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Abstract Human T-cell leukemia virus type I (HTLV-I) bZIP
factor (HBZ) is a viral basic leucine zipper protein that was
originally described as a partner of cAMP response element
binding protein-2 and as a repressor of HTLV-I viral transcrip-
tion. In addition, HBZ is able to interact with the activator
protein-1 (AP-1) transcription factors c-Jun and JunB, the in-
teraction with c-Jun leading to a transcriptional repression of
AP-1-regulated genes. Here we show that HBZ also interacts
with JunD in vitro and in vivo, and that this association occurs
via the bZIP domain of the two proteins. Moreover, we show
that HBZ can activate JunD-dependent transcription and that
its amino-terminus is required.
, 2004 Federation of European Biochemical Societies. Pub-
lished by Elsevier B.V. All rights reserved.
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1. Introduction

Human T-cell leukemia virus type I (HTLV-I) is the etio-
logic agent of an aggressive and fatal T-cell malignancy, adult
T-cell leukemia (ATL), and is also associated with the devel-
opment of a variety of chronic in£ammatory diseases. HTLV-
I encodes a 40-kDa protein, Tax, which has multiple functions
in the development of ATL [1,2]. Tax activates and represses a
large number of cellular genes, which could contribute to the
phenotype of the infected cells and to the subsequent develop-
ment of the diseases caused by HTLV-I. Tax activates the
transcription of viral and cellular genes through selective en-
hancer elements such as the cAMP-responsive element (CRE)
[3], the nuclear factor-UB element [4], and the CArG box [5].
Tax can also activate the activator protein-1 (AP-1) binding
sites in T-cells [6]. Moreover, HTLV-I-transformed T-cell lines
exhibit high expression levels of mRNAs encoding various
AP-1 transcription factor family members, such as c-Jun,
JunB, JunD, c-Fos and Fra-1. Four of these factors (c-Jun,
JunD, c-Fos and Fra-1) are directly induced by Tax in the
human T-cell line Jurkat [7]. Thus, AP-1 is one of the candi-

dates involved in the dysregulated phenotypes of T-cells in-
fected with HTLV-I.
The transcription factor AP-1 is composed primarily of

members of the Jun (c-Jun, JunB and JunD) and Fos (c-
Fos, FosB, Fra-1 and Fra-2) families of proteins. These pro-
teins are characterized by a highly charged, basic DNA-bind-
ing domain immediately adjacent to an amphipathic dimeri-
zation domain referred to as the ‘leucine zipper’ and
constituted of a heptad repeat of leucine residues [8]. They
are part of the so-called bZIP family (basic leucine zipper)
of transcription factors. Jun proteins can form both homo-
and heterodimers among themselves. Jun proteins also dimer-
ize with Fos proteins and other bZIP factors such as members
of the activating transcription factor/CRE-binding protein
(ATF/CREB) family and the Maf transcription factors. Di-
merization is required for e⁄cient interaction with speci¢c
DNA sequences found in the promoter of various target
genes. These target genes are important for regulating many
biological processes including proliferation, di¡erentiation,
apoptosis and transformation [9^11].
In the present study, we examine the interaction of one of

the AP-1 family members, JunD, with the HTLV-I bZIP fac-
tor HBZ. This protein contains an amino-terminal transcrip-
tional activation domain and a leucine zipper motif in its
carboxy-terminus [12]. HBZ acts as a repressor of Tax-in-
duced viral transcription by forming heterodimers with the
transcription factor CREB-2 that are no longer able to bind
to the viral CRE and consequently are no longer able to
activate the HTLV-I promoter [12]. Moreover, HBZ is able
to interact with the AP-1 factors c-Jun and JunB. The inter-
action of HBZ with c-Jun results in the decrease of c-Jun
DNA-binding activity and prevents this protein from activat-
ing the transcription of AP-1-regulated genes and the basal
expression of the HTLV-I promoter [13]. On the other hand,
the combination of HBZ with JunB has a slightly higher tran-
scriptional activity than JunB alone [13]. Our results indicate
that HBZ and JunD also interact in vitro and in vivo, asso-
ciating via their bZIP domain. In addition, we show that HBZ
can activate JunD-dependent transcription in CEM cells and
that its amino-terminus is required.

