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ABSTRACT

The fate of integrated woodchuck hepatitis viral (WHV) DNA was
systematically investigated in DNA samples from primary hepatocellular
carcinoma (HCC) of woodchucks, solid tumors transplanted in athymic
mice derived from a primary HCC of woodchuck, and an established cell
line of tissue culture originating from the transplanted tumor. In four of
five woodchuck primary HCCs, WHV DNA integration was demonstra
ted in addition to various amounts of extrachromosomal replicative
intermediate WHV DNA. The integration pattern of the primary HCCs
does not indicate a common integration site on the host chromosome.
The integration pattern in the established cells is identical to that in the
transplanted tumor and similar but slightly different from that of the
primary HCC. No extrachromosomal or replicative intermediates of
WHV DNA were detected in the transplanted tumors or in the established
cells of tissue culture. There are three integration sites on the chromo
somes of the established cells. Results of Southern hybridization and
restriction maps of cloned fragments suggest that all of these integrated
WHV DNA sequences are not a complete genome but a part of the
genome. A small portion corresponding to the cohesive region of the
genome was not detected in all of these integrated WHV DNA. A positive
role of WHV DNA integration on the generation of HCC is strongly
suggested by the high incidence of WHV DNA integration in woodchuck
primary HCCs and the stable maintenance of a certain mode of WHV
DNA integration in the hepatoma-derived cell populations during pas
sages of transplantation or serial growth of tissue culture.

INTRODUCTION

WHV2 belongs to a family of viruses, hepadnaviridae (1, 2),

characterized by a partially single stranded DNA genome about
3.2 kilobases long consisting of 4 putative genes. Among four
members of the family which are related phylogenically to each
other (3), human hepatitis B virus (HBV) and WHV are con
sidered to be oncogenic (4, 5), in addition to provoking acute
or chronic hepatitis. WHV and HCC of woodchuck (Marmota
monax) have been regarded as a suitable model for investigation
of the causal relationships between HBV infection and genera
tion of HCC in humans.

In the case of primary HCCs of the woodchuck as well as of
the human, integrations of viral genome into the host DNA
were demonstrated and discussed in the context of the tumori-
genie properties of the integrated viral genomes although nei
ther common site on the host chromosome for integration nor
oncogene coded by the viral genomes has been demonstrated
(6-8). Systematic studies to establish transformed cell popula
tions of transplanted tumors or of tissue culture from primary
HCCs in association with searching for fates of or changes in
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the integrated viral genome should be an important approach
to elucidate roles of the integrated viral genomes on the gener
ation of HCC. For this purpose we have concentrated upon
establishing cell lines from woodchuck primary HCCs. A cell
line of tissue culture, WH257GE10, was established from a
transplanted solid tumor of athymic mouse derived originally
from a woodchuck primary HCC (9, 10).

Here we report stable integration of the WHV DNA se
quences in the host chromosomes during transplantation of the
solid tumor and serial growth of the cell line of tissue culture
and also the similarity of the integration pattern in the cultured
cells to that in a primary HCC of the same individual from
which the transplanted tumor was derived.

MATERIALS AND METHODS

Sources of DNA Samples. HCCs from five woodchucks (Animals 1,
5, 11, 13, and 19) trapped in the area of Philadelphia were obtained.
All of these tumor-bearing animals were woodchuck hepatitis surface
antigen positive, detected by radioimmunoassay with use of cross-
reacting polyclonal antibodies against hepatitis B surface antigen (11).
The tumorigenic characters and preparation of the solid tumors succes
sively transplanted into athymic mice have been reported previously
(9). Tumors in the third, sixth, and eighth passages were investigated
in this study and the 12th passage is now going on without apparent
changes in the properties of the tumors. The primary HCC transplanted
in an athymic mouse was derived from one of the multicentric HCCs
of Animal 5 and another HCC from the same animal was used for
integration analysis in this report. The cell line (WH257GE10) derived
from the transplanted solid tumor in the fourth passage has been
established as described previously (10) and successively subcultivated
for more than 1 year. The cultured cells in the 38th, 64th, and 100th
passage were studied, and the integration pattern of WHV DNA of
these samples has not been changed. Woodchuck hepatitis surface
antigen was produced in the transplanted tumors but was not detected
in WH257GE10. The modal number of chromosomes for the cell line
is 36 as compared with 38 in the woodchuck cells (12).

