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Hepatitis B virus (HBV), the major
cause of viral hepatitis, has been epide-
miologically linked to liver cancer (/, 2).
To understand the pathogenesis of HBV
infection during acute and chronic dis-
ease processes, it is essential to separate

to high-frequency transfection provided
a genetic test for cytopathologic effects
that can be followed by analysis of the
factors that regulate HBc gene expres-
sion in the stable gpt*/HBc" population
12).

Abstract. A protoplast fusion method was developed to stably transfect human
cells with pSV2-derived plasmids at frequencies greater than 1073, This procedure
made it possible to test the biological effect of a hepatitis B virus (HBV) gene
independent of the viral structures required for infection. A pSV2gpt* plasmid
constructed to carry a subgenomic fragment of HBV that contained the core antigen
gene (HBc gene) was transfected into human cells. A human epithelial cell line was
stably transfected with the HBc" gene by selecting recipient cells for expression of
guanine phosphoribosyl transferase expression. With this gpt*/HBc" cell line it was
shown that growth in serum-free medium or treatment with 5'-azacytidine stimulates
the production of the HBV core antigen. A hepatocellular carcinoma carrying the
entire HBV genome was stimulated to produce the HBc gene product in response to
the same factors that stimulated HBcAg production in the gpt"/HBc* cell line
constructed by transfection. The temporal relation between the cytopathologic
response and HBc gene expression was similar for both cell types, indicating a
primary role for HBc gene expression in the cytopathology of HBV-infected human

liver.

various viral genetic elements and to
study their biological effects and molecu-
lar biology in a model cell system in
vitro. The HBV genome has been isolat-
ed on multicopy plasmids, and the pri-
mary DNA sequence of several subtypes
have been described (3-7). By adapting
the protoplast fusion method of transfec-
tion (8-10) for transfer of pSV2-derived
plasmids (/1) to a variety of human cells,
including cells grown in serum-free me-
dia, we can transfect genes into human
cells for isolation of genetically stable
cell lines at frequencies greater than
1073, With this procedure, the HBV core
antigen (HBc) gene was transiently ex-
pressed in 70 to 90 percent of recipient
cells for 6 to 12 days after transfection,
and gpt* (guanine phosphoribosyl trans-
ferase positive/HBc*) cells were select-
ed at frequencies greater than 1073, The
immediate response of the recipient cells
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Total genomic HBV-DNA has been
transfected into a variety of mammalian
cell recipients by the CaPO4-DNA meth-
od (13-19). A subgenomic fragment car-
rying the HBV surface antigen (HBsAg)
gene has been transfected and stably
expressed in a COS (simian) cell line
(18). The emphasis of these experiments
has been on (i) production of HBsAg,
which is immunologically indistinguish-
able from that produced during HBV
infection (/4, 17-19), (ii) the production
of virus-like particles resulting in tran-
sient cytopathologic effects in Hela
cells (I16), and (iii) the study of viral
transcripts (13, 15). However, the effect
of HBc gene expression was difficult to

discern from these studies, since recircu-
larized HBV genomic DNA was trans-
fected without a selectable marker (/6).
These experiments did not result in a
stable cell line carrying only the HBc
gene for studies of HBc gene expression.
Transfer of tandem duplicates of the
HBV genome into rat and mouse cells
yielded stable cell lines producing de-
tectable levels of HBsAg and HBeAg,
but not HBV core antigen (HBcAg) (16,
17). The HBsAg/HBeAg-positive rodent
cells did not demonstrate a cytopatholo-
gic response to detectable levels of these
HBYV gene products (16, 17). Transfec-
tion of HelLa cells with recircularized
HBYV resulted in notable cytopathology
when HBsAg, HBcAg, and virus-like
particles were observed (/6). The simi-
larity of these effects to those observed
with Dane particle-infected liver hepato-
cytes (16) suggests that human carcino-
ma cells may provide effective model
recipients for transfection experiments
with subgenomic fragments of HBV.

