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Nineteen DNA samples that carry integrated hepatitis B virus (HBV) DNA were isolated from seven 
independent human hepatomas by molecular cloning, and their structures were determined. The results, 
combined with reported data, were analyzed so that one can obtain insights into the mechanisms of integration 
of this virus DNA and possible rearrangements that occur subsequently. The distribution of DNA junctions 
along the virus genome suggests that there are recombination-proficient regions. Thus, about half of the 
integrants were the Coh type, viz., one of their virus-cell DNA junctions fell within the so-called cohesive end 
region that lies between two 11-bp direct repeats (DR1 and DR2) in the virus genome where transcription and 
replication of the genome are initiated. All the integrated virus genomes were defective at least in one site 
around the cohesive end region, particularly within the X gene. The recombination-proficient regions are used 
not only for formation of virus-cell but also of virus-virus junctions. Neither virus nor cell DNA show unique 
sequences at the junctions, and targets for integration lie on many different chromosomes. 
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Hepatitis B virus (HBV) is a causative agent of human 
hepatitis that affects some 200 million people in the 
world. The viral genome, which consists of 3.2 kb DNA, 
often integrates into the chromosome of liver cells in 
the process of infection, resulting in continuous produc- 
tion of virus antigens. A significant number of chronic 
carriers later develop hepatocellular carcinoma (HCC), 
in which integrated HBV genomes are often detected. 
Studies on the process of integration and the subsequent 
behavior of the integrated genome would shed light on 
understanding the life cycle of this virus and the pos- 
sible link between integration and cancer formation. 
However, such studies have been precluded because 
HBV replicates only in human and chimpanzee livers, 
not allowing use of model animals or cell cultures for 
detailed studies. The only informative way to approach 
these problems at present is to analyze the structure of 
integrated HBV DNA in HCCs and compare it with the 
known structure and function of the virus DNA. 

Recent studies have shown that the HBV genome 
carries four coding frames, all of which are located on 
the same DNA strand. The genome also carries a unique 
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region called the cohesive end region, which joins the 
linear, incomplete virus DNAs into a circle. This region 
is flanked by two l l-bp direct repeats called DR1 and 
DR2 (see Fig. 1). The whole genome is transcribed from 
DR1 into pregenome RNA that is used as mRNA as well 
as the template for minus-strand DNA synthesis. Other 
RNA syntheses start at sites in front of PreS and S genes, 
and all of them, inclusive of the pregenome RNA, termi- 
nate just right of DR1 in Figure 1, viz.,, outside of the 
cohesive end region. The minus-strand and plus-strand 
DNA syntheses start at DR1 and DR2, respectively, and 
proceed in opposite directions (Seeger et al. 1986). Thus, 
the cohesive end region carries most of the sites related 
to DNA and RNA syntheses. Some of the genes and sites 
are displayed schematically along the linearized virus 
genome in Figure 1. 

Several groups have analyzed the integrated HBV 
DNA and proposed different integration mechanisms 
{Dejean et al. 1983, 1984; Koike et al. 1983; Koch et al. 
1984; Shaul et al. 1984; Mizusawa et al. 1985; Yaginuma 
et al. 1985: Ziemer et al. 1985; Choo et al. 1986; Miller 
et al. 1985). For example, Dejean et al. (1984) saw in two 
cases that DR1 or DR2 in virus DNA is located at the 
virus-cel l  DNA junctions and proposed that DRs will 
play a role in integration. Yaginuma et al. (1985) ob- 
served that an integrated HBV DNA is flanked by re- 
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Figure 1. (See facing page for legend.) 

peating sequences originating from the host target se- 
quence and claimed that the integration may be carried 
out by a mechanism similar to the one acting in retro- 
virus DNA integration. Koch et al. (1984), on the other 
hand, detected a patch homology between the inte- 
grating virus DNA and cellular DNA sequences and pro- 
posed that such a homology may play some important 
role. The apparent discrepancy could reflect various 
ways of HBV DNA integration into cellular DNA. Alter- 
natively, the virus DNA could integrate into cellular 
DNA in a unique fashion, but the diversity could be 

brought about by subsequent rearrangements. Since re- 
sults from a small number of HCC samples could simply 
reflect a special reaction that does not necessarily repre- 
sent the general phenomena, one must handle a reason- 
ably large number of samples to obtain insights into the 
mechanism acting in the integration process or the sub- 
sequent reaction. 

