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Abstract

The ability of the hepatitis B virus (HBV)-encoded X protein (HBx) to

coactivate transcription of viral and cellular genes has been implicated in
the development of HBV-related liver cancer. To dissect the transforma

tion and the transcription activation properties of HBx, we generated
REV2 cell lines expressing the wild-type and different truncated versions
of the protein. Full-length HBx-expressing REV-2 cells display an altered

morphology and form large colonies in soft agar. A similar transformation
efficiency has been obtained with a truncated version of HBx, which
contains only the first 50 \IL-lcriiiinal amino acids (HBx 1-50). In
contrast, HBx mutants that lack the NH2-terminal segment but retain

most of the transactivating function, as compared to the full length HBx,
were unable to alter the growth characteristic of REV-2 cells. Further
more, abrogation of full-length HBx transcriptional activation by the
insertion of two amino acids (Arg-Pro) at position 68 did not affect REV-2

cells transformation. These results demonstrate that the transactivation
activity of HBx is neither essential nor sufficient for tumor promotion.

Introduction

Persistent infection with the HBV1 is strongly associated with

development of hepatocellular carcinoma, one of the most prevalent
forms of human cancer ( 1). The HBV-encoded Mr 16,500 protein HBx

(2), which is expressed during viral infection and is required for the
viral replication in vivo (3), has been implicated in hepatocellular
carcinoma development (2). HBx is highly conserved in all oncogenic
mammalian hepadnaviridae (3), and its transforming potential has
been assessed both in vitro and in vivo. HBx was reported to function
as a weak oncoprotein in hepatocyte cells immortalized with the
large-T antigen from SV40 and in NIH3T3 immortalized fibroblasts

(4). Transgenic mice have provided conflicting results. HBx has been
shown to promote liver tumor formation in some transgenic mice (5)
but not in others (6-8). However. HBx acts as a cofactor in carcin
ogen-induced as well as in c-mvc-induced hepatocarcinogenesis (7, 9,

10) and functions as a tumor promoter in woodchuck hepatitis virus
transgenic mice that do not spontaneously develop liver tumors (11).

HBx is multifunctional and is known to affect transcription of
several viral and cellular targets, including oncogenes as c-fos. c-myc,
and c-jun (reviewed in Ref. 2), intracellular signal transduction path
ways (12-17), cell cycle control (18, 19), and cell death by apoptosis
(19-22). HBx has also been reported to bind to several different
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cellular proteins including cyclic AMP-responsive binding element

and activating transcription factor (23), the protease tryptase TL2
(24), p53 (25-27), TATA-binding protein (28), RNA polymerase

subunit RBP5 (29), components of the proteasome complex (30, 31),
a subunit of the aryl hydrocarbon receptor core complex (32), and a
novel cytoplasmic protein that inhibits HBx transactivation (33).
Which of these HBx functions are needed for cell transformation and
whether the property of HBx to transactivate gene expression is
required in hepatocarcinogenesis is an open question. Using HBx
deletion and insertion mutants, we were able to show for the first time
by functional mapping experiments that the tumor-promoting activity

of HBx does not require the transactivating function(s).

Materials and Methods

Plasmids. pCMV-X/F contains the HBV X coding region (HBV nucleo-
tides 1372-1833) with the nucleotide sequence encoding the FLAG polypep-
tide (DYKDDDDK) at the COOH-terminal end inserted into the multiple
cloning site (EcuRl/EcoRV) of the pCDNA3 vector. The HBx-NH,-terminul
and COOH-terminal deletion and the HBV-X two-codon insertion mutants at

amino acid residues 68 and 88 have been described (34. 35).
Cell Culture. REV2 cells were grown in DMEM with 5% FCS. REV2

cells (36) were microinjected (37) or transfected with the pCMV-X/F plusmid

using the calcium phosphate method, and permanent cell lines were established
(36). Anchorage-independent growth in soft agar has been performed as
already described (36). Immunofluorescence staining with anti-FLAG (M2;
Kodak) or anti-SV40-T (Ab-2; Oncogene) was performed as described else

where (37).
RNA Preparation and Northern Blot Analysis. RNA was isolated from

REV2 and REV2-X/F cells with guanidinium thiocyanate and purified by

pelleting through a 5.7 M cesium chloride cushion, as described (36). PolyA
RNA was extracted from 1 mg of total RNA using the PolyATtract mRNA
isolation system (Promega). For the analysis of SV40-T antigen. 15 jig of total