High-Frequency Transfection of

Human Cells

The frequency of stable transfection
into NCI H292 [previously referred to as
HuT 292 (20, 21)] cells with pSV2-de-
rived plasmids was 3 x 1073 after selec-
tion for the gpt* (11) or neo* (22) mark-
ers in recipient cells (Table 1). Cells with
the gpt™ marker can be selected on the
basis of their ability to convert xanthine
to guanine when grown in medium con-
taining aminopterin and mycophenolic
acid (/1); the neo* (neomycin) marker
can be selected by growing the cells in
medium containing G418-neomycin (22).
The adapted protoplast fusion procedure
described here yields substantially high-
er frequencies of stable transfection into
NCI H292 cells than the CaPO,DNA
method. The fraction of recipient cell
populations that are selectable for stable
transfection of the gpt™ or neo® genes
remains constant when recipient cells
are challenged by selection within 72
hours or grown (three to ten divisions) to
reach confluence after the transfection
procedure. Thus, the biological effects of
unstable expression of transferred genes
in 70 to 90 percent of the population were
observed after transfection, without re-
ducing the gpt*-resistant fraction of the
original population of recipient cells.
NCI H292 cells were tested for their
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ability to be transfected by CaPO4-DNA
(23) with pSV2 gpt* or neo™ plasmids.
Stably resistant cells were unobtainable
by the selctions used to obtain transfect-
ed cells after protoplast fusion (Table 1).
The physical methods used here to intro-
duce exogenous DNA are relatively non-
toxic. The development of protoplast
fusion for human cells grown in serum-
free conditions results in a procedure
that is applicable to a variety of human
cell types. However, we found that the
human cell types we tested were sensi-
tive to this fusion procedure when grown

Pe

pKYC 200
(7200 bp)

in Dulbecco’s minimum essential medi-
um (DMEM). Efficient use of the method
required adaptation of these cells to
growth in serum-free medium LHC-4
(20, 21), RPMI 1640 medium, MCDB 104
(24) or MCDB 151 (25) nutrient media.
To test the biological effects of the
HBc gene, we constructed a hybrid
plasmid carrying the HBc gene on an
1850-base pair (bp) Bam HI fragment
ligated to the Bam HI site of pSV2gpt
(pKYC200) (Fig. 1). The HBc* Bam HI
fragment came from plasmid pAMS,
which carries the HBV genome on

Fig. 1. Construction of plas-
mid pKYC200. The HBc gene
was localized on an 1850-bp
Bam HI fragment from plas-
mid pAM6. Plasmid pAM6
contains the HBV genome li-
gated into pBR322 at the Bam
HI site that separates the HBV
surface antigen gene (HBs)
from its native promoter (/9).
The 1850-bp Bam HI frag-
ment, released by the Bam HI/
Pst I digest of pAM6 DNA,
was isolated by ligation to
pSV2gpt DNA at a 100-fold
molar excess of fragment
DNA to vector DNA. HB101
colonies carrying the pSV2gpt/
HBc gene fragment were se-
lected for resistance to ampi-
cillin.

ApR
(E.coli)

Fig. 2. The morphology of human cells expressing the hepatitis B core antigen gene (HBc gene).
(A and B) NCI H292 transfected with pKYC200, which carries the 1850-bp Bam HI fragment
from the HBV genome (GTC2). (C and D) NCI H292 transfected with the vector pSVgpt
(GTC1). These cultures were incubated in LHC-4 medium with 5 percent serum (L4-5S) for 3
days (A and C) and 9 days (B and D) prior to selection of the cultures for stable gpt™ recipient
cells. (E) The biological crisis that occurs when HBc gene expression reaches its maximum after
5’-azacytidine treatment of GTC2 and two passages in L4-5S medium. (F) The biological crisis
of Alexander cells, which occurs at the second passage of these cells in L4-5S medium or
following treatment with 5'-azacytidine treatment and growth in MCDB 104 medium containing
2.5 percent FBS (MC-2.5). The cell detachment in (E) and (F) coincides with the peak
production of HBc gene product.
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pBR322 (/4). Although there is signifi-
cant variation among subtype se-
quences, the 1850-bp region carrying the
HBc gene is reasonably conserved, and
the only complete structural gene on this
fragment encodes the HBc gene (3-7).
The Bam HI site upstream of the HBc
gene is mapped just within an open read-
ing frame which is designated X since
there is no defined transcript or gene
product yet assigned to this region. Con-
sistent with mapping data that locate
Bam HI within the X-region open read-
ing frame (3-7), we have sequenced the
Bam HI fragment of pKYC200 and find
neither a complete reading frame nor a
potential fusion reading frame that would
express the X-region of pKYC200. The
Bam HI fragment on pKYC200 places
the HBc gene in opposite orientation to
the SV40 promoter of pSV2 that ex-
presses the gpt™ gene (Fig. 1). This
suggests that the HBc gene on pKYC200
is probably expressed from a native pro-
moter between the AUG (adenine, ura-
cil, guanine) triplet at bp 451 and the
Bam HI site. High-frequency transfec-
tion of pKYC200 into a human epithelial
cell line with secretory properties such
as NCI H292 provides a genetic test for
the biological consequences of HBc gene
expression separate from the rest of the
HBYV genome.