Preparation of DNA Samples. Tissues and cells were quickly frozen
and stored at â€”80Â°Cuntil use. The thawed sample specimens were

homogenized with 5-fold vol of the lysis buffer consisting of 50 mM
Tris-HCl (pH 8.0): 10 mM EDTA:2% sodium Â¿V-lauroylsarcosynate.

The hornogenate was extracted with organic solvent cocktail
(phenol:chloroform:isoamyl alcohol, 25:24:1). The nucleic acid fraction
was precipitated with 2-fold vol of ethanol. The trapped precipitate was
washed with ethanol, dried, and solubilized in the lysis buffer. The
sample was digested with RNase and Pronase E successively, then
followed by two cycles of the organic extraction and ethanol precipita
tion.

Southern Transfer (13). Ten to 20 Â¿igof the purified DNA sample
were digested according to the instructions from the suppliers with
different kinds of restriction enzymes, including those (Kpnl and Pvull)
having no cleavage site on the WHV genome and those (EcoRI, Hindlll,
and /Nil) having one site on it (3, 14). Electrophoresis was done in
1.0% agarose horizontal gels in 40 mM Tris-HCl (pH 7.4), 18 mM
NaCl, 20 mM sodium acetate, and 2 mM EDTA, and ethidium bromide
(0.5 Mg/m')- The molecular markers are the mixture of the pBR322
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DNA digests by restriction enzyme(s) of Hinfl, Hindi/Aval, and
EcoRl/Aval and the Sail digest of pBHB4 consisting of a complete
genome of HBV (subtype adr) and pBR322. Following electrophoresis,
fractionated DNA was transferred to nitrocellulose membranes
(Schleicher and Schuell Co., Ltd.) by the diffusion transfer method
according to Southern (13). Prehybridization was carried out in a
prehybridization solution consisting of 0.6 M NaCl:60 mM Tris-HCl,
pH 8.0:1 mM EDTA:5x Denhardt's solution (Ix solution is 0.02%

each of bovine serum albumin:polyvinylpyrrolidone:Ficoll):0.5% so
dium dodecyl sulfatexarrier DNA, 250 /jg/ml (calf thymus or salmon
sperm DNA) at 65Â°Cfor at least 2 h. Hybridization was done with the
"P-labeled nick-translated probe (15) of a cloned whole WHV genome

inserted into the EcoRl site of pBR325 (WH81) (3) provided by Dr.
Gerin in the fresh prehybridization mixture at 65Â°Cfor 48 h. The filter
was washed twice at 65Â°Cwith the first washing buffer (0.6 M NaCl:

60 mM Tris-HCl pH 8.0:1 mM EDTA:0.5% sodium dodecyl sulfate),
then twice with the second washing buffer (6 mM Tris-HCl, pH 8.0:1
mM EDTA) at room temperature. Wet filters were exposed to X-ray
film (XAR; Kodak) in the presence of the intensifying screen at -80Â°C

for 2 to 10 days.
Gene Library and Cloning. Purified DNA from the cultured cells in

the 100th passage was partially digested with EcoRl and fractionated
by sucrose gradient centrifugation. The fractions containing DNA
fragments of 15 to 20 kilobases were collected. Ligation of the partial
digests and purified EcoRl arms of Charon 4A was carried out at the
total DNA concentration (50 ^g/m\) with a molar ratio of the arms to
the cellular DNA of 2:1. The ligated DNA was packaged in vitro (16)
and plated with Escherichia coli LE392 cells at a density of IO3plaque-
forming units/cm2. Plaques were screened by in situ plaque hybridiza
tions using 32P-labeled WH81 as the probe. Phage DNA was purified