RNA. and tor the analysis of HBx. 10 jug of PolyA RNA were electrophoresed
under denaturing conditions (\<7r agarose. 0.66 M formaldehyde), transferred

to a nylon membrane (Boehringer Mannheim), and hybridi/.ed with a
DIG-labeled SV40-T- or HBx-antisense RNA. Detection was performed with
anti-DIG-Fab fragments and CSPD (Disodium 3-(4-methoxyspiro{ 1,2-dioxe-
tane-3,2'(5'-chloro)tricyclo[3.3.l.l'7ldecan)-4-yl)phenylphosphate) (Boeh

ringer Mannheim |.
RT-PCR Analysis. RNA (1 fig) was reverse transcribed into cDNA with

20() units of superscript RT (Lite Technologies. Inc.) and 0.5 /ig of oligo(dT)
(Pharmacia) in a final volume of 20 fj.\ of en/.yme buffer (Life Technologies.
Inc.) for 60 min at 42Â°C.PCR was performed with 1(X)ng of cDNA in a 50-/J.I

reaction volume containing 20 mM Tris (pH 8.0). 50 mM KCI. 2 mM MgCk
200 mM of each deoxynucleotide triphosphate. 20 pinol of each primer, and
1.25 units of Taq DNA polymerase (Life Technologies. Inc.). The cycling
profile was 94Â°Cfor 30 s. 50Â°Cfor 30 s. 72Â°Cfor 1 min, and a final extension
at 72Â°Cfor 7 min.

The primer sets used for the semiquantitative PCR were: 5'-GCT ATT TAC
ACC ACA AAG-3' and 5'-CTC TGC TTC TTC TGG ATT-3' for SV40
T-antigen; 5'-CCA ACT GGA TCC TGC GCG GGA CGT CCT TTG-3' and
5'-GTT CAC GGT GGT CTC CAT G-3' for HBx: 5'-CCT CTG ACT CAG
GAG ACA TT-3' and 5'-GCT GGC AGA ACA GCT TAT TG-3' for p53:
5'-AGG AAC TAT GAC CTC GAC-3' and 5'-ATT CAG GGA TCT GGT
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CAC-.V for c-myc: 5'-TTC CAC GGA GAA GAA GCT CA-.V and 5'-TTG
AGG OCA TCG TCG TAG AA-3' for c-jun; 5'-AGA CAC CGC TTC ATC
CAA GA-3' and 5'-CAG AGA CAO CCA GGA GAA AT-3' for bcl-2:
5'-ATG AAG ACA GGG GCC TTT-3' and 5'-CAA AGT AGA AGA GGG
CAA CC-3' for bax: and 5'-AGC TGG AGT CAG TTT AGC GA-3' and
5'-CGT CAG GAA CCA GCG GTT-3' for bcI-xL/S.

The primer sets used for the HBx gene mutants were: 5'-CCA ACT GGA
TCC TGC GCG GGA CGT CCT TTG-3' and 5'-AAA GTT GCA TGG TGC
TGG-3' for the X/F. X. X/insert.68 and the X/insert.88 constructs; 5'-TCT
GTG CCT TCT CAT CTG-3' and 5'-AAA GTT GCA TGG TGC TGG-3' for
the X/51-154 deletion mutant; 5'-CGA CCT TGA GGC ATA CTT-3' and
5'-AAA GTT GCA TGG TGC TGG-3' for X/106-154; 5'-CCA ACT GGA
TCC TGC GCG GGA CGT CCT TTG-3' and 5'-AAC CTA ATC TCC TCC
CCC-3' tor X/l-136; and 5'-CCA ACT GGA TCC TGC GCG GGA CGT
CCT TTG-3' and 5'-GTC GGA ACG GCA GAC GGA-3' for the X/l-50

deletion mutant.
Immunoprecipitations and Western Blot Analysis. Cell extracts were