After high-frequency transfection of
NCI H292 grown in serum-free medium
(20, 21) with pSV2gpt (GTCI) or
pKYC200 (GTC2), transfected cultures
were observed during growth to conflu-
ence (6 to 12 days). GTC2 cells become
vacuolated and granular within 72 hours,
and when these cultures approach con-
fluence, cytopathologic changes are ap-
parent in 70 to 90 percent of the popula-
tion (Fig. 2). However, cells transfected
with the vector pSV2gpt remain morpho-
logically indistinguishable from the par-
ent cells (NCI H292) (Fig. 2). The results
shown in Fig. 2, A through D, indicate
that the transient expression of genes
during the period immediately following
the procedure provides a useful screen-
ing method to determine the cytopatho-
logic potential of subgenomic fragments
of viral DNA before obtaining a stable
population of cells carrying the viral
gene by selection for gpt* expression.

High-frequency transfection into hu-
man cells required significant modifica-
tion of the protoplast fusion methods
developed for murine, simian, and HeLa
cells (8-/0). Protoplasts were prepared
by growth of plasmid-carrying deriva-
tives of HB101 in 250 ml of L-broth to 2
x 108 to 5 x 10® cells per milliliter.
Chloramphenicol was added to a final
concentration of 200 wg/ml and incuba-
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tion at 37°C was continued for 18 to 20
hours to amplify the plasmid copy num-
ber. After centrifugation, cell pellets
were placed on ice and protoplasts were
prepared as follows: (i) the pellets were
resuspended in 2.5 ml of HBS-20 buffer
(26), (ii) 0.8 ml of freshly mixed lyso-
zyme at 10 mg/ml in HBS-20 was added,
and (iii) incubation at room temperature
for 15 to 45 minutes was followed by
microscopic observation of the conver-
sion of Escherichia coli cells to sphero-
plasts to determine when reactions were
complete. After the lysozyme had con-
verted 85 to 90 percent of the cells to
spheroplasts, the mixture was placed on
ice, 0.4 ml of 1.25M CaCl, was added
to stop the lysozyme, and 2.5 ml of
0.25M EDTA was added to chelate ex-
cess Ca**. This mixture was diluted by
slow addition to 12.5 ml of HBS-9 buffer
(26) resulting in a preparation containing
approximately 2 x 10° protoplasts per
milliliter.

The fusion procedure was conducted
by placing 1.0 ml of 48 percent PEG-1000
preparation in each 60-mm dish contain-
ing 5 x 10* cells per dish. The culture
dishes were centrifuged at 850g for 3
minutes to approximate protoplasts and
human cells. The protoplast supernatant
was removed and dishes were flooded
with 2.5 ml of 48 percent PEG-1000
fusion reagent prepared as follows: (i)
PEG-1000 (polyethylene glycol, Baker™
grade) was heated to 42°C; (ii) 300 to 500
ml of this melted reagent was poured into
a large beaker and the pH was adjusted
to 7.4 with concentrated HCI if needed;
(ii) 10 g of Bio-Rad mixed-bed resin
AG501-X8(D) was added and the mixture
incubated for 4 hours at 40°C; (iv) the
PEG-1000 was collected by filtering the
mixture through Whatman paper No. 1
covered by 10 g of unexposed resin into a
vacuum flask; (v) the fusion grade PEG
was weighed while still warm and adjust-
ed to a 48 percent solution by weight by
the addition of MCDB 151 nutrient medi-
um stock. This PEG-fusion reagent was
passed through a 0.22-um filter for steril-
ization and stored at —20°C for as long as
1 year without notable differences in
performance. Storage at 4°C was ade-
quate for several weeks. Preparation
methods that involve excessive heating
(that is, autoclaving) of PEG and expo-
sure to oxygen generate toxic contami-
nants that obviate most of the advan-
tages obtained by application of fusion
methods to human cell culture experi-
ments involving growth in serum-free
media.