from a large scale lysate of the liquid culture as described previously
(17). The EcoRl or Hindlll fragments of inserts were recloned in the
EcoRl or Hindlll site of plasmid pBR328 or pBR322. Restriction
mapping of the cloned and recloned DNA was made by several combi
nations of single or double digestions with appropriate restriction
enzymes. After being electrophoresed on an agarose gel, fragments were
visualized by ethidium bromide staining and bands with WHV DNA
sequence were determined by Southern hybridization.

RESULTS

WHV DNA in Woodchuck Primary HCCs. DNA samples of
HCC from livers of five woodchucks chronically infected with
WHV were examined by Southern hybridization using WH81
having a complete genome of WHV as the probe (Fig. 1). In all
undigested DNA samples except No. 11, DNA bands and a
smear were observed at regions much smaller than the bulk of
the host DNA band of high molecular weight detected by
ethidium bromide staining, and these are considered to be
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Fig. 1. WHV DNA in five woodchuck hepatocellular carcinomas. DNA sam
ples from Animals 13 (lanes ÃŒto 3). 1 (lanes 4 to 6). 5 (lanes 7 to 9), 11 (lanes 10
to 12), and 19 (lanes 13 to 15) were applied onto a 1.0% horizontal agarose gel
without digestion (lanes I, 4, 7, 10, and /3). after digestion with /'rail (lanes 2,

5,8, lI,andl4),orviit\\Hind\l\(lanes3,6, 9,12, and 15). Southern hybridization
was carried out as described in "Materials and Methods." Molecular markers of

known length are shown on the left in kilobase (AM pairs.

extrachromosomal WHV DNA derived from various interme
diates of the viral replication (18). The amount of these extra-
chromosomal WHV DNA, including several distinct bands of
the replicative intermediates, varies from sample to sample in
the range of IO2 to IO4 copies/cell. In the case of the sample

from Animal 11, no extrachromosomal band could be detected
within the range of the sensitivity of the hybridization (0.1 to
0.2 copies/cell).

In all undigested samples, the WHV DNA of various inten
sities was detected at the host DNA band. In the digested
samples from Animals 1, 5, 11, and 19 discrete bands higher
than the unit length of the WHV genome were clearly detected.
Since Pvull has no cleavage site in the WHV genome, the
number of bands of the Pvull digests might indicate the number
of different modes of integration into the host DNA. In the
Pvull digests more than two bands are visible in the samples
from Animals 5, 11, and 19 and one band is detected in the
Animal 1 sample. In the undigested sample of Animal 13 a
faint band corresponding to the bulk host DNA band is visible
but no discrete band could be detected in the digested samples.
We thus tentatively conclude that there was no WHV integra
tion in the sample from Animal 13, although we can not exclude
the possibility that a partially deleted or rearranged WHV
sequence is integrated in the Animal 13 sample. At least four
of five samples have WHV DNA sequence(s) integrated into
the host DNA. In the DNA sample from the non-tumor regions
of the livers from Animals 1 and 5, strong bands and a smear
of extrachromosomal WHV but no WHV integration were
observed (data not shown). From the estimated sizes of WHV
DNA bands integrated in these four samples, it is hard to
conclude that a common site for the WHV integration exists
on the chromosome of the woodchuck.