prepared from 10" REV2 cells and IO6 REV2 cells 48 h after transfection of
5 /ig of pCMV-X/F DNA or from IO6 REV2-X/F cells treated with either

anti-HBx (rabbit; Roma). anti-p53 (sheep; Ab-7; Oncogene), or anti-SV40-T
antibodies (hamster; Berlin). Immunoprecipitates were separated on SDS-

polyacrylamide gels and subjected to Western blot analysis. Membranes (poly-
vinylidene difluoride: Roth) were hybridized either with anti-FLAG (M2;
Kodak). anti-p53 (Ab-1; Oncogene), or anti-SV40-T (Ab-2; Oncogene) anti
bodies. Anti-mouse IgG, conjugated to horseradish peroxidase. was used as

second antibody and was detected by chemiluminescence (NEN).

Results and Discussion

REV2 cells are SV40 T-antigen-positive tumor revenant cells,
isolated from the SV40 transformed Ref-52 cells (SV-52; Ref. 36).
Although these cells synthesize the wild-type SV40 T/t-antigens with
the same efficiency as the parent SV-52 cells, they are unable to grow

in soft agar or to form tumors in nude mice (36). As shown in earlier
investigations, these cells can be retransformed by polyoma or Ad2
with a high efficiency but not by SV40 DNA (36). To test whether
HBx also has the capability to retransform REV2 cells, 2-4 pCMV-
X/F molecules, a CMV promoter-based plasmid that encodes a FLAG

tagged version of HBx were microinjected into the nuclei of REV2
cells grown on small glass slides (Fig. 1/4). as described elsewhere
(37). About 25-30% of the injected cells were converted into HBx-

B
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-SV40-T

0,6 kb- -HBx/F

precipitated with: aHBx ap53 oSV40-T

â€”¿�SV4O-T
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precipitated with: ctHBx ccp53 I/.SV40-T

â€”¿�SV40-T

_ ... â€”¿�p53
â€¢¿�â€¢- â€”¿�p53

â€”¿�HBx/F â€”¿�HBx/F

Fig. I.A. HBx expression in REV-2 cells. Cell were micro injected with pCMV-X/F; 48 h later, they were fixed and stained with anti-FLAG antibody and rhodhamine-conjugated
anti-mouse. B. Northern Blot analysis of mRNAs extracted from REV-2 cells and from the REV2-X/F representative cell line. The membrane was hybridi/ed with DIG-iabeled SV40-T
antigen or HBx-antisense RNA. C, protein extracts prepared from REV2 cells and REV2-X/F cells were treated with either anti-HBx (rabbit; Roma). anti-p53 (sheep: Ab-7; Oncogene),
or anti-SV40-T antibodies (hamster; Berlin) as indicated al the top of the panel and the immunoprecipitated proteins revealed by Western blot analysis using the anti-FLAG, anti-p53,
or anli-SV40-T antibodies, as indicated on the right. Anti-mouse IgG, conjugated to horseradish peroxidase. was used as second antibody. D. cell extracts obtained from REV2 cells
( + ) transfected with 5 /Ag of pCMV-X/F DNA and from nontransfected cells ( â€”¿�)were immunoprecipitated and analyzed by immunoblotling as in C.
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REV2 REV2-X/F

Fig. 2. A. morphology of REV2 and REV2-X/F cells, ÃŸ.immunfluorcscence staining
with anti SV40 T antibodies. C. immunfiuorescence staining with anti FLAG antibodies.
D. cell growth in soft agar 14 days after plating.

positive cell lines, and 10 randomly selected cell clones were further
analyzed. Transgene expression was demonstrable in all lines by
Northern and by Western blot analyses, as exemplarily shown in Fig.
l, B and C, for the representative RevX/F cell line. Staining experi
ments revealed that the HBx protein was localized in the cytoplasm of
stable cell lines (Fig. 1C). Interestingly, intranuclear accumulation
was also not demonstrable 48 h after microinjection of the pCMV-X/F

DNA, when the HBx concentration is higher than in cells from the
stable lines (Fig. \A).

