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Tax of HTLV-1 mediates T-cell survival via Bfl-1 and Bcl-xL



Human T lymphotropic virus type 1 (HTLV-1) 
is the ethological agent of adult T-cell 
leukemia/lymphoma (ATLL) that develops 
after several decades and for which there is no 
effective treatment. Among the viral proteins 
of HTLV-1, Tax and HBZ play a major role in 
the development of ATLL. In particular, Tax 
plays an important role in T-cell survival by 
activating the transcription of cellular genes 
through NF-κκκκB and AP-1 transcription factors. 
Here, we demonstrated that the antiapoptotic 
Bfl-1 protein of the Bcl-2 family is expressed in 
HTLV-1-infected T-cell lines, but not in 
uninfected T-cell lines, while Bcl-2 and Bcl-xL
proteins are expressed in both cell types. We 
then found that bfl-1 is expressed in both 
human T-cell lines and primary peripheral 
blood lymphocytes after ectopic or stable 
expression of Tax or knockdown of Tax. Tax 
stimulates endogenous bfl-1 transcription 
through the NF-κκκκB pathway, using Tax 
mutants or dominant-negative IκκκκBαααα mutant. 
We then showed that JunD or c-Jun, but not 
JunB, transcription factors of AP-1 family 
cooperate with Tax to stimulate bfl-1 promoter 
activity and to amplify endogenous bfl-1
transcription. HBZ, known to modulate AP-1 
activity, exerts a repressive effect on Tax-
mediated amplification of the bfl-1 promoter 
activation by c-Jun and synergizes with Tax 
and JunD to stimulate bfl-1 promoter 
activation. Finally, HTLV-1-infected T-cell 
lines are differentially sensitive to silencing of 
Bfl-1, Bcl-xL and Bcl-2 by short hairpin RNA 
strategy. Indeed, while no cell death was 
observed after Bcl-2 knockdown, either Bfl-1 
or Bcl-xL knockdown decreased survival of 
HTLV-1-infected T-cell lines. These results 
directly implicate Bfl-1, in addition to Bcl-xL, 
in the survival of HTLV-1-infected T-cells and 
furthermore suggest that both Bfl-1 and Bcl-xL
represent therapeutic targets for ATLL 
treatment.

INTRODUCTION 

Adult T-cell leukemia/lymphoma (ATLL) 
is associated to human T-cell leukemia virus type 
1 (HTLV-1) infection and is an aggressive 
malignancy of mature activated CD4+ T-cells, and 
in rare cases of CD4+CD8+ or CD8+ T-cells. 
Among the 10-20 million people infected 

worldwide, 2-10% will develop an ATLL after a 
long period of clinical latency. ATLL is 
characterized by the persistence and clonal 
expansion of CD4+ infected T-cells (Cavrois et al., 
1996; Etoh et al., 1997), but the molecular 
mechanisms of ATLL development are complexes 
and remain to be better defined. Among them, 
some are related to the expression of regulatory 
viral Tax protein and HTLV-1 basic leucine 
zipper (bZIP) factor (HBZ) (Li and Green, 2007). 
If the oncoprotein Tax is highly expressed in early 
stages of ATLL development, its expression 
decreased and become almost undetectable in 
most ATLL cells (Franchini et al., 1984; 
Furukawa et al., 1995; Sugamura et al., 1984). 
Strong evidences indicate that Tax plays a central 
role in T-cell transformation both in vitro in 
human cells and in vivo in transgenic animal 
models, even if Tax-induced immortalization of 
human primary T-cells is a very rare event (Bellon 
et al., 2010; Grassmann et al., 1992; Grossman et 
al., 1995; Hasegawa et al., 2006; Nerenberg et al., 
1987; Pozzatti et al., 1990; Robek and Ratner, 
1999). Tax modulates cellular gene expression 
and interferes with the control of cell survival, 
proliferation and genetic stability of infected cells 
(Grassmann et al., 2005; Ishikawa et al., 2010; 
Journo et al., 2009). Tax does not directly bind to 
DNA, but promotes the recruitment of 
transcription factors on targeted cellular genes. In 
particular, Tax activates survival transcription 
factors, such as nuclear factor-kappa B (NF-κB) 
and activator protein-1 (AP-1) members. Then, 
activated transcription factors directly increase 
expression of antiapoptotic proteins, such as c-
Flip, Hiap-1, Bcl-xL or IAP (Chlichlia and 
Khazaie, 2010; Grassmann et al., 2005; Hall and 
Fujii, 2005; Silbermann and Grassmann, 2007; 
Taylor and Nicot, 2008; Zane et al., 2010). As a 
consequence, both HTLV-1- and Tax-transformed 
T-cells show higher resistance to apoptosis than 
control cells (Fujita and Shiku, 1995; Taylor and 
Nicot, 2008). 

