensus sequence
reported here failed to identify such structures. Finally, the
homology among SINEs (such as Alu sequences) indicates
that conserved regions alternate with divergent regions (37)
and that a core region of homology is lacking.
The possible function of the consensus sequence remains

unknown. Although GenBank contains sequence data pri-
marily from well-characterized genes and it could be argued
that the consensus sequence may also be located within
nonfunctional DNA and therefore be of little or no signifi-
cance, several observations are consistent with the idea that
the consensus sequence is functional. The core region of
high homology is similar to that seen with transcriptional
regulatory elements. While most such regulatory elements
are located in the 5'-noncoding region of genes, exceptions
do exist. The P-globin gene contains sequences in the second
intron (IVS-2) required for efficient transcriptional expres-
sion of that gene (2, 19). However, IVS-2 bears no significant
homology with the consensus sequence reported here.
One intriguing piece of evidence suggestive of a functional

role for the consensus sequence is its homology with a
segment of the human ARS1 DNA. ARSI is a sequence of
human DNA that allows replication of Saccharomyces cere-
visiae integrative plasmids as autonomously replicating ele-
ments in S. cerevisiae cells (29). Within ARS1 is a 325-bp
segment that is necessary for maximal expression of the
autonomous replication phenotype, analogous to an en-
hancer. Interestingly, the consensus sequence is located in
the center of this 325-bp segment with enhancerlike activity.
However, it is not known if the consensus sequence repre-
sents the active portion of the replicative enhancer. A similar
association of the consensus sequence with potential DNA
replicative sequences is suggested by its presence in African
green monkey cell DNA, within a few hundred base pairs of
a sequence exhibiting similarity to the simian virus 40 origin
of replication (36). Further experiments are needed to more
directly assess the functional significance of the consensus
sequence.

Current data suggest that integration of HBV DNA may
contribute to liver tumor formation in at least three general
ways. First, the expression of cellular genes may be directly
affected by the integration event itself (6, 9, 31, 47). Second,
the chromosomal abnormalities frequently associated with
HBV integration sites may have important but as-yet-un-
defined effects on normal cell growth. Third, the trans-
activating capability of the HBV X gene (41, 44; Lee and
Butel, unpublished data) may activate the expression of
cellular genes. It is noteworthy that the trans-activating tat
gene of human T-lymphotropic virus type 1 is tumorigenic in
transgenic mice (30).

It is appearing more likely that the crucial cellular targets
involved in triggering liver cell malignant transformation
may differ from tumor to tumor. Analysis of additional
integrated HBV sequences and the flanking cellular DNA
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will be a necessary prerequisite to a more complete under-
standing of the role(s) of HBV in liver cancer.
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