Detection of WHV DNA in Transplanted Tumor and Cell Line
of Tissue Culture, WH257GE10. It was interesting to determine
whether WHV integration was maintained stably or not in the
cultured cells during transplantations and serial growth of tissue
culture. WHV DNA was examined in two different types of
cell populations, namely, the transplanted cell line of athymic
nude mice and in the established cell line of tissue culture,
WH257GE10. In DNA samples of these two types of cells,
identical patterns of WHV DNA integrations were clearly
demonstrated but extrachromosomal WHV DNA was not de
tected as shown in Fig. 2. The integration patterns of trans
planted tumors in the third and sixth passage or those of
WH257GE10 in the 36th and 68th are the same as those shown
in Fig. 2. These results indicate that the integrated WHV DNA
sequences have been maintained unchanged from the trans
planted tumor in the third passage to WH257GE10 in the
100th culture. The evidence that the integration patterns have
not been changed during the tumor transplantation and in vitro
cell culture suggests some roles of integration for maintaining
transformed properties of the cells. Since no extrachromosomal
WHV DNA was detected in these cell lines, the existence of
extrachromosomal or replicative WHV is dispensable for main
taining the tumorigenic or transformed state of cells.

Direct comparison of the pattern of the WHV DNA integra
tion in these cells with that of the primary HCC from which
the transplanted cell line was derived was not possible because
the tissue was not available for examination. DNA from the
other tumors of the liver of the same individual were isolated
and examined for integration as shown in Fig. 1, since the
primary HCC of the sample from Animal 5 was multicentric
as usually observed in woodchuck HCC. The patterns of the
WHV DNA integration of the transplanted cell line and the
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Fig. 2. WHY DNA in the transplanted cell line and WH257GE10. DNA
samples of the transplanted cell line in the 8th passage (lnn<'\ I to 5) and
WH257GE10 in the 100th passage (lanes 6 to 10) were applied onto 1.0%
horizontal agarose gels without digestion (lanes 1 and 6) or after digestion with
Kpnl (lanes 2 and 7), with Pvull (lanes 3 and 8), with EcoRl (lanes 4 and 9), or
with //Â»Â«/111(lanes 5 and 10). Southern hybridization was carried out as in Fig.
1. Molecular markers are shown on the right. Kb, kilobase.
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Fig. 3. WHY DNA in Animal 5 hepatocellular carcinoma and the transplanted
cell line in the eighth passage in an athymic mouse. DNA samples from Animal
S (lanes I to 4) and the transplanted cell lines (hint's 5 to 8) were applied onto a
1.0% horizontal gel without digestion (lanes 1 and 5) or after digestion with Pvull
(lanes 2 and 6), with Pstl (lanes 3 and 7), or with Hindlll (lanes 4 and 8). Southern
hybridization was carried out as in Fig. 1. Molecular markers are shown on the
right. Kb, kilobase.

Southern transfers in Fig. 2. Two bands are visible in the digests
of Pvull (6 and 2.2 kilobases) or Kpnl (more than 20 and 8
kilobases) neither of which has a cleavage site on the WHV
genome, although a band of the Kpnl digest having more than
20 kilobases is not distinct in Fig. 2. Three bands are clearly
detectable in the digests of EcoRl (3 kilobases, and a doublet
of 1 kilobase) or in the digests ofHindlll (6,4, and 2 kilobases),
both of which have a single cleavage site on the WHV genome.
These results indicate that there are at least two integration
sites in WH257GE10 or the solid tumor DNA. The size of one
band in the Pvull digests, 2.2 kilobases, is evidently smaller
than the unit length of the WHV genome (3.3 kilobases),
suggesting that at least one of the integrated WHV genomes
has been rearranged or partially deleted.

A genomic library of WH257GE10 was prepared from a
ligated mixture of EcoRl partial digests of cellular DNA and
EcoRl arms of Charon 4A. Three clones with WHV DNA
sequence have been isolated so far of 2 x IO6 plaques of the
library. Two of them, GE-L6 and GE-L8, share several identical
EcoRl bands including the 3-kilobase band having a WHV
DNA sequence. The clone GE-L2 has a 1.2-kilobase EcoRl
fragment with WHV DNA sequence next to the left arm of
Charon 4A. Southern hybridization of digests of the cloned and
WH257GE10 DNA in the same gel demonstrates that these
two cloned regions were derived from regions generating the
major bands of WH257GE10 DNA. The region, designated
region A, in GE-L6 and GE-L8 was derived from a region
giving the 3.0-kilobase EcoRl or the 2.1-kilobase /////(/III band
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primary tumor of Animal 5 are compared in parallel in the
same agarose gel (Fig. 3). Several bands having WHV DNA
sequence such as the 6-kilobase band of the Hindlll digests or
the 5.5-kilobase band of the Pstl digests are observed in both
samples, but several unique bands for each sample are also
evident. The integration pattern in WH257GE10 is not exactly
identical but is very similar to that of the Animal 5 DNA
sample and evidently different from the integration patterns
observed in the other three samples of woodchuck primary
hepatocellular carcinomas (Fig. 1).