2. Materials and methods

2.1. Glutathione S-transferase (GST) pull-down assay
The complete JunD coding sequence was cloned into pGEX4-T2

(Amersham Biosciences, Buckinghamshire, UK) after ampli¢cation by
polymerase chain reaction (PCR) from pCMV-JunD-Flag. HBZ
cDNA cloned in pCi-neo [12] was transcribed and translated in the
presence of [35S]methionine using a TNT T7-coupled reticulocyte ly-
sate system (Promega, Madison, WI, USA), and incubated at 4‡C
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with equal amounts of GST or GST-JunD immobilized on gluta-
thione Sepharose beads (Bulk GST puri¢cation module of Amersham
Biosciences) in a bu¡er containing 50 mM Tris^HCl pH 7.4, 120 mM
NaCl, 5 mM EDTA, 0.5% Nonidet P-40. After 2 h incubation, the
beads were washed three times with the incubation bu¡er, and ¢ve
times with a bu¡er containing 50 mM Tris^HCl pH 7.4, 1 M NaCl,
5 mM EDTA, 0.5% Nonidet P-40. The bound proteins were then
analyzed by sodium dodecyl sulfate^polyacrylamide gel electrophore-
sis (SDS^PAGE) followed by autoradiography.

2.2. Immunoprecipitation and Western blot assays
HBZ cDNA was generated by PCR ampli¢cation on pCI-HBZ [12],

digested by BamHI and HindIII, and subcloned into pcDNA3.1(-)/
Myc-His (Invitrogen, Carlsbad, CA, USA). For immunoprecipitation
of HBZ, the plasmids pcDNA3.1(-)/Myc-His-HBZ and pCMV-JunD-
Flag were cotransfected into HEK 293T cells using the FuGENE 6
transfection reagent as described by the Roche Molecular Biochemi-
cals protocol (Indianapolis, IN, USA). Cultures were grown for 48 h
in Dulbecco’s modi¢ed Eagle’s medium (Cambrex, Verviers, Belgium)
supplemented with a 1% penicillin and streptomycin antibiotic mix-
ture (Life Technologies, Eragny, France) and 10% fetal calf serum
(Life Technologies). After centrifugation, cells were lysed in a bu¡er
containing 50 mM Tris^HCl pH 7.4, 120 mM NaCl, 5 mM EDTA,
0.5% Nonidet P-40, and proteins were immunoprecipitated from pro-
tein extracts (0.8 mg of total proteins) using an anti-HBZ rabbit
serum [12]. Bound fractions were then electrophoresed onto a SDS^
PAGE and analyzed by immunoblotting as described [14]. The mouse
anti-Flag was purchased from Sigma (St. Louis, MO, USA). In the
case of C8166, HUT102 and MT4 cells, proteins were immunopreci-
pitated from 2.5 mg of total proteins and the protocol used was the
same as above. The polyclonal goat anti-JunD was purchased from
Santa Cruz Biotechnologies (Santa Cruz, CA, USA).

2.3. Yeast two-hybrid system
The complete and bZIP-deleted JunD coding sequences were cloned

in pGAD10 (Clontech, Palo Alto, CA, USA) after ampli¢cation by
PCR from pCMV-JunD-Flag. The Saccharomyces cerevisiae HF7c
yeast cells were cotransformed with an expression vector containing
either the entire coding sequence of JunD or the coding sequence of
JunD with the bZIP domain deleted, each one fused to the GAL4
activation domain (pGAD-JunD and pGAD-JunD vZIP respec-
tively), together with plasmids expressing either the GAL4 DNA-
binding domain alone (pGBT9) or fused to lamin (pGBT9-lamin) or
fused to HBZ bZIP (pGBT9-HBZ bZIP) [13]. pGBT9-HBZ bZIP was
also cotransformed with a plasmid expressing the GAL4 activation
domain alone (pGAD). The L-galactosidase assay with o-nitrophenyl-
L-D-galactoside (ONPG) as substrate was carried out as described in
the Clontech protocol.