A fair amount of data on sequences of virus-host 
junctions and the structure of the integrated virus 
genome has been published recently by two groups, both 
of which examined HBV DNA in cell line PLC/PRF/5 
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Figure 1. Structure of the integrated HBV sequences. At the top of the figure, the whole HBV genome is represented. The long thin 
line shows the minus strand with the DNA-linked protein (0), the short thin line represents the plus strand. The length of the HBV 
genome is indicated in kilobases, numbering from the hypothetical EcoRI site of sybtype adr (Ono et al. 1983; Fujiyama et al. 1983). 
Open reading frames and their direction of transcription are represented by filled arrows. (S) HBsAg (preS), pre-S region; (C) HBcAg; (X) 
X gene. The P gene is omitted for clarity. DR1, DR2 are the 11-bp direct repeats whose starting points are 1590 and 1824, respectively. 
The region in between DR1 and DR2 is the cohesive end region. HBV genome regions that are covered by the integrated virus DNA 
are shown by solid bars. The virus DNA that has one continuous portion(s) of a circular HBV genome is represented by a single solid 
bar aligned in the same level. Deletions in the genome are represented by dotted lines. The complex-type virus DNA that consists of 
two or more HBV genomes whose regions are overlapping, at least in part, is represented by multiple solid bars aligned in different 
levels, each representing different units of the virus genome, and connected by tilted dotted lines. Solid thin lines represent flanking 
human DNA. Encircled numerals show the number of the human chromosome in which the flanking DNA was assigned (see text). L 
indicates that the cloning vector is directly joined to the virus DNA. Alu and Satellite III indicate that the cell DNA at the junction is 
homologous to either Alu repeating sequence or Satellite III sequence, respectively. 

(Ziemer et al. 1985; Koch et al. 1984). Altogether seven 
independent  virus D N A  integrants, which seem to rep- 
resent a lmost  all of the integrated HBV genomes in this 
cell line were analyzed. The results showed that  all the 
integrated HBV DNAs  are in fragmented or rearranged 
forms. No unique target sequences for insertion were 
found in either cellular or HBV DNA. However, here 
again, these samples were obtained from only one partic- 
ular HCC cell line; therefore, one cannot el iminate a 
possibility that  these results have biases that  reflect a 

special event associated with  the integration or the sub- 
sequent rearrangements  in the founder cell. Apparently, 
gathering more experimental  data from as many  inde- 
pendent H C C  samples as possible is needed to extract 
the general feature of integration. 

We prepared and analyzed 19 D N A  samples that  carry 
v i r u s - h o s t  D N A  junctions originating from seven inde- 
pendent h u m a n  hepatomas.  The results showed that  in 
about half of the samples, the joining of virus to cell 
D N A  occurred wi th in  the region between the two DRs 
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in the virus genome. The results also showed, as a gen- 
eral feature, that the integrated virus genomes would 
not serve as active templates for synthesis of virus pre- 
genome RNA that acts as an mRNA as well as a tem- 
plate for the first DNA strand synthesis (Summers and 
Mason 1982; Seeger et al. 1986). Given these observa- 
tions, the possible intermediates for integration are dis- 
cussed. 

Results and discussion 

All  the integrated virus genomes are defective 

From seven independent HCCs, we obtained 19 k clones 
that carry integrated virus DNA (Table 1). Sixteen of 
them had both "left" and "right" junctions of the inte- 
grated virus DNA, allowing analyses of their structures. 
Each cloned DNA corresponded to a band in Southern 
blotting profiles prepared from the original cell using the 
same enzyme. 

We determined the structure of integrated virus 
genomes by constructing fine cleavage maps of the virus 
DNA and by sequencing or by hybridizing against sub- 
genomic HBV DNA probes. Nineteen such structures, 
including unfinished ones (C6 and C1) that are too com- 
plex to analyze, are displayed in Figure 1. Because the 
major aim of this work is to obtain insights into general 
features of integrated HBV DNA, we also incorporated 
into the same figure 13 other reported cases (Dejean et 
al. 1984; Koch et al. 1984; Mizusawa et al. 1985; Ya- 
ginuma et al. 1985; Ziemer et al. 1985; Hino et al. 1986}. 