While Tax is repressed to be undetectable 
in some ATLL cases, HBZ remains expressed in 
all stages of ATLL process (Ishikawa et al., 2010; 
Journo et al., 2009; Nagakubo et al., 2007; 
Nakayama et al., 2008; Satou et al., 2006; Takeda 
et al., 2004; Usui et al., 2008). Both spliced and 
unspliced HBZ (sHBZ and usHBZ) transcripts are 
detected in patient cells, even if sHBZ transcripts 
and proteins are more abundant than that of 
usHBZ (Satou et al., 2006; Usui et al., 2008; 
Yoshida et al., 2008). HBZ controls gene 



transcription by interacting with Jun members of 
the AP-1 family through their bZIP domain. HBZ 
isoforms interact with Jun members and modulate 
their activity (Matsuoka, 2010). To date, an 
increasing number of reports indicates that HBZ 
promotes T-cell proliferation and inflammation 
(Arnold et al., 2008; Hagiya et al., 2011; 
Kuhlmann et al., 2007; Matsuoka, 2010; Satou et 
al., 2006; Satou et al., 2011).  

Many viruses responsible for the 
development of leukemia/lymphoma have evolved 
in order to escape the immune surveillance. 
Indeed, they can inhibit apoptosis by encoding 
viral Bcl-2 analogs, which mimic cellular 
antiapoptotic Bcl-2 family proteins, or by up-
regulating the cellular antiapoptotic Bcl-2 family 
protein expression (Polster et al., 2004; Postigo 
and Ferrer, 2009; White, 2006). Impaired 
apoptosis associated with an imbalance of the Bcl-
2 (B-cell lymphoma gene-2) family members 
expression in favor of antiapoptotic proteins is a 
hallmark of human hematopoietic malignancies 
and is frequently responsible for resistance to 
therapy {Kirkin, 2004 #15; (Adams and Cory, 
2007). The NF-κB transcription factors have been 
shown to directly up-regulate both bfl-1 (Bcl-2 
fetal liver) and bcl-xL (Bcl-2 like long) gene 
expression. Over-expression of both proteins has 
been associated with an increased resistance of 
tumor cells to apoptotic stimuli or to 
chemotherapeutic drugs (Brien et al., 2007; Chen 
et al., 2000; Grumont et al., 1999; Lam et al., 
2005; Lee et al., 1999; Olsson et al., 2007; 
Schneider et al., 1997; Simonian et al., 1997; 
Wang et al., 1999; Zong et al., 1999). 
Interestingly, several data point out a potential 
role for NF-κB-mediated over-expression of bfl-1
and bcl-xL by viral proteins in B- and T-
lymphoma/leukemia. Indeed, the bfl-1 promoter is 
triggered by Epstein-barr virus (EBV) latent 
membrane protein 1 (LMP1), by EBV nuclear 
antigen 2 (EBNA2) and by HTLV-1 Tax proteins 
(D'Souza et al., 2000; D'Souza et al., 2004; de la 
Fuente et al., 2003). Similarly, bcl-xL gene is 
activated by the EBV LMP2A and HTLV-1 Tax 
proteins in B- and T-cells, respectively (Mori et 
al., 2001; Nicot et al., 2000; Portis and 
Longnecker, 2004). While bfl-1 and bcl-xL
promoters have been described to be activated by 
Tax, the involvement of these antiapoptotic 
proteins in HTLV-1-infected T-cell survival 
remains to be demonstrated.  