Characterization of Integrated WHV DNA Sequences. The
number of WHV DNA integration sites in WH257GE10 and
the transplanted tumor could be deduced from the bands of

PreS

Fig. 4. Southern hybridization of WH257GE10 with WH81 DNA or with
subcloned fragment of WHV genome. The locations of the subcloned fragments
of the WHY genome for the probe are schematically shown at the bottom.
Preparation of WH257GE10 DNA and Southern hybridization were carried out
as in Fig. 1. The cloned plasmid DNA consisting of pBR328 and the different
part of WHV genome were used as probes. WH257GE10 DNA digested with
Â£coRI(lanes 1, 3, 5, 7, and 9) or with Minagli (lanes 2, 4, 6, 8, and 10) were
fractionated in an agarose gel. Kb, kilobase.

3610

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2425886/cr0460073608.pdf by guest on 19 M

ay 2023



STABLE WHY INTEGRATION IN A WOODCHUCK HEPATOMA CELL LINE

and the other one, region B in GE-L2 was derived from one

giving the larger band of the doublet of EcoRl digest (Fig. 5).
The restriction maps of the two regions are shown in Fig. 6.
The WHY DNA sequence in region A is within the 1.3-kilobase
Hindlll-EcoRl fragment and is suggested to be less than 1
kilobase from analysis of a fine restriction mapping. This region
corresponds to the end part of POL and the NH2-terminal
region of X. A Hindlll site in the 1.2-kilobase EcoRl fragment
of region B close to the right EcoRl site (within 100-base pair
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Fig. 5. Southern hybridization of cloned and WH257GE10 DNA with WH81
as the probe. Preparation of WH257GE10 DNA and normal liver DNA and
Southern hybridization were carried out as in Fig. 1. A small amount of the
cloned DNA (GE-L6 or GE-L2) mixed with 10 to 20 ng of woodchuck normal
liver DNA was fractionated after restriction enzyme digestion. Digests of
WH257GE10 (lanes 1 to 5) and the cloned phage GE-L6 (lanes 6 to 10) and GE-
L2 (lanes 11 to 75) DNA were fractionated in agarose gels. Samples were
undigested (lanes I, 6, and Â¡I)or digested with Kpnl (lanes 2, 7, and 12), /'mil

(lanes 3, S, and 13), EcoRl (lanes 4, 9, and 14), or Hindlll (lanes 5, 10. and /5).
Although the size of the EcoRl band in GE-L2, 1.2 kilobase (Kb), is apparently
larger than the estimated size of the larger one of the 1.0-kilobase EcoRl doublet
(estimated to be around 1.0 kilobase in Fig. 2). both bands migrated to the same
position when GE-L2 DNA was digested and electrophoresed with an excess of
carrier DNA.

length), is assumed to be the viral Hindlll site since the fine
restriction map is perfectly identical to that of the Hindlll site
to the left EcoRl site of WH V2 genome (Fig. 6).