Cell and protoplast mixtures were
treated with PEG-fusion reagent for 45 to
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Table 1. The frequency of transfection of human cells (NCI H292) with pSV2-derived plasmids.
Transfection was achieved by protoplast fusion with Escherichia coli strain HB101 carrying
pSV2-derived plasmids and was determined after selection for gpt* or neo* expression. The
growth rates of human cells in culture and frequency of gpt* transfectants were measured by
using the clonal growth assay (20, 21). Those colonies capable of eight divisions in gpt*
selection or four divisions during neo™ selection are stably transfected for these marker genes.
The fraction of colonies continuing to grow as described above indicates the frequency of
transfection for each experiment. Clonal isolation and continued passage indicates that greater
than 90 percent of these colonies are genetically stable. The frequencies listed are averages of
three experiments, the lower limit for detection is 107>, )

Selection Frequency of transfection
Re-
cipient CaPO,-
cell Plasmid Genotype Proto- DNA
desig- gpt™ neo* plast [3mM to
nation fusion 125 mM
Ca2+]
GTCI pSV2gpt gpt* + - 3.2 x 1072 <107°
GTC2 pKYC200 gpt*, HBc™ + - 3.1 x 1073
GTC10 pSV2neo neo* - + 3.4 x 1073 <1073

60 seconds, the mixture was removed,
and culture dishes were carefully washed
three to five times with MCDB 151 medi-
um to remove most of the residual PEG.
Washed cells were covered with LHC-4
growth medium and placed in the incuba-
tor; the medium was changed at 1-hour
intervals for the next 3 hours. The LHC-

WL A A
— 23.5
. — o7
I — 6.8
— 4.3

-——0.59

Fig. 3. Southern blot analysis of nuclear DNA
from gpt* GTC2 cultures. Nuclei were isolat-
ed from gpt*/HBc* GTC2 and NCI H292
cells, and high molecular weight DNA was
purified for restriction and hybridization with
2P-labeled pAM6 DNA. The HBV-probe re-
vealed the presence of HBV sequences by
hybridization to several bands ranging in size
from 0.9 to 10.0 kbp. Lane 1 is Msp I/Bam HI
and lane 2 is Hpa I1/Bam HI digests of paren-
tal DNA (NCI H292). Lane 3 is Msp I/Bam HI
and lane 4 is Hpa II/Bam HI digests of GTC2
DNA.

4 culture medium was subsequently
changed each morning for the next 3
days. Within 48 to 72 hours after the
procedure, transfected cells could be
handled normally, for example, trypsin-
ized for passage. We defined ‘‘stable”
transfectants for this study as those pop-
ulations that maintained the selected
marker in 80 to 90 percent of the cells
after growth for a minimum of ten divi-
sions without selection.

Hybridization Analysis of GTC2 Cells

NCI H292 cells stably carrying the
pKYC200 plasmid (GTC2) were isolated
by selection for the expression of the
gpt* gene (Table 1). The transfected
genes have remained stably integrated
after more than 30 passages of GTC2
cells in RPMI 1640 medium containing 10
percent fetal bovine serum (FBS) (HUT
medium). The gpt* GTC2 cell line was
used to test for the physical presence of
the HBc gene and to ascertain the factors
regulating the expression of the HBc
gene. To detect the physical presence of
pKYC200 sequences in GTC2 cells, high
molecular weight DNA was isolated
from cell nuclei for Southern blot analy-
sis (27, 28). GTC2 DNA was probed with
pAM6 DNA after Bam HI/Hpa II or Bam
HI/Msp I restriction enzyme digests to
detect the presence of pKCY200 se-
quences in nuclear DNA. The pAM6
probe detected sequences between 0.9
and 10 kbp, and no hybridization to NCI
H292 DNA was observed (Fig. 3). Hy-
bridization analysis indicates that nucle-
ar DNA from GTC2 cells contains se-
quences from pKYC200 after transfec-
tion and selection for the gpt* marker
and that such cell lines may be mapped
for gene-specific response to 5'-azacyti-
dine treatment.
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Fig. 4. Indirect immunofiuo-
rescence detection of HBcAg
after 5'-azacytidine treatment
of (A) GTC2 cells and (B) Al-
exander cells. Cells were
treated with 5’-azacytidine as
follows: GTC2 cells were
grown in HUT medium and
Alexander cells were grown in
MC-2.5 medium for 3 to 4 days
before the addition of 5'-aza-
cytidine (2 to 5 pM for NCI
H292 recipient cultures and 5
to 10 pM for Alexander cells).
The cells to be tested were
grown for 3 to 6 days on Fal-
con 3006 Optical Film-lined
dishes, and the immunofluo-

-rescence test for HBcAg was

carried out with a 1:50,000 di-
lution of purified human anti-
HBcAg and a 1:5000 dilution
of rabbit antibody to human
1gG conjugated to fluorescein
isothiocyanate.