Cells of all pCMV-X/F-expressing lines display an altered mor

phology, grow to a higher density than the REV2 cells, and acquire
the capability to form large colonies in soft agar (Fig. 2. A and D). To
exclude that the HBx functions might have been altered by the FLAG
sequence, we also established REV-2-derived cell lines expressing the
wild-type HBx, and these cells behaved as the CMV-X/F lines. These
results demonstrate that full-length HBx efficiently retransforms the
REV-2 cells, and we analyzed the possible mechanisms involved.

HBx has been described to transactivate the SV40 enhancer and to
affect the expression rate of cellular genes involved in growth control
in a cell type-specific manner, and this has been linked to its trans

forming activity (reviewed in Ref. 2). HBx did not significantly affect
the expression levels of either SV40 T-antigen (Figs. IÃŸ,2B. and 3)
or of cellular proto-oncogenes such as c-myc or c-jun (Fig. 3). An

alternative strategy by which HBx may cause cell transformation
involves the disruption of p53 function as a tumor suppressor. Indeed,

it has been reported that HBx forms stable complexes with both p53
and the SV40 T-antigen. and that these interactions may lead to
mutual functional interference (38). Therefore, REV2 and REV-X/F
cells were lysed, and protein extracts were treated with either anti-T-
antigen, anti-p53 or anti-HBx-antibodies, and immunoprecipitates

were subjected to Western blot analysis. As expected. p53 and SV40
T-antigen were readily coprecipitable, but complex formation be
tween HBx and p53 or with SV40 T-antigen was not demonstrable in

any of the cell lines. To exclude that this negative result might be due
to clonal selection, we repeated similar experiments with cell extracts
obtained from REV2 cells 48 h after pCMV-X/F transfection (Fig.

ID). In addition, we could not demonstrate cytoplasmic trapping of
the p53 by coimmunofluorescence staining (data not shown). Thus
far. we have no obvious explanation why HBx-p53 complex forma

tion was not demonstrable in our cells. It has been shown previously
that in REV-2 cells, a "pseudo" p53-null status is created by the

presence of the SV-40 Tag, and only low levels of noncomplexed p53

exist in these cells. It is also worthwhile to mention that standard
immunofluorescence microscopy is a rather insensitive technique, and
after direct microinjection of the protein, about 20.000-30,000 mol

ecules are required to obtain a clear fluorescence signal (Ref. 37 and
data not shown). Thus, we cannot exclude that complex formation
may occur under the threshold sensitivity of the techniques used in
this investigation. However, these results and the observation that
HBx expression does not change p53 expression rate in REV2-X/F

cells (Fig. 3) allow us to conclude that p53 inactivation by HBx is not
likely to play a significant role in REV-2 cell transformation. To test

whether the high transformation efficiency of HBx is restricted to the
REV-2 cells, the grandparental Ref-52 cells were microinjected with

REV2 REV2-X/F

20 25 30 35

SV40-T

20 25 30 35

HBx

p53

- c-myc

c-jun

Fig. 3. Seniiquantilalive reverse Iranscriplion-PCR analysis of niRNAs extracted from
REV2 and REV2-X/F cells. cDNAs were prepared, and PCR amplifications were per
formed using the primer pairs described in "Materials and Methods" specific for the genes
indicated al the right. PCR products were separated on 2c/i agarose gels and visualized by
ethidium bromide staining. M. l-kh ladder (Life Technologies. Inc.I: PCR cycle numbers
(20. 25. 30. and 351 are indicated at the /Â»/'.
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HBV-X

Fig. 4. Genetic dissection of HBx transaclivation and tumor-

promoling properties. A. schematic presentation of HBx lamino
acids 1-154) with the two transactivation and the Kunit/ do

mains and the HBx deletion and insertion mutants analyzed. Cell
growth in soft agar has been tested as described in "Materials
and Methods". The size of the observed colonies was estimated

( + + + , > 10.000 cells/clone; + + . 2.000 to 5.000 cells/clone:
+/â€”, 2-8 cells/clone; â€”¿�,no cell clones). Transient transcrip-

tional activation by the different constructs has been assessedas
described previously ( 131.Rev2 cells were cotransfected with 1
fig of pTRE-tk-CAT reporter together with 2 fig of wild-type

and nini.un HBx expression vectors. Results are compared with
the activation obtained with wild-type HBx <+ + + . 100%: + + ,
60-809Ã•; -. <209B. B. RT-PCR analysis for HBx and HBx

mutants. mRNA was extracted from the corresponding cell lines
and subjected to RT-PCR analysis using the primers indicated in
"Materials and Methods."