To confirm the relationship between the cloned regions and
the major bands of genomic DNA of WH257GE10, Southern
blotting analyses were carried out by using different portions of
the WHY genome as probes (Fig. 4). Unexpectedly, the results
indicate that there is a third integration site in WH257GE10
DNA. Probe III hybridizes to two Hindlll bands (2.1 and 6.0
kilobases) although it hybridizes only to the 3.0-kilobase EcoRl
band. The probe II which hybridizes the 3.0-kilobase EcoRl
band could not hybridize the 2.1-kilobase Hindlll band; thus
the 3.0-kilobase EcoRl band should comprise an identical doub
let, one of which corresponds to the cloned region A and the
other of which is derived from the third region, designated
region C, which generates the 6.0-kilobase Hindlll band and
hybridizes to probes II, III, and weakly V. As for region B, it
has WHY DNA corresponding to probes II and V and generates
the 1.0-kilobase EcoRl doublet and the 4.0-kilobase Hindlll;

therefore, different portions of WHY genome were integrated
in these three independent integration sites (A, B, and C region).
Since probe IV hybridized to none of these bands, all of inte
grated WHY DNA is lacking in the region corresponding to
probe IV (from the end of X to the NH2 terminal half of C).

Southern hybridization using a mixed probe of WH81 and a
unique fragment derived from region A demonstrates that in
tensities of bands of WHY DNA are a little weaker than that
of the unique fragment of WH257GE10 which has a counter
part of the same size and intensity in normal liver DNA (Fig.
7). This result indicates that the copy number of the WHY
DNA sequence in regions A and B is less than one per haploid

Region A

GE-L6 ...
(121Kb)
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(169Kb)
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Fig. 6. Restriction maps of cloned regions of WH257GE10 and the genome structure of WHY. Restriction maps of three clones isolated from a genomic library
of WH2S7GE10 were made from results of several combinations of single or double digestions with appropriate restriction enzymes. Two clones, GE-L6 and GE-L8,
are considered to be derived from the same region. A, of WH257GEIO since results of restriction mappings and Southern hybridizations indicate that both clones
share the four identical EcoRl fragments in the same order. In region A (top), GE-L6 has about a 10-kilobase (A7>)insertion and GE-L8 has the same insertion and 2
additional EcoRl fragments. Below the restriction maps of the 2 clones, a fine map of the internal 1.3-kilobase Hindlll-EcoRl fragment having WHY DNA is shown
in an expanded scale. The relative locations of restriction sites covering more than 0.7 kilobase are the same as those in the WHY genome. In the WHY genome
(middle), structure and genetic organization of the WHY genome (3) are shown inside and restriction sites of the regions of the genome corresponding to regions A
and B are indicated outside. The shaded pan is the region which is not cloned yet but is deduced to be next to the cloned EcoRl fragment by the results of Southern
blotting (Fig. 4 and the 2.0-kilobase band of EcoRl partial digestion shown in lane 4 of Fig. 5). In region B (bottom). GE-L2 has a 1.2-kilobase fcoRl fragment
flanked to the left arm of Charon 4A. The fragment can hybridize with the WHY probe and its fine map of restriction sites is shown in an expanded scale. The
relative locations of restriction sites of the fragment from the left EcoRl site to the Hindlll site are the same as those in the WHY genome. Restriction enzyme
cleavage sites are E, EcoRl; H, Hindlll: Bg, Bglll; Rs. Rsal; Hp, Hpall; Av, Avail; Ps, Pstl; Sa. Sad, respectively.
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Fig. 7. Soulhern hybridization of WH257GE10 and normal liver DNA by a
mixed probe. Preparation of WH257GE10 and woodchuck normal liver DNA
and Southern hybridization were carried out as in Fig. I. Equal amounts of
WH81 plasmid and a pBR325 derived plasmid having the right side 4.4-kilobase
/ Â«>kIfragment of GE-L6 (Fig. 6) were nick translated and used as the mixed
probe. Normal liver DNA (lanes 1 and 2) or WH257GE10 DNA (lanes 3 to 6)
were fractionated in an agarose gel after Â£roRI (lanes I, 3 and 5) or Hindlll
digestion (lanes 2, 4, and 6). Lanes I to 4 were hybridized with the mixed probe
and lanes 5 to 6 were hybridized with WH81 DNA. AA kilobase.

genome equivalent or that WHY DNA integration does not
occur in both of the allelic chromosomes.