These considerations prompted us to 
determine the mechanisms of antiapoptotic bfl-1
gene regulation by the two critical regulatory viral 

Tax and HBZ proteins, differentially expressed 
during ATLL development. We also aimed to 
compare the role of the antiapoptotic protein of 
the Bcl-2 family in survival of HTLV-1-infected 
T-cells. We report here that Bfl-1 expression is 
restricted to HTLV-1 status in T-cell lines. We 
demonstrated that Tax induces Bfl-1 expression 
through the NF-κB pathway, but also synergizes 
with JunD or c-Jun of AP-1 family to activate bfl-
1 transcription. Interestingly, HBZ modulates the 
synergistic effect between Tax and Jun members 
on bfl-1 gene activation. Finally, we showed that 
knockdown of Bfl-1 or Bcl-xL , but not Bcl-2, 
impairs HTLV-1-infected T-cell survival. 
Altogether, our data strongly suggest that Bfl-1 
and Bcl-xL represent potential therapeutic target 
for ATLL treatment. 

EXPERIMENTAL PROCEDURES 

Antibodies and plasmids-The monoclonal 
antibodies (mAbs) used were either mouse anti-
Bcl-xL (2H12) (Pharmingen), or anti-Bcl-2 (124, 
Dako SA), or anti-Mcl-1 (SC-12756, Tebu-bio), 
or anti-c-Jun (OP55, Merck), or anti-Flag 
(F3165), or anti-cMyc (santa cruz sc-40), or anti-
β-actin (Sigma Aldrich). We also used rabbit 
polyclonal antibodies anti-GST-Bfl-1 (kindly 
provided by J. Borst, The Netherlands Cancer 
Institute) and anti-IκBα (44D4, Cell signaling). 
The mouse mAb anti-Tax hybrydoma (168A51-
42) was a kind gift of AIDS Research and 
Reference Reagent Program (Division of AIDS, 
NIAID, NIH). Secondary reagents used were ECL 
anti-rabbit IgG horseradish peroxidase from 
donkey and anti-mouse IgG horseradish 
peroxidase from sheep (GE Healthcare). 

Plasmids used were empty-pSG5M, 
pSG5M-Tax-WT, pSG5M-Tax-M22 and pSG5M-
Tax-M47 (Meertens et al., 2004a; Smith and 
Greene, 1990); empty-pJFE and pJFE-Tax-WT 
(kindly provided by F. Bex, Belgium, (Lamsoul et 
al., 2005)); empty-pcDNA3, pcDNA-JunB, 
pcDNA-c-Jun and pCMV-JunD-Flag (Basbous et 
al., 2003; Thebault et al., 2004); -1374/+81-bfl-1 
promoter-driven luciferase gene (Bfl-1-Luc, 
kindly provided by D. Walls, Dublin, Ireland, 
(D'Souza et al., 2004)); pRL-TK-renilla luciferase 
(pRL-TK-Ruc, Promega), pCMV4-HA-IκBα
(S32/36A, (Sun et al., 1996)), and NF-κB and 
5’LTR-HTLV-1-driven luciferase gene (NF-κB-
Luc and LTR-HTLV-1-Luc (Meertens et al., 



2004b)). pcDNA-HBZ-Myc encoding sHBZ and 
the mutated sHBZ forms deleted for activation 
(HBZΔAD) and for bZIP (HBZΔbZIP) domains 
were previously described (Hivin et al., 2005; 
Thebault et al., 2004). 