2.4. Immuno£uorescence microscopy analysis
COS7 cells were transfected using the FuGENE 6 transfection re-

agent with 2 Wg of the plasmid pEGFP-HBZ expressing a GFP (green
£uorescent protein)-HBZ fusion protein and 2 Wg of the plasmid pDs-
Red1-JunD expression an RFP (red £uorescent protein)-JunD fusion
protein. pEGFP-HBZ was described previously [12]. To obtain pDs-
Red1-JunD, the complete JunD coding sequence was cloned in pDs-
Red1-N1 (Clontech) after ampli¢cation by PCR from pCMV-JunD-
Flag. Cells were cultivated on glass slides and then analyzed by £uo-
rescence 40 h after transfection. Analysis of green, red and merged
£uorescence was performed with a Leica DC250 immuno£uorescent
microscope.

2.5. Transfections and luciferase assays
The lymphoblastoid CEM cell line was obtained from the American

Type Culture Collection (Bethesda, MD, USA). Cells were cultured in
RPMI 1640 medium (Cambrex) supplemented with a 1% penicillin
and streptomycin antibiotic mixture and 10% fetal calf serum to a
density of 5U105 cells/ml in a 5% CO2 atmosphere. CEM cells were
transiently cotransfected according to the previously published proce-
dure [15]. 5 Wg of pcDNA3.1-lacZ (L-galactosidase-containing refer-
ence plasmid) was included in each transfection to control the trans-
fection e⁄ciency. The total amount of DNA in each series of
transfections was equal, the balance being made with empty vectors.
Cell extracts equalized for protein content were used for luciferase and
L-galactosidase assays. The activation domain-deleted HBZ coding

sequence, HBZ vAD, was cloned in pcDNA3.1(-)/Myc-His after am-
pli¢cation by PCR from pcDNA3.1(-)/Myc-His-HBZ.

2.6. Microwell colorimetric AP-1 assay
Nuclear cell extracts (15 Wg) were incubated with 30 Wl of binding

bu¡er (10 mM HEPES pH 7.5, 8 mM NaCl, 12% glycerol, 0.2 mM
EDTA, 0.1% bovine serum albumin) in microwells coated with probes
containing the AP-1 site (Trans-AM1 AP-1 of Active Motif Europe,
Belgium). After 1 h incubation at room temperature, microwells were
washed three times with phosphate-bu¡ered saline+0.1% Tween 20.
The AP-1-bound complexes were detected with a goat anti-JunD anti-
body and a peroxidase-conjugated anti-goat antibody. For the colori-
metric detection, tetramethylbenzidine was incubated at room temper-
ature before adding stopping solution. Optical density was read at 450
nm, using a 620 nm reference wavelength with a Tecan microplate
reader.

3. Results and discussion

HBZ is a viral protein that interacts in vitro and in vivo
with the AP-1 transcription factors c-Jun and JunB [13]. It
was therefore interesting to investigate if HBZ could also
interact with the third Jun family member, JunD, and what
would be the e¡ect of HBZ on JunD-dependent transcription.
First, we analyzed the interaction between HBZ and JunD in
vitro using recombinant proteins. A fusion protein of JunD
with GST was produced in Escherichia coli and the binding to
[35S]methionine-labeled HBZ produced in rabbit reticulocyte
lysate was analyzed. As shown in Fig. 1A, [35S]HBZ bound to
GST-JunD (lane 3) but not to GST alone (lane 2). This result
demonstrates that HBZ and JunD interact in vitro.
To con¢rm the in vivo relevance of the interaction between