Ratio (positive '231-dpm/negative '2351-dpm)
o
— T

P/N ratlo (HBe assay)

1:10° 1:104 1:10%
Dilution anti-HBcAg serum

Passage number

Fig. 5. To quantitatively compare growth conditions that affect the cytopathologic response of
GTC2 cells and HBV-carrying Alexander cells for the production of HBcAg, we adapted the
commercially available HBe radioimmunoassay diagnostic kit (Abbott) for application to the
measurement of HBcAg in extracts from cells grown in culture. The inset shows the response of
the HBe assay kit positive control to the human anti-HBcAg between dilutions of 1:1000 and
1:80,000 (top curve). The observation of no blocking activity for human anti-HBcAg indicates a
high degree of specificity for the HBcAg. The GTC2 extract (bottom curve) yields a P/N ratio of
5.0; however, reaction of the extract with human anti-HBcAg yielded blocking of the kit
response to P/N ratios between 2.8 and 5.0. The P/N ratios measured for cell extracts after
growth in HUT medium are shown for each condition tested by less dense marking of the bars.
The values reached by cell extracts after growth in L4-5S medium are indicated by heavily
marked bars. The bars are labeled as follows: A, measurements of GTCI cells (pSV2gpt™),
grown in HUT or L4-5S medium; B, GTC1 cell extracts after 5’-azacytidine treatment; C, GTC2
cell extracts (pKYC200 gpt*/HBc*); D, GTC2 cells after 5'-azacytidine treatment.
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Measurement of HBcAg in GTC2
and Alexander Cells

GTC2 cells were tested for the pres-
ence of a functional HBc gene by indirect
immunofluorescence assay with an anti-
body to HBcAg (anti-HBcAg; Abbott),
(Fig. 4). Robinson et al. have reported
that a hepatocellular carcinoma cell line
that has carried the HBV genome since
its isolation (Alexander cells) expresses
the HBcAg after S’-azacytidine treat-
ment (29). Therefore, we treated GTC2
cells with 5’-azacytidine before conduct-
ing immunofluorescence assays. Greater
than 90 percent of GTC2 cells expressed
the HBcAg after treatment with 5'-aza-
cytidine (30, 3I1) and growth in LHC-4
with 5 percent FBS (L4-5S) medium
(Fig. 4A). Alexander cells also become
positive for expression of HBcAg after
5’-azacytidine treatment (Fig. 4B).

To quantitate the level of HBcAg ex-
pressed during various growth condi-
tions, we adapted the HBeAg assay kit
(Abbott) for use with cell extracts (Fig.
5). To test the applicability of this kit for
HBcAg measurements in cellular ex-
tracts, we determined a linear positive
response to diluted extracts in the range
used for HBc gene product (32, 33) assay
(data not shown). The anti-HBcAg was
tested for cross-reactivity to HBeAg us-
ing the positive HBeAg control provided
with the assay kit (Fig. 5, inset). The
anti-HBcAg preparation did not cross-
react with HBeAg. The linear blocking
response by anti-HBcAg in the 2.8- to 5-
fold range of the positive to negative (P/
N) ratio indicates that the HBe assay kit
can be used to quantitatively compare
cell extracts for the production of HBc
gene product (Fig. 5, inset). The dashed
line indicates the P/N ratio at which the
measurement reaches 99.4 percent de-
tection confidence (Abbott). We found
variations of +0.05 in the P/N ratio be-
tween duplicate measurements of
HBcAg when cell extracts were substi-
tuted for serum samples and the reaction
mixtures formulated as described by the
manufacturer (Abbott). The level of HBc
gene product reached a maximum when
GTC2 cells were passaged in L.4-58S after
treatment with 5’-azacytidine (Fig. 5).

LHC-4 medium is a serum-free nutri-
ent medium, developed for primary hu-
man epithelial cell culture, that causes
terminal differentiation of epithelial cells
when serum is included (20, 27). Howev-
er, when serum is deleted from L4-5S,
GTC2 and Alexander cells are stimulated
to produce the same level of HBcAg,
indicating that one or more of the growth
factors and hormones included in LHC-4
medium is positively regulating HBc
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gene expression. The most notable effect
of including 5 percent serum in LHC-4
medium for these experiments is an in-
crease in the growth rate for the GTC2
and Alexander cells. At the second pas-
sage of S5’-azacytidine-treated GTC2
cells in L4-5S medium, the maximum
level of HBc gene product (HBcAg) co-
incided with a cytopathologic response,
and most of the cells detached (Figs. 2E
and 5). However, some cells (approxi-
mately 107%) remained attached and
grew to confluence (GTC2-1) in L4-5S
medium, and the level of HBcAg
dropped below detection limits at cell
passage 4 (Fig. 5).