A remarkable feature of the integrant virus DNAs is 
that none of them carry an intact, contiguous, whole 
genome of the virus. This means that none of the inte- 
grant virus DNA in HCC can serve as a template for syn- 
thesis of pregenome RNA, which will be used as an 
mRNA or later as a template for virus DNA replication 
(Summers and Mason 1982; Tsurimoto et al. 1987). HBV 

Table 1. HCC tissues used and k clones that carry the 
integrated lib V genom e 

Serological 
HCC tissue a markers b ~ Clones obtained 

3 sAg, cAb p 17-1 (HindIII) c 
7 sAg p2, p4, pl0-1 (EcoRI) 
8 sAg pY (HindIII) 

11 sAg, eAb p12-1 (HindIII) 
21 sAg DA2-2, DA2-6 {EcoRI) 
22 sag p740 {EcoRI) 
PLC342 sAg C1, C5, C6, C13, C15, 

C19, C25, C29, C30, 
C35 (EcoRI) 

a All the tissues, except for 22 and PLC342, are dissected HCCs. 
They were obtained from: (3) Department of Microbiology of 
Tohoku University; (7, 8, and 11) Fourth Department of In- 
ternal Medicine, Osaka University Medical School; (21) Depart- 
ment of Pathology, University of Tokyo (22 and PLC342) origi- 
nate from dissected HCCs, propagated in nude mice (Matsui et 
al. 1986). 
b Only checked markers are listed. 
c Enzymes used for cloning are shown in parentheses. 
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DNA replication in HCC, if it occurs, may do so by 
using a free, unintegrated virus genome as a template. 
One exception is MA22 (Dejean et al. 1984), which 
seems to carry a contiguous genome more than one unit 
in size. Its structure, however, has not been critically 
examined. It is likely that MA22 consists of more than 
two genome fragments whose junction(s) has been over- 
looked. 

A majority of the integrated HBV genomes are deleted 
in or around the cohesive end region, and very few of 
them carry both intact DR1 and DR2. For the same 
reason, gene X, which spans the cohesive end region, is 
defective in almost all of the cases. An enhancer se- 
quence is located at about 200 bp upstream from the X 
gene (Shaul et al. 1985). The deletion of the X gene re- 
gion or cohesive end region upon integration may some- 
times bring a cellular gene close to the enhancer; in such 
cases, the integrated virus genome will act as a portable 
enhancer for the cellular gene. 

Coh integrants that carry virus D N A  integrated within 
or around the cohesive end region 

To examine more closely the sites or sequences in the 
virus DNA used for integration, we extracted subfrag- 
ments that carry virus-cell DNA junctions from the k 
clones. The results of sequencing studies with 32 junc- 
tions are shown in Figure 2, with the host sequence on 
the left side and the virus sequence on the right side. 

As previously reported (Ziemer et al. 19851, the se- 
quences at the switch points are nonunique. However, 
five clones of the 19 samples (pY, DA2-2, C1, C25, C30) 
have one of the switch points very close to DR1 or DR2 
sequences (shown by boxes in Fig. 2). Three more clones 
(p12-1, DA2-6, C13) have the switch points within the 
virus cohesive end region, which lies in between DR1 
and DR2 (Fig. 3; see below). Thus, out of 19 clones, eight 
have at least one of the virus DNAs ending at the DR or 
within the cohesive end region. For the sake of sim- 
plicity, we will call them Coh integrants. 

In addition to the data above, seven clones among 13 
reported samples (KDT1, KIA22, 26, hhu489, huH2-2, C3, 
C4) also are Coh integrants. Combining these results, 
Coh integrants amount to 15 out of 32 clones analyzed. 
These results demonstrate that it is the cohesive end re- 
gion of the virus genome, rather than the DRs (Dejean et 
al. 1984), that predominantly appears at the switch 
point. The predominant appearance of Coh integrants is 
likely to reflect the mechanism of integration. 

Figure 3 displays the virus-cell junctions represented 
by arrowheads pointing from the cell DNA toward the 
integrated virus DNA. This figure also shows the recom- 
bination-proficient regions along the virus genome, as 
defined by having at least four DNA junctions in Figure 
1 within a stretch of less than 24 bp. These regions are 
marked by Roman numerals. Regions II-IV lie within 
the cohesive end region. Regions II and IV coincide with 
DR2 and DR1, respectively. 

There are 18 virus-cell junctions in the cohesive end 
region carried by the 15 Coh integrants described above. 
Of these junctions, 13 are clustered around DR1, nine 
leftward and four rightward. Five junctions are clustered 
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around DR2, two leftward and three rightward. In total, 
half of the v irus-ce l l  junctions that lie in this region are 
concentrated around DR1 with leftward direction. 