Cells-HeLa cell line was grown in DMEM 
(Gibco Life Technologies) supplemented with 
10% endotoxin free FCS (Lonza), 2 mM L-
glutamine, 10 mM HEPES and 40 μg/mL of 
gentamicin (Gibco). The HTLV-1-transformed 
MT-2, MT-4, C8166-45, SP and FC36.22 T-cell 
lines were obtained from AIDS Research and 
Reference Reagent Program. The HTLV-1-
infected T-cell lines C91PL and HuT-102 were 
provided by E. Wattel (Lyon, France) and R. 
Mahieux, respectively. Uninfected human 
leukemia Jurkat (Clone E6-1), Sup-T1, Molt-4 
(Clone 8) and CEM, and lymphoma HuT-78 T-
cell lines, served as negative controls, were 
obtained from AIDS Research and Reference 
Reagent Program. JPX-9 cells are derivatives of 
Jurkat, which have a stably integrated tax gene 
under the control of a metallothionein promoter 
and are kindly provided by M. Nakamura (Tohoku 
University, Japan, (Nagata et al., 1989)). To 
induce Tax expression, JPX-9 cells were cultured 
in the presence of 20 μM CdCl2. Stably Tax/HBZ-
expressing Jurkat (clone E12) T-cells were 
obtained as previously reported (Lemasson et al., 
1997). The T-cell lines were grown in RPMI 1640 
medium (Gibco Life Technologies) supplemented 
as for DMEM medium. FC36.22 and SP cells 
were cultured in the presence of 4% of homemade 
murine IL-2.  

Human primary PBMC, obtained from 
Etablissement de Transfusion Sanguine (Lyon, 
France), were stimulated with mAbs anti-
CD3/CD28 (Dynabeads Human T-cell activator, 
Invitrogen) 48h prior to transduction. Then, the 
Tax-expressing T-cells were obtained by 
transduction of stimulated-PBMC with a 
lentivirus vector encoding a HTLV-1 Tax 
enhanced yellow fluorescent protein (YFP) fusion, 
as previously described (Chung et al., 2003). The 
obtained CD25+CD4+ Tax-T-cells were grown in 
complete RPMI medium supplemented with 1% 
(v/v) NEM NEAA, 1 mM Sodium Pyruvate and 
200 U/ml human IL-2 (Peprotech). 

RNA extraction and real-time RT-PCR-0.5-
2 x 106 T-cell lines were lyzed using TRIzol 
reagent (Invitrogen) and cDNAs were obtained as 
previously described (Cottalorda et al., 2006). The 

PCR were performed with fastStart SYBER Green 
Master (Roche) on a StepOne plus machine 
(Applied Biosystems) using 4 μM of each primer 
(Table S1). cDNA levels were normalized using 
the housekeeping HPRT and GusB genes. 0.1-0.5 
x 106 transfected-HeLa cells were lyzed according 
to the manufacturer’s specifications (SV total 
RNA isolation kit, Promega). 

Immunoblotting analysis-2-5 x106 cells 
were lyzed in 50 μL of NP-40 lysis buffer (150 
mM NaCl, 20 mM Tris-HCl (pH 7.4), 2 mM 
EDTA, and 1% NP-40) supplemented with 
protease inhibitor mixture (Roche). Cytoplasmic 
protein extracts (70-100 μg) were separated on a 
NuPage 4-12% Bis-Tris gel (Invitrogen) and 
transferred to nitrocellulose membrane 
(Invitrogen). Protein expression was analyzed by 
immunoblotting using specific Abs. Protein-Ab 
complexes were visualized by 
chemoluminescence (Western Lighting 
Chemiluminescence Reagent Plus; PerkinElmer).  

Transfections and luciferase assays-2.5x105

or 1.25x105 HeLa cells were plated on 6- or 24-
well plates overnight, respectively. Then, cells 
were transiently transfected with 3μg/6-well or 
1μg/24-well plasmids using JetPEI according to 
the manufacturer’s protocol (Ozyme). 48H post-
transfection, cells were collected for RNA and 
protein extractions or for luciferase assays. To 
compare amounts of expressing vectors between 
experiments performed in 6-wells and 24-wells, 
amounts are presented in figures as ng or μg of 
interest plasmid per μg of total transfected 
vectors. 4x106 Jurkat cells were plated on 6-well 
plates in 2 ml of medium and were transiently 
transfected with 12μg/6-well plasmids using 
nucleofection (program X-001 of the Nucleofector 
II machin and cell line nucleofector kit V (VCA-
1003); Amaxa).

Luciferase activities were determined in 
triplicate using a Luciferase Assay kit system 
(Dual-Glo®, Promega) and a luminometer (Infinite 
M200, Tecan) according to the manufacturer’s 
specifications. Luciferase activity was calculated 
using the ratio Luc/Ruc. Normalized 
luminescence values are presented as relative fold 
trans-activation by comparison to the basal bfl-1
luciferase activity obtained using empty-vector, 
which was arbitrary set up to one. 