HBZ and JunD, we coexpressed the two proteins in HEK
293T cells. Cell extracts were then immunoprecipitated with
either a rabbit anti-HBZ antiserum or a preimmune serum
from the same rabbit [12], followed by Western blot analysis
using an anti-Flag monoclonal antibody, JunD being £agged.
By this approach, JunD was found in the immunoprecipitate
with the anti-HBZ antiserum (Fig. 1B, lane 3) but not in the
control immunoprecipitate (Fig. 1B, lane 2). When the same
experiment was performed with extracts from HEK 293T cells
transfected only with JunD, no protein was found in the im-
munoprecipitate with the anti-HBZ antiserum (Fig. 1B, lane
5), con¢rming the speci¢city of the association between HBZ
and JunD.
To con¢rm that endogenous proteins could also interact in

infected cells, we performed an immunoprecipitation, with the
anti-HBZ antiserum, from the cell lysate of three di¡erent
HTLV-I-infected cell lines, C8166, HUT102 and MT4. We
have already demonstrated that HBZ can be detected in the
C8166 and MT4 cells following an anti-HBZ immunoprecip-
itation [12]. The proteins found in the immunoprecipitate with
the anti-HBZ antiserum were then analyzed with a polyclonal
anti-JunD antibody. This approach revealed the presence of a
complex between HBZ and JunD in C8166 extracts (Fig. 1C,
lane 2) and in MT4 extracts (data not shown). In addition,
such a complex was also detected by the same approach in
HUT102, another HTLV-I-infected cell line for which nothing
has been demonstrated (Fig. 1C, lane 4). Altogether, these
results clearly demonstrate that HBZ and JunD interact in
vivo.
In the analysis of the interaction of HBZ with either c-Jun

or JunB, it has been demonstrated that the bZIP domain of
the proteins was involved in the association [13]. To investi-
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gate the possibility that the bZIP domains of HBZ and JunD
are also involved in the association of the two proteins, we
produced a truncated mutant of JunD by removing the leu-
cine zipper, and this mutant was analyzed by using the yeast
two-hybrid system as already described [16]. For this analysis,
the full-length product of JunD and its mutated form were
fused at their amino-termini to the activation domain of the
yeast transcription factor GAL4 (pGAD-JunD and pGAD-
JunD vZIP respectively) and were tested in S. cerevisiae in

the presence of the HBZ bZIP domain fused at its amino-
terminus to the GAL4 DNA-binding domain (pGBT9-HBZ
bZIP). As shown in Fig. 1D, JunD was no longer able to
interact with HBZ when its leucine zipper was deleted. More-
over, to be sure of the speci¢city of the test, JunD was also
tested in the presence of an unrelated protein (pGBT9-lamin)
or in the presence of the GAL4 DNA-binding domain alone
(pGBT9). In these conditions, no signi¢cant L-galactosidase
activity was detected (Fig. 1D).