These observations strongly suggest, though do not 
prove, that intermediates of replication or transcription 
act as "substrates for integration"; such intermediates 
will  provide the single-stranded DNA at or around the 
cohesive region that is used for strand invasion into cell 
DNA. If minus-strand DNA invaded, then virus DNA 
that lies to the left of the junction in Figure 3 should 
appear. The nine junctions accumulating around DR1, 
could fit this model. If plus-strand DNA invaded, then 
rightward junctions in this region should appear. There 
are several rightward junctions around DR2. However, 
invasion of minus-strand DNA looks much more active 
than that of plus-strand DNA. 

One could argue that circular viral DNA or tandemly 
arranged genomes could also act as intermediates for in- 

tegration; such integration must involve preferential 
"activation" of the cohesive end region, in analogy with 
integration of retrovirus genomes (Varmus and Swan- 
strom 1985). However, there is no available evidence at 
the present time that supports the presence of such an 
integration system. Neither is there any evidence to 
show the appearance of tandem structures. 

One could also argue that the virus DNA might have 
integrated randomly along its genome, but random inte- 
gration was followed by preferential loss of DNA in the 
cohesive end region. However, this model requires an- 
other assumption to explain why and how such prefer- 
ential loss takes place. In addition, the observation by 
Tsurimoto et al. (1987) that three tandemly arranged, 
complete HBV genomes can be perpetuated in integrated 
form in a hepatoblastoma cell line presents a view op- 
posed to the obligatory deletion of the viral DNA inte- 
grants. 

Clone Cell Virus 
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1999 
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Figure 2. Nucleotide sequences of the human-virus DNA junctions. Human sequences are shown on the left side and virus se- 
quences on the right side. The nucleotide numbers of the virus genome appearing at the junctions are presented under the sequence. 
The arrowheads show the direction of the viral genome, pointing toward increasing nucleotide numbers. The nucleotide sequences 
that appear in the DRs of the HBV genome are shown by boxes. The virus sequences that are located in the cohesive region are 
underlined. Alu and Satellite III represent those human sequences that are homologus to Alu repeating sequence (Houck et al. 1979) or 
Satellite III sequence (Deininger et al. 1981), respectively. 
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Figure 3. Distribution of virus-cell  (V/C) and virus-virus (V/V) recombination sites along HBV genome. The virus-virus junctions 
that can be accounted for by deletions in the genome are not displayed. The minus and plus strands of the HBV genome, coding 
regions, and direction of transcription and nucleotide numbering are indicated as in Fig. 1. The three wavy lines represent the HBV 
mRNAs. Each arrowhead represents the position of the junction and the direction pointing toward the HBV DNA. For example, 
rightward arrowheads show that virus DNA lies to the right of the junction. Leftward arrowheads show the reverse situation. The 
borders of the cohesive end region that lie in between DR1 and DR2 are indicated by dotted vertical lines. Recombination-proficient 
regions, which are defined by having at least four DNA junctions within a stretch of less than 24 bp, are represented by filled boxes 
and marked by Roman numerals: Region I, 1406-1416; II, 1593-1614; III, 1780-1800; IV, 1816-1825; V, 2836-2856; VI, 3101-3124. 
Junctions located in such recombination-proficient regions are represented by filled arrowheads. 

We were no t  able to f ind any  un ique  features for the 
o ther  end of the  in tegrated virus genome.  Therefore,  at 
th i s  stage we assume tha t  i t  is formed by r andom recom- 
b ina t ion  w i t h  cell DNA.  

Other recombination-proficient regions along the HBV 
genome 
Upon  a closer look  at Figure 3, the  d i s t r ibu t ion  of the  
v i r u s - c e l l  D N A  junc t ions  suggests tha t  the  HBV 
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genome has some recombination-proficient regions 
other than the cohesive end region. Examples are the re- 
gions V and VI that lie in front of the pre-S gene and S 
gene, respectively. Ziemer et al. (1985) have made a sim- 
ilar observation. These sites correspond to the initiation 
sites for 2.4-kb and 2.1-kb mRNAs (Rail et al. 1983; 
Standring et al. 1983; Cattaneo et al. 1984). 

Altogether, these observations favor the idea that 
there is some correlation between RNA production and 
integration or recombination, suggesting intervention of 
reverse transcriptase. More data are needed to clarify 
these problems. 