Transduction assays-The RNA interference 
sequences are summarized in Table S2. The 
corresponding oligonucleotides were cloned into 
the lentiviral vector pLL3.7 co-expressing GFP as 
previously described (Brien et al., 2007). 3x105

cells were cultured in a 6-well plate for 24H. 
Then, cells were transduced with lentiviral vector 
expressing specific shRNA at 16 MOI in the 
presence of polybren (Sigma), as previously 
performed (Brien et al., 2007). Cells were 
collected at day 3 to 10 to evaluate efficiency of 
transduction (GFP+) by flow cytometry, protein 
extinction by immunoblotting, and mortality by 
flow cytometry after staining by 0.5 μg/mL 
propidium iodide (PI+). 

RESULTS 

The antiapoptotic Bfl-1 protein is over-
expressed in HTLV-1-infected T-cell lines-One 
study previously reported an activation of the bfl-
1 promoter in a Tax-transfected T-cell line (de la 
Fuente et al., 2003). To get a more general view 
of the expression of the antiapoptotic Bfl-1 
member of the Bcl-2 family, we analyzed mRNA 
and protein expression of Bfl-1 in HTLV-1-
infected and uninfected T-cells harboring different 
phenotypes. HTLV-1-transformed T-cell lines 
were CD4+CD8+ (SP), CD4+ (C91PL, MT-4, 
C8166-45, MT-2 and HuT-102) and CD8+

(FC36.22) (Table S3). We also analyzed 
uninfected T-cells, such as CD4+CD8+ (Molt-4 
and Sup-T1) and CD4+ (CEM, Jurkat and HuT-
78) T-cell lines as controls. Interestingly, Bfl-1 
transcripts and proteins were detected in all 
HTLV-1-infected T-cell lines whatever their 
phenotype, but not in uninfected T-cell lines (Fig. 
1A-B). We also compared the expression of Bcl-xL
and Bcl-2. In agreement with previous reports 
(Mori et al., 2001; Nicot et al., 2000), we 
observed that Bcl-2 and Bcl-xL messengers and 
proteins were expressed at different levels in both 
uninfected and HTLV-1-infected T-cell lines (Fig. 
S1A-B). In all cases, HTLV-1 infection of T-cells 
was confirmed by viral Tax expression (Fig. 1A-
B). 

Thus, these data show for the first time that 
Bfl-1 expression is restricted to the presence of 
HTLV-1 in CD4+CD8+, CD4+ and CD8+ T-cell 
lines, whereas Bcl-2 and Bcl-xL are not.

Tax activates the transcription of the bfl-1 
gene via the NF-κB pathway-To determine the 
molecular mechanism of Bfl-1 induction by 
HTLV-1, we first focused on Tax protein, which 
is well known to be involved in T-cell survival. 
We used JPX-9 cells, a Jurkat sub-line that carries 
the tax gene under the control of the inducible 
metallothionein promoter. Treatment of JPX-9 
cells with CdCl2 induced tax mRNA levels within 
12H and tax expression persisted until 48H (Fig. 
2A). We observed that bfl-1 transcript levels were 
significantly induced only 24H post-treatment 
with CdCl2 and further increased at 48H. These 
results indicated that tax expression preceded that 
of bfl-1 and that the level of bfl-1 correlated with 
that of tax. bfl-1 expression was also confirmed in 
mature Tax-expressing CD4+ T-cells derived from 
transduced-PBMC, whereas Tax-negative control 
did not express bfl-1 (Fig. 2B). Thus, these data 
indicate that Tax strongly induces bfl-1 gene 
expression in T-cells. 