Karyotype analysis of GTC1, GTC2,
GTC2-1, and NCI H292 showed that
these cells carry the same marker chro-
mosomes, indicating a parental relation-
ship to NCI H292 (data not shown).
These cell lines are being used to study
the methylation patterns and RNA tran-
scripts involved in regulation of the
changes in HBc gene expression that
occur during this sequence. The basal
level of expression of HBcAg is main-
tained by GTC2 cells grown in L4-5S
medium without 5’-azacytidine treat-
ment (Fig. 5). Since the anti-HBcAg
does not cross-react with HBeAg, and
since the antibody preparation blocks 80
to 90 percent of the activity of the GTC2
extract (Fig. 5, inset), most of the HBc¢
gene product measured in GTC2 extracts
is HBcAg.

The relative response of Alexander
cells was determined for the production
of HBcAg after growth in L4-5S medium
or 5'-azacytidine treatment and growth
in MCDB 104 medium with 2.5 percent
FBS (MC-2.5). Either of these condi-
tions stimulated the production of
HBcAg to P/N ratios of 3.5 to 3.8 and a
cytopathologic response for Alexander
cell cultures (Fig. 2F). Alexander cells
initially increased their growth rate when
passaged into L4-5S medium to from 0.8
to 1.0 population doublings per day (PD/
day). However, at the second cell pas-
sage in this medium, PD/day decreased
to 0.65, the cells produced HBcAg at P/
N ratios of 3.5 to 3.8, and then they
detached in a manner very similar to the
response observed for GTC2 cells after
S’-azacytidine treatment and growth in
L4-5S medium (Figs. 2 and 5). A similar
response was obtained for Alexander
cell cultures after treatment with 5'-aza-
cytidine and growth of these cells in MC-
2.5. Although Alexander cell extracts did
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not exceed P/N ratios of 3.5 to 3.8, the
morphologic response was similar to that
observed for GTC2 cells carrying only
the HBc gene (Fig. 2). Treatment with 5'-
azacytidine deregulates genes controlled
by cytosine methylation (30, 3I), and
serum-free medium includes hormones
and growth factors (20, 21) not present in
HUT medium. The cytopathologic re-
sponse of Alexander cells to conditions
that increase the expression of HBc gene
product and the similarity of this re-
sponse to that of GTC2 cells indicate that
HBc gene regulation and the cytopatho-
logic response of GTC2 and Alexander
cells are the same.

Discussion

Transfection of subgenomic fragments
into appropriately selected human cell
lines provides a means to rapidly study
the expression, regulation, and pathobio-
logical effects of individual viral genes.
We are investigating the role of HBV and
its individual genes in the pathogenesis
of viral hepatitis and liver cancer. There-
fore, we developed a modified protoplast
fusion method to transfect human cells
grown in serum-free media. The human
cell recipient (NCI H292) was selected as
a prototype because its growth charac-
teristics in serum-free media are similar
in many respects to normal human epi-
thelial cells (20, 21). Expression of the
transfected HBc gene is regulated by
similar factors and has similar effects in a
hepatocellular carcinoma cell line that
carried the HBV genome since its isola-
tion from a patient with chronic hepati-
tis. This is consistent with a primary role
for the HBc gene product in the cytopa-
thology found in human liver during
HBYV infection.

Such information may prove useful for
development of therapeutic regimens for
chronically infected patients and provide
insight about the biological nature of the
virus at the genetic and molecular levels.
The establishment of HBV-infected lym-
phoblastoid cell cultures from bone mar-
row biopsies that were positive for
HBsAg (34) and the detection of HBV
DNA in Kaposi sarcoma tumor tissue
(35) suggest a broadening pathologic
role for HBV infection. The improved
fusion method described here for high-
frequency transfection of human cells in
serum-free growth conditions provides a
method for application to general prob-

lems in human somatic cell genetics. The
ability to stably transfect genes at fre-
quencies greater than 1073 in human cell
recipients is sufficient to attempt isola-
tion of single-copy genes from genomic
libraries linked to selectable markers.
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