The virus-virus DNA junctions 

Interestingly, the cohesive end region of the virus 
genome also seems to be preferred for the formation of 
v i rus-vi rus  junctions. In Figure 3, seven junctions are 
located in or around the cohesive end region, and of the 
13 integrants previously reported, two have the same 
feature. This suggests that such virus-virus  DNA junc- 
tions have been formed by a mechanism similar to that 
acting in production of the Coh integrants. Such ques- 
tions as when one virus genome integrates into another 
and why the vi rus-vi rus  junctions appear so frequently 
await further elucidations. 

Temporary augmentation of integration and 
recombination reactions 

Tsurimoto et al. (1987) constructed an HCC cell line 
that produces Dane-like particles and demonstrated that 
almost all the newly produced virus DNA molecules are 
in encapsidated form, suggesting that such molecules 
will not see cell DNA. In patient liver, on the other 
hand, very active virus replication is observed some- 
times, and a large amount of virus DNA is detected in 
"free" form. It may be only under such circumstances 
that the "substrates for integration" are available. One 
must  doubt if such a condition will last for many cell 
generations. 

Southern blotting analyses done with many HCCs in 
many laboratories have shown that most of the tumor 
cells are monoclonal and that such cells carry multiple 
integrants. Cases of single integrants have been reported, 
but they are not common. Although multiple, the inte- 
grated HBV DNAs in HCCs are stable, as shown by 
monoclonality of their Southern blotting profiles. 

These observations strongly suggest that integrations 
took place for a relatively limited period of time under 
limited conditions (augmented period for integration) in 
the infected cells; such cells must  have survived while 
allowing active recombination and/or accumulation of 
active "substrates," and their activity for integration ter- 
minated by changes in the rate of virus growth or cel- 
lular physiological conditions. It may be that such cells 
were rendered refractory to virus replication or became 
unable to keep producing free virus DNA "substrates" 
or to supply recombination systems. 

Cell DNA used as a target for virus integration 

Yaginuma et al. (1985) found a case where direct repeats, 

HBV DNA integration 

apparently derived from the target cell DNA sequence, 
flank the integrated HBV DNA. Given this observation, 
they proposed that HBV DNA may integrate via a mech- 
anism analogous to that acting in the integration of ret- 
rovirus DNA or in the formation of a pseudogene. 
Among the 27 cases that carry both "left" and "right" 
junctions, theirs is the sole case that has the flanking 
direct repeats. Therefore, it seems that their proposed 
model is a rather remote one for the HBV DNA integra- 
tion in general. Koch et al. (1984) saw a small-patch ho- 
mology between the virus and cell DNA sequences out- 
side the switch point. Such short homologous sequences 
can be found with almost any combination of two DNA 
sequences; therefore, their significance is not clear. 

No unique cellular site(s) for HBV DNA integration 
has been found so far (see Fig. 2), except that Alu re- 
peating sequences (Houck et al. 1979) were used as the 
targets for integration in four cases (p2, p740, C6, C19). 
In one case (DA2-2), the target was human satellite III- 
related DNA (Deininger et al. 1981), which was also 
found at the junction in clone 23 (A123) (Shaul et al. 
1986). Except for the weak preference shown for re- 
peating sequences, the HBV DNA seems to select no 
unique cell DNA sequence as the target for integration. 

The present data do not, however, eliminate a possi- 
bility that a unique cell sequence(s) is selected in the 
integration process, but it does not lie right at the site of 
v i rus-cel l  DNA switch point. 

Chromosome assignment of the integrated site 

DNA fragments that carry a nonrepetitious, unique se- 
quence were prepared as hybridization probes from the 
flanking cellular DNAs in each integrant (see Table 2). 