DISCUSSION

WHY is considered to be most oncogenic among hepadna-
viruses in addition to provoking evident acute or chronic hep
atitis in infected woodchucks (5, 19-21). The experimental
model system using WHY and woodchucks provides valuable
information on both sides, the host and the agent, of oncoge-
nesis of HCC to elucidate the role of HBV infection on gener
ation of HCC in the human.

We confirmed that WHY DNA integration in the host DNA
was observed at very high frequency (at least four of five) in the
samples of primary HCC of woodchucks infected with WHY.
The frequency of WHY DNA integration in the primary HCC
of woodchucks reported here is considerably higher than that
reported previously (7) and comparable to that of WHY DNA
discussed by Summers (2) or those of HBV DNA integration
in human HCCs found in the individuals infected chronically
with the virus(22-26). No WHY DNA integration could be
detected in the samples of the non-tumor regions although the
existence of a large amount of extrachromosomal WHY DNA
was prominent. These results strongly suggest some causal roles
of WHY DNA integration on occurrence of HCC.

The number of major integration sites of WHY DNA in
WH257GE10 is three. The two sites cloned so far are separated
by at least 10 kilobases or more from each other. The copy
number of the integrated WHY DNA is less than one per
haploid genome equivalent. Both of the integrated WHY DNA
sequences are not a complete but a part of the genome and can
be aligned as though they were one copy of WHY lacking a
small portion of the cohesive region of the genome. WHY DNA
in region A does not contain any intact viral gene at all;
however, it might have some role in the cell assuming that
stable integration of this region is advantageous for the cell.

It should be stressed that the WHY DNA integrations in the

host DNA have been maintained without changing the patterns
of bands for more than 3 years during passages of the trans
planted tumors (more than 8 passages) and of WH257GE10
(more than 100 passages). The possibility that these stably
integrated WHY DNA sequences are derived from the different
subpopulation of cells in WH257GE10 is unlikely since the
same patterns of integration could be detected after several
trials of the limited dilutions of the cell population. In the case
of the human transformed cell line of hepatocytes from the
primary HCC (Alexander cell line), patterns of HBV integra
tions were not the same in several studies reported previously
(27-34) and selection of subpopulations with certain types of
HBY DNA integration by establishing a transplanted cell line
from the Alexander cells was reported (35). The stable integra
tion of the WHY DNA sequences in these transformed cells
derived from the primary HCC of the woodchuck suggests that
the integration of WHY DNA sequences is crucial for mainte
nance of the transformed states of these cells. Alternatively it
is possible to explain these phenomena by the simple result of
proliferation of a clonal cell assuming that the integrated WHY
DNA sequences which have no positive role on cell proliferation
are inherently stable in the cell.

The pattern of the WHY DNA integrations in these cultured
cells is similar but not identical to that in a primary HCC of
Animal 5. A result of Southern transfer using a flanking host
DNA as the probe indicated that at least the structure of region
A in WH257GE10 is not the same as that in the Animal 5
tumor (data not shown). Since two independent HCCs of Ani
mal 5 examined for WHY integration have identical integration
patterns, it is plausible to assume that rearrangement or selec
tion of WHY sequences integrated in the primary HCC trans
planted into athymic mice occurred during establishment of the
solid tumor. The presence of the extrachromosomal WHY
DNA or the replication of WHY is not necessary for maintain
ing the tumorigenic properties of the solid tumor since the
DNA sample of the third passage of the transplanted tumor,
which was the earliest sample we could test, was already free
from the extrachromosomal WHY genome.

This is the first study which systematically followed the fate
of the integrated WHY DNA sequence from primary tissue to
the established cell line. Further study is necessary to clarify
the modes and sites of WHY DNA integration at the molecular
level and at the chromosome level. The role of viral integration
into the host cell in HCC can be investigated by studying
changes in the genetic expression in the transformed cells and
the function of WHY gene(s) that is expressed in these cells.
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