X/F
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the full-length HBx/F DNA. and six independent HBx-expressing

stable cell lines were established. None of these cell lines displayed
morphological alterations or acquired anchorage-independent growth

properties, even after repeated passages (>50 passages). These results
are in agreement with previous reports (9) and support the notion that
HBx acts as a tumor promoter and not as a strong oncoprotein, such
as SV40 T-antigen or polyoma virus middle-T antigen. From our

results and from previous observations (36), we can further deduce
that the REV2 cells, despite the loss of the transformed phenotype
(anchorage-independent growth and tumor formation in nude mice),

are not fully reverted to the state of the grandparental Ref 52 cells.
Thus far, it is not clear which alterations caused the loss of the
transformed state in the REV-2 cells. Because it can be excluded thai
the reversion was caused by a mutation in the SV40 Tag. a not-yet-

characterized mutation in the cellular genome has to account for the
reverted phenotype (36). In this regard, it is of interest that the
phosphorylation status of Tag is altered in the REV-2 cells without

affecting either its metabolic stability or complex formation with p53
(39). As compared with the transformed parental cells SV-52 in the
REV-2 cells, the T-antigen has lost the ability to bind the cellular

transcriptional coactivator p300/CBP (40). Because Eia, which effi
ciently Â«transforms REV-2 cells, targets p300/CBP in these cells, it is

tempting to speculate that HBx may also have a similar property.
In the last set of experiments, we analyzed whether HBx transac

tivation function is essential for tumor promotion. Two transcription
activation domains have been identified thus far: one located in the

central region (amino acids 67-69): and the second in the COOH
terminus (amino acids 110-139) of the protein, which are both

required for efficient transactivation. To address the role of these
sequences in cell transformation, we established REV-2-derived sta

ble cell lines using a number of HBx deletion (34) mutants and two
amino acid insertion (Arg-Pro) mutants (35) with different transacti-

vating activities (Fig. 4/4). The expression of the different mutants was
confirmed by Northern blotting (data not shown) and by reverse
transcription-PCR analysis (Fig. 4B), and the growth properties of the

corresponding cell lines were analyzed as described above. These
experiments revealed that the two transactivation domains play no
role in the tumor promoter function. As summarized in Fig. 4/4, the
first 50 NH2-terminal amino acids of HBx (HBx/1-50) are sufficient
to transform the REV2 cells at the same rate as the full-length HBx.
A truncated HBx lacking the 50 NHrterminal amino acids (HBx/51-

154), but retaining an intact transact!vating potential, has a very low
transforming capability, and cells of all the corresponding lines
formed only small colonies in soft agar (two to eight cells). The
mutant HBx/106-154, which lacks the first transactivation domain

and contains the putative p53 binding domain, has no transactivating
potential and a severely impaired transforming capability. The dis
pensability of the transactivation function for cell transformation is
further illustrated by the behavior of the HBx/1-136 deletion mutant,

which does not activate transcription but transforms efficiently, and
by the behavior of the two insertion mutants (Fig. 4/4).

In conclusion, our results indicate that HBx is an efficient tumor

3569

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/58/16/3566/2467323/cr0580163566.pdf by guest on 19 M

ay 2023



HEPATITIS B VIRUS X PROTEIN TRANSCRIPTION ACTIVATION

promoter and that the two known transactivation domains are neither
required nor sufficient for cell transformation. The transforming ac
tivity has been restricted to the first 50 NH2-terminal amino acids of
the protein. Thus far, this NH2-terminal region has only been impli
cated in HBx dimerization and in the negative regulation of transcrip-

tional activation, but no definitive role has been assigned to this region
in any of HBx functions nor in the interactions between HBx and
cellular protein. It will be important in the future to search for cellular
proteins that are targeted by this segment of the HBx protein as well
as to evaluate, in the context of cell transformation, HBV mutants
carrying naturally occurring mutations in this region.
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