Table 2. Assignment of the flanking cellular DNA probe to a 
group of chromosomes 

Restriction site 
and size of Assigned group of 

Probe the probe a chromosomes 

p4 EX 0.3 kb 9, 10, 11, 12 
pl0-1L EHc 0.4 kb 9, 10, 11, 19. 
pl0-1R XbHc 0.3 kb 9, 10, 11, 12 
pYL HG 0.3 kb 9, 10, 11, 12 
pYR BG 0.6 kb 9, 10, 11, 12 
p12-1 HHc 0.3 kb 6, 7, 8, X 
DA2-2L HaeIII 0.7 kb 6, 7, 8, X 
DA2-2R HaeIII 0.55 kb 16, 17, 18 
DA2-6L EHc 0.2 kb 9, 10, 11, 12 
DA2-6R HaeIII 0.4 kb 3, 4, 5 
CSL EX 1.3 kb 1, 2 
C5R HpaII 0.2 kb 1, 2 
C15 EX 0.8 kb 3, 4, 5 
C29L BglII 1.2 kb 3, 4, 5 
C29R HaeIII 0.3 kb 3, 4, 5 

Probes representing either side of the integrating HBV DNA are 
discriminated by the symbol L or R. Thus, for example, two 
probes from "left" and "right" flanking cellular DNAs of p 10-1 
are designated pl0-1L and pl0-1R. 
a Restriction enzyme abbreviations are shown as follows: (B) 
BamHI; {E) EcoRI; (G) BglII; (H) HindIII; (Hc) HincII; (X)XhoI; 
{Xb) XbaI. For example, the probe prepared from p4 is 0.3 kb in 
size; one end is cut with EcoRI and the other end with XhoI. 
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Condensed chromosomes in a karyotypically normal 
human lymphoblastoid cell line were prepared and 
sorted into eight fractions, which carry chromosomes 1, 
2; 3, 4, 5; 6, 7, 8, and X; 9, 10, 11, 12; 13, 14, 15; 16, 17, 
18; 19, 20; 21, 22, us ing  f luorescence-act iva ted  cell 
sorter. D N A  in each fract ion was subjected to Southern  
analysis  us ing  the  probe described above. This  a l lowed 
us to assign the  probe D N A s  to a group of ch romosomes ,  
as s h o w n  in Table 2. To assign each probe to a un ique  
c h r o m o s o m e ,  a smal l  set of h u m a n - m o u s e  hybrid  cell 
panels  was e m p l o y e d  for discordant  assay. Since we have 
the  resul ts  of Table 2, in t ens ive  discordant  assays were  
unnecessary .  The  results  are s h o w n  in Table 3 and are 
co l lec t ive ly  displayed in Figure 1 (assigned c h r o m o s o m e  
n u m b e r s  are represen ted  by encirc led numerals) .  The  
f lanking  cel lular  sequences  f rom both  sides were  as- 
s igned to the  same  c h r o m o s o m e  in the  major i ty  of the 
samples,  but  in DA2-2 and DA2-6, they  were  assigned to 
different  ch romosomes ,  showing  that  there  m u s t  have 
been  rea r rangement s  of ch romosomes .  

C h r o m o s o m a l  a s s ignments  of HBV D N A  in tegra t ion  
sites have  been  done  by three  groups. Seven in tegrants  
have  thus  been  s tudied  and were  assigned to chromo-  
somes  3 (Dejean et al. 1986), 6 (Hino et al. 1986), 1 lp13- 
p14 (Rogler et  al. 1985), 11q22, 15q22-q23, 18q12 (Bow- 
cock et al. 1985), 17, and 18 (Hino et al. 1986). Alto- 
gether,  these  resul ts  indica te  that  targets for HBV 
in tegra t ion  lie on at least  11 different c h r o m o s o m e s  and 
suggest  tha t  HBV D N A  does no t  show a strong prefer- 
ence  for a par t icular  c h r o m o s o m e  for integrat ion.  How- 
ever, three  of our clones and two reported cases are as- 
s igned to c h r o m o s o m e  11, a figure tha t  is h igher  than  
tha t  expected  for r andom dis t r ibut ion.  Further  work, in- 
c luding  the  a s s ignmen t  of locat ions  in individual  chro- 
m o s o m e s ,  is needed  in this  respect. 

Conclusion 

Our studies have shown the importance of handling a 
reasonably large number of samples to infer the process 
of integration when analyses of the integrants are the 
only approach to study the problem. There have been 
several conflicting models based on analyses of only a 
limited number of samples, but now most of them have 
been eliminated. To penetrate more deeply into the 
problem, however, a culture cell system that allows 
virus DNA integration is awaited. 

Materials and methods 

DNA 

Table 1 lists the HCC tissues or HCC-originating cells propa- 
gated in nude mice used in this work. DNA was extracted from 
the HCC tissues or cells using the procedure developed by Fa- 
sano {Fasano et al. 1984). Each DNA, subjected to Southern hy- 
bridization (Southem 1975), showed multiple integration pro- 
files (data not shown). 