As Tax trans-activates the expression of 
numerous genes via the NF-κB pathway (Hall and 
Fujii, 2005), and as bfl-1 promoter contains NF-
κB binding sites (D'Souza et al., 2004; Edelstein 
et al., 2003; Zong et al., 1999), we then 
investigated the role of the NF-κB pathway in 
Tax-mediated bfl-1 transcription (Fig. 3). HeLa 
cells were transfected with expressing vectors 
encoding for either wild type Tax (Tax-WT), Tax-
M47 (ΔCREB/ATF) or Tax-M22 (ΔNF-κB) 
mutants. Then, endogenous tax and bfl-1 mRNA 
levels were measured by real-time RT-PCR (Fig. 
3A). While the level of Tax-WT and Tax mutant 
transcripts were quite similar (Fig. 3A, left panel), 
only Tax-WT and Tax-M47 mutant efficiently 
induced endogenous bfl-1 mRNA expression (Fig. 
3A, right panel). In contrast, Tax-M22 mutant 
induced only weak bfl-1 mRNA expression.  

To further confirm the involvement of the 
NF-κB pathway in Tax-mediated bfl-1
transcription, we used the dominant-negative 
IκBα S32/S36A (IκBαDN) mutant construct that 
prevents the phosphorylation and thus the 
degradation of IκBα, an inhibitor of the canonical 
pathway. HeLa cells were co-transfected with 
either empty- or Tax-expressing vectors and with 
bfl-1-luciferase promoter plasmid (Bfl-1-Luc) and 
with increasing amounts of IκBαDN expression 
vectors. As shown in figure 3B, over-expression 
of IκBαDN resulted in a dose-dependent 
reduction of the Tax-mediated bfl-1 promoter 
activation (Fig. 3B, upper panel). Expression of 



IκBα and Tax proteins were checked by 
immunoblotting (Fig. 3B, lower panels). While 
IκBαDN was unable to totally inhibit the Tax-
mediated bfl-1 promoter activation even over than 
100 ng (Fig. 3B, upper panel and data not shown), 
IκBαDN completely inhibited Tax-mediated NF-
κB-responsive promoter (Fig. S2, left panel). By 
contrast, IκBαDN had no effect on HTLV-1-LTR 
trans-activation by Tax (Fig. S2, right panel), 
showing that this inhibitor is specific to the NF-
κB pathway. We finally analyzed the effect of 
IκBαDN on endogenous Tax-mediated bfl-1
messenger expression. HeLa cells were co-
transfected with Tax-WT- and IκBαDN-
expressing vectors and endogenous bfl-1
transcripts were measured by real-time RT-PCR. 
Over-expression of IκBαDN resulted in a 70% 
inhibition of the Tax-mediated endogenous bfl-1
mRNA expression (Fig. 3C). 

Altogether, these findings not only 
demonstrate that Tax trans-activates the bfl-1
gene through the NF-κB pathway, but also 
suggest that other transcription factors than NF-
κB might be involved in the regulation of bfl-1
gene expression. Reinforcing such hypothesis, we 
observed that NF-κB inhibitor Bay11-7082 partly 
inhibited bfl-1 mRNA expression in HTLV-1-
infected C91PL and MT-4 T-cell lines (data not 
shown).  

JunD and c-Jun cooperate with Tax to 
activate bfl-1 gene transcription-Previous reports 
showed that Tax-M22 mutant deleted for binding 
to NF-κB was also unable to activate AP-1-
responsive promoter (Peloponese and Jeang, 
2006) and that bfl-1 promoter contains AP-1 
binding sites (D'Souza et al., 2004; Edelstein et 
al., 2003). We therefore wondered whether AP-1 
may also be involved in trans-activation of the 
bfl-1 promoter by Tax. We first investigated the 
role of AP-1 members on the activation of bfl-1
gene expression by performing luciferase reporter 
assays. Co-transfection of HeLa cells with either 
JunB, c-Jun or JunD and bfl-1-luciferase promoter 
expressing vectors showed that both c-Jun and 
JunD activated the bfl-1 promoter in a dose-
dependent manner, whereas JunB did not (Fig. 
S3). We next analyzed the potential cooperation 
between either Tax and c-Jun or Tax and JunD 
using suboptimal amounts of AP-1-expressing 
vectors. Interestingly, over-expression of Tax with 
c-Jun or JunD resulted in the amplification of the 
bfl-1 promoter activity compared to Tax, c-Jun or 

JunD alone in a dose-dependent manner (Fig. 4A
and B, upper panels). Immunoblotting 
experiments confirmed the expression of Tax, c-
Jun or JunD in transfected-HeLa cells (Fig. 4A
and B, lower panels). We next examined the 
cooperation of Tax with either c-Jun or JunD on 
endogenous bfl-1 gene expression. For that 
purpose, HeLa cells were co-transfected either 
with Tax and c-Jun- or Tax- and JunD-expressing 
vectors and bfl-1 mRNA expression was evaluated 
by real-time RT-PCR. We observed that bfl-1
gene transcription was highly increased in cells 
co-expressing Tax plus c-Jun or Tax plus JunD as 
compared with cells expressing only Tax or c-Jun 
or JunD (Fig. 4C).  