Fig. 1. A: Binding of HBZ to JunD in vitro. GST protein and GST-JunD fusion protein were puri¢ed from E. coli. In vitro translated HBZ
in the presence of [35S]methionine (lane 1) was incubated with equal amounts of GST protein (lane 2) or GST-JunD fusion protein (lane 3) im-
mobilized on glutathione Sepharose beads. After incubation, the bound proteins were analyzed by SDS^PAGE followed by autoradiography.
B: Binding of HBZ to JunD in vivo. HEK 293T cells were transfected with the HBZ expression vector pcDNA3.1(-)/Myc-His-HBZ (lanes 1^3)
or the corresponding empty vector (lanes 4 and 5) and the plasmid pCMV-JunD-Flag (lanes 1^5). Proteins from total lysates were directly
probed with mouse anti-Flag (lanes 1 and 4) or were immunoprecipitated with rabbit anti-HBZ (lanes 3 and 5) or preimmune serum (lane 2),
followed by Western blot analysis with anti-Flag (lanes 2, 3 and 5). C: Binding of HBZ to JunD in HTLV-I-infected cells. Proteins from the
total lysates of the HTLV-I-infected cells C8166 and HUT102 were also immunoprecipitated with rabbit anti-HBZ (lanes 2 and 4) or preim-
mune serum (lanes 3 and 5), and immunoprecipitated proteins were analyzed with goat anti-JunD (lanes 2^5). Lane 1 corresponds to the total
lysate of C8166 cells directly probed with anti-JunD. The asterisk indicates a non-speci¢c band. D: Analysis of the interaction between HBZ
and JunD in the yeast two-hybrid system. Yeasts were cotransformed with an expression vector containing either the entire coding sequence of
JunD or the coding sequence of JunD with the bZIP domain deleted, each one fused to the GAL4 activation domain (pGAD-JunD and
pGAD-JunD vZIP respectively), together with plasmids expressing either the GAL4 DNA-binding domain alone (pGBT9) or fused to lamin
(pGBT9-lamin) or fused to HBZ bZIP (pGBT9-HBZ bZIP). pGBT9-HBZ bZIP was also cotransformed with a plasmid expressing the GAL4
activation domain alone (pGAD). The L-galactosidase assay with ONPG as substrate was carried out on three independent colonies per trans-
formation as described in the Clontech protocol. The mean values expressed in Miller units are shown.
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To con¢rm the relevance of the interaction between HBZ
and JunD in vivo, we studied the localization of both pro-
teins, alone or in conjunction, inside the cells by immuno£uo-
rescence microscopy. However, the anti-HBZ serum used for
the immunoprecipitation experiments described above does
not work for immuno£uorescence experiments. Thus, since
the endogenous HBZ protein cannot be detected by the
anti-HBZ antiserum, we performed the experiment on cells
transfected with vectors encoding tagged proteins. For this
purpose, COS7 cells were transiently cotransfected with vec-
tors encoding HBZ tagged with GFP, JunD tagged with RFP,
and the corresponding empty vectors pEGFP and pDs-Red1.
COS7 cells were used in this experiment for their capacity to
spread out and to give a precise GFP signal. When HBZ-GFP
was transfected in the absence or presence of JunD, we found
that HBZ tagged with GFP exhibited a granular nuclear dis-
tribution (Fig. 2a,g) as already described [12]. On the other
hand, when JunD was transfected in the absence of HBZ, it
localized in the nucleus with a di¡use pattern (Fig. 2e). But
when JunD was transfected in the presence of HBZ, it was
relocalized to the same nuclear spots as HBZ. The colocaliza-
tion of HBZ and JunD in the nucleus was visualized in yellow
color (Fig. 2i) corresponding to the merging of the green £uo-

rescence of HBZ-GFP fusion protein (Fig. 2g) and the red
staining of JunD-RFP fusion protein (Fig. 2h). These obser-
vations support the notion that HBZ and JunD colocalize in
the nucleus and also show that HBZ entails an intranuclear
redistribution of JunD. This had already been described for
c-Jun and JunB [13].
We next examined the e¡ect of HBZ on the transcription

from the collagenase promoter that contains a canonical AP-1
element. For this purpose, transient cotransfection assays
were carried out using a luciferase reporter gene driven by
the collagenase promoter. The transfections were performed
in CEM cells in the absence or the presence of JunD and
increasing amounts of HBZ (Fig. 3A). As expected, JunD
was found to activate the expression of the luciferase reporter
gene by about 16-fold. But contrary to the results obtained
with c-Jun [13], in this case the luciferase activity was over-
stimulated in the presence of HBZ. This stimulation was pro-
portional to the quantity of transfected HBZ plasmid. Then,
we examined the e¡ect of HBZ on JunD DNA-binding activ-
ity. JunD homodimers are known to have very weak DNA
binding in vitro [17]. For this reason, using a microwell col-
orimetric assay, we analyzed JunD DNA-binding activity in
the presence or absence of HBZ. Nuclear cell extracts of HEK

Fig. 2. Immuno£uorescence microscopy analysis of the colocalization of HBZ and JunD in vivo. COS7 cells were cotransfected with pEGFP-
HBZ and pDs-Red1 (a^c), pEGFP and pDs-Red1-JunD (d^f) or pEGFP-HBZ and pDs-Red1-JunD (g^i). Analysis of the green (a,d,g), red
(b,e,h) and merged (c,f,i) £uorescence was performed by immuno£uorescence microscopy.