Cloning 

The HCC DNA was digested with EcoRI or HindIII, which does 
not cleave within typical genomes of HBV subtype adr (Fu-  

T a b l e  3. Discordant chromosome assignments 

Chromosome Probe 

Hybrid cell 1 2 C5L C5R 

TA1A + - - - 
II5 - + + + 
Conclusions Chromosome 2 2 

Chromosome 

Hybrid cell 3 4 5 

Probe 

C15 C29L, R DA2-6R 

HM31 - + - 
TA3A + - - 
III'27910 - - + 
III'2 - + + 
Conclusions Chromosome 

_ D - -  

÷ - -  - -  

-- + + 

- + + 

3 5 5 

Chromosome Probe 

Hybrid cell 6 7 8 X p12-1 DA2-2L 

HM22 + . . . . .  
HM23 + . . . . .  
TA1A - + - - + - 
Conclusions Chromosome 7 8 or X a 

Chromosome Probe 

Hybrid cell 9 10 11 12 p4 pl0-1L, R pYL, R DA2-6L 

HM06 - + + - + 
TA1A - + - + - 
p23-7-10-13 - - + - + 
Conclusions Chromosome 11 

+ + - 

+ + - 

11 11 9 

Chromosome Probe 

Hybrid cell I6 17 18 DA2-2R 

HM23 - - + - 
HM06 - + + + 
HM09 - + - + 
TA1A + - + - 
Conclusion Chromosome 17 

Mouse-human hybrid cells were obtained from Dr. Y. Kaneda 
(Osaka University), except for TA1A and TA3A, which were 
provided by Dr. N. Shimizu (Keio University). Only the rele- 
vant chromosome karyotypes are shown. DNA from each hy- 
brid cell was subjected to Southern blot analyses using the 
probes as shown. ( + ) and ( - ) indicate the presence and absence, 
respectively, of positive bands in the blots. 
a Later assigned to X by using a cell line that carries reciprocally 
translocated chromosomes (T. Tokino et al., in prep). 

jiyama et al. 1983; Ono et al. 1983). The digested DNA frag- 
ments were cloned into the EcoRI site of ~, Charon 28 (Blattner 
et al. 1978) or the HindIII site of ~ Styx 28, a derivative of 
Charon 28 whose BamHI site was converted into a HindIII site 
using a synthetic DNA linker (this work). Clones carrying the 
integrated HBV genome were selected by using full length HBV 
genome DNA, that has been separated from pBR322 DNA by 
preparative agarose gel electrophoresis (Fujiyama et al. 1983) as 
a probe. 

Determination of the structure of integrated HBV genomes 
and the virus-host junctions 

The clones carrying human DNA fragments with integrated 
HBV genomes were purified, and the inserts were recloned into 
pBR322. Fragments were subjected to restriction enzyme map- 
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ping and Southem hybridization analysis using HBV DNA 
probes, and those that carry the virus-cell  DNA junctions were 
subjected to sequencing by the dideoxy method (Sanger et al. 
1977). 

Chromosome assignment of the integrated site 

Chromosomal assignments were done as according to the pro- 
cedures developed by Fukushige et al. (1986). A human lympho- 
blastoid cell line, GM0131, carrying a normal karyotype was 
obtained from the Human Genetic Mutant Cell Repository 
(Camden, NJ). Condensed chromosome suspensions from these 
cells were prepared according to the polyamine methods of 
Sillar and Young (1981) and sorted into eight fractions by using 
a fluorescence-activated cell sorter CHROSS-1 (Japan Spectro- 
scopic Co., Ltd.), and the DNA from each sorted chromosome 
(5 x l0 s chromosomes) was digested by a restriction endonu- 
clease, followed by electrophoresis and Southern blottings. The 
blots were hybridized to unique cellular DNA probes as pre- 
pared from the cellular DNAs flanking the integrated HBV 
DNAs. To prepare the probes, the cellular DNA in each inte- 
grant clone was extracted, fragmented by several restriction en- 
zymes, and then selected for those that do not give smears 
when used as probes in Southern hybridization of total human 
genome DNA. Next, each probe was assigned to a unique chro- 
mosome by discordant assay using a small set of human-  
mouse hybrid cell panels (Results and discussion). Southern hy- 
bridizations were done under stringent conditions with a2P-la- 
beled DNA probes using a Multiprime DNA labeling system 
(Amersham). 
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