Thus, these results show for the first time 
that Tax acts synergistically either with c-Jun or 
JunD to trans-activate the bfl-1 gene.  

HBZ regulates Jun-induced bfl-1 promoter 
activation via both activation and basic leucine 
zipper domains-As HBZ modulates gene 
expression via c-Jun and JunD (Basbous et al., 
2003; Kuhlmann et al., 2007; Matsumoto et al., 
2005; Thebault et al., 2004), we then focused on 
the ability of HBZ viral protein to regulate bfl-1
gene activation. We first analyzed the role of HBZ 
on the activation of bfl-1 gene expression by 
performing luciferase reporter assays. Co-
transfection of HeLa cells with HBZ-expressing 
vector and bfl-1-luciferase promoter plasmid 
showed that HBZ was unable to activate the bfl-1
promoter, whatever the amount of HBZ 
expression vector used (Fig. 5A and B, upper 
panels). We next analyzed the potential effect of 
HBZ on c-Jun or JunD-mediated bfl-1 promoter 
activation using high amounts of Jun-expressing 
vectors. Interestingly, over-expression of HBZ 
inhibited c-Jun-mediated activation of the bfl-1
promoter in a dose-dependent manner (Fig. 5A, 
upper panel). By contrast, over-expression of 
HBZ with JunD resulted in the amplification of 
JunD-mediated bfl-1 promoter activation in a 
dose-dependent manner (Fig. 5B, upper panel). 
Immunoblotting experiments confirmed the 
expression of HBZ, c-Jun or JunD in transfected-
HeLa cells (Fig. 5A and B, lower panels).  

We further examined the role of activation 
(AD) and basic leucine zipper (bZIP) domains in 
HBZ modulating Jun-induced bfl-1 promoter 
activation, using the well characterized HBZ 
mutants (HBZ-ΔAD and -ΔbZIP). The HBZ-WT 
or each of its deleted forms expressing vector and 



the bfl-1-promoter vector were transiently co-
transfected into HeLa cells with or without c-Jun- 
or JunD-expressing vectors. As shown in figure 
5C, HBZ AD partially repressed c-Jun-mediated 
bfl-1 promoter activation, whereas HBZ bZIP 
was unable to do so (Fig. 5C, left panel). By 
contrast, HBZ AD was unable to enhance JunD-
mediated bfl-1 promoter activation, whereas 
HBZ bZIP had no significant effect on JunD-
mediated bfl-1 promoter trans-activation (Fig. 5C, 
right panel).  

Altogether these results demonstrate that (i)
HBZ suppresses c-Jun-mediated bfl-1 promoter 
activation (ii) HBZ acts synergistically with JunD 
to increase the activation of the bfl-1 promoter, 
and (iii) both the activation and basic leucine 
zipper domains of HBZ are required to modulate 
c-Jun- or JunD-induced bfl-1 promoter activation.  

HBZ modulates Tax-cooperation with c-Jun 
or JunD to trans-activate the bfl-1 promoter-We 
have shown that Tax acts synergistically with Jun 
members to enhance the activation of the bfl-1
promoter and that HBZ modulates Jun-mediated 
bfl-1 promoter activity. We then tested whether 
HBZ modulated the synergic effect between Tax 
and Jun members on the activation of the bfl-1
promoter. HeLa cells were co-transfected with bfl-
1-luciferase promoter vector and either Tax and/or 
HBZ or Tax and/or HBZ plus c-Jun or Tax and/or 
HBZ plus JunD expressing vectors. Figure 6A
showed that over-expression of HBZ repressed 
Tax-mediated bfl-