FEBS 28195 15-3-04 Cyaan Magenta Geel Zwart

S. The¤bault et al./FEBS Letters 562 (2004) 165^170168



293T cells transfected by JunD alone or associated with HBZ
were incubated in the presence of a double-stranded oligonu-
cleotide containing the AP-1 site, TGAGTCA, immobilized in
microwell plates. JunD speci¢cally bound to this oligonucleo-
tide was then detected using an anti-JunD antiserum. As
shown in Fig. 3B, HBZ did not signi¢cantly alter JunD bind-
ing to the AP-1 site.
In order to explain the e¡ect of HBZ on JunD-mediated

transcription and since HBZ has been described to contain a
potential activation domain located in its amino-terminus [12],
we postulated that this domain could be involved in this reg-
ulation. To ¢nd out if this was the case, we constructed a
mutated HBZ (HBZ vAD) deleted of its 80 ¢rst amino acids.
First, we veri¢ed that the cellular localization of this mutant
was comparable to that of wild-type HBZ (data not shown).

Then, CEM cells were cotransfected with JunD and HBZ
vAD as described above. The luciferase activity was repressed
in the presence of HBZ vAD (Fig. 3C). This result suggests
not only that the amino-terminus of HBZ is necessary for
HBZ to stimulate JunD-dependent transcription but also
that HBZ vAD could probably dimerize with JunD to antag-
onize its action. This mechanism may not be the only one to
be claimed in order to explain the e¡ect of HBZ on JunD-
mediated transcription. It is also possible that HBZ might act
positively on JunD-mediated transcription by preventing this
AP-1 factor from recruiting co-repressors, for example menin
[18,19]. Further experiments will be required to test this hy-
pothesis.
HBZ is a viral protein known to repress HTLV-I viral tran-

scription by interacting and forming unstable complexes on

Fig. 3. A: Activation of JunD transactivation by HBZ. CEM cells were cotransfected with 2 Wg of luciferase gene driven by the collagenase
promoter, 5 Wg of pcDNA3.1-lacZ (L-galactosidase containing reference plasmid), 0 or 1 Wg of JunD expression plasmid (pCMV-JunD-Flag)
and pcDNA3.1(-)/Myc-His-HBZ (0, 1, 2 and 3 Wg). The total amount of DNA in each series of transfections was equal, the balance being
made with empty plasmids. The luciferase values were normalized for L-galactosidase activity and expressed as fold relative to that of cells
transfected with pcDNA and pCMV in the presence of the luciferase reporter gene. Values represent the meanWS.D. (n=3). B: HBZ does not
alter JunD DNA-binding activity on AP-1 sites. Microwells containing the DNA probe with the AP-1 site were incubated with nuclear cell ex-
tracts of HEK 293T cells transfected by JunD alone (3 Wg of pCMV-JunD-Flag) or associated with HBZ (3 Wg of pcDNA3.1(-)/Myc-His-
HBZ). The negative control corresponds to cells transfected by the empty plasmids. The data represent the means of three valuesW S.D. C:
The activation domain of HBZ is required for the stimulation of the collagenase promoter. CEM cells were cotransfected as described in the
legend of A, but with 1 Wg of pcDNA3.1(-)/Myc-His-HBZ and 1 Wg of pcDNA3.1(-)/Myc-His-HBZ vAD. Values represent the meanWS.D.
(n=3). D: E¡ect of HBZ on Tax-mediated AP-1 transcription. CEM cells were cotransfected as described in the legend of A, but with 0 or
1 Wg of Tax expression plasmid (pSG-Tax) and 0 or 1 Wg of pcDNA3.1(-)/Myc-His-HBZ. Values represent the meanWS.D. (n=3).
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the CRE sequences with the transcription factors CREB-2
and c-Jun. HBZ also represses c-Jun-dependent AP-1-regu-
lated gene transcription. Here, we show for the ¢rst time
that HBZ can stimulate in a dose-dependent manner the tran-
scription by associating with a bZIP factor, JunD. It is par-
ticularly interesting to note that HBZ has a di¡erent and
opposite action on c-Jun- and JunD-dependent transcription.
E¡ectively, these two proteins belong to the same family of
transcription factors, but they are very di¡erent proteins. At
the expression level, c-Jun is barely present in quiescent ¢bro-
blasts but its expression increases dramatically following se-
rum stimulation [20], whereas JunD is expressed at signi¢cant
levels in quiescent cells and slightly increases after induction
of cell proliferation [21]. c-Jun is a positive regulator of Ras-
mediated transformation, while JunD acts as a negative reg-
ulator of Ras-mediated transformation [22]. Moreover, c-Jun
is a positive regulator of the cell cycle, as shown by multiple
experiments including overexpression of c-Jun in ¢broblasts
[23] and studies of c-Jun-de¢cient mouse embryonic ¢bro-
blasts [24], while JunD acts as a negative regulator of the
cell cycle as shown by overexpression in ¢broblasts [23].
One of the reasons why c-Jun and JunD display opposite
e¡ects on cell cycle progression is that, while c-Jun is a strong
activator of cyclin D1, JunD is a weak positive activator [25].
More generally, c-Jun, JunB and JunD behave di¡erently on
several of their target genes. For example, c-Jun and JunB
stimulate p55CDC (cdc20) expression while JunD represses
it, c-Jun and JunB stimulate the kinase PAK3 expression
while JunD has almost no action on it, but c-Jun represses
the Notch signaling pathway involved in protein HES-1 ex-
pression far more than JunB or JunD [26]. Since HBZ is
encoded by the retrovirus HTLV-I, which is itself involved
in cellular transformation, this opposite action of HBZ on
AP-1 factors that have an opposite action on the cell cycle
regulation and on transformation is of high signi¢cance.
Moreover, this ¢nding that HBZ has an opposite action on

c-Jun- and JunD-dependent transcription raises an interesting
question concerning the role of HBZ on Tax-induced AP-1
transcription. As mentioned in Section 1, the viral protein Tax
has multiple functions in the development of ATL, exerted
through the dysregulation of the transcription of several viral
and cellular genes including those encoding the AP-1 tran-
scription factors. To investigate if HBZ had an e¡ect on
Tax-induced AP-1 transcription, CEM cells were cotrans-
fected with Tax and HBZ as described above. As expected,
Tax was found to activate the expression of the luciferase
reporter gene by about 3.6-fold (Fig. 3D), and the luciferase
activity was repressed in the presence of HBZ. This result
supports the hypothesis of Basbous et al. that HBZ could
be a negative modulator of the Tax e¡ect by controlling
Tax expression at the transcriptional level and by attenuating
activation of AP-1 by Tax [13]. Moreover, given the di¡erent
e¡ects of HBZ on the three cellular Jun factors and given that
HBZ represses Tax-mediated AP-1 transcription, we can pos-
tulate that Tax exerts its e¡ect on AP-1 via c-Jun.
In conclusion, we can more generally postulate that HBZ is

able to activate the transcription of various cellular genes
which transcription is JunD-dependent. Further experiments
will be required to understand which other genes can be acti-
vated by HBZ and why HBZ has an opposite e¡ect on c-Jun-
and JunD-dependent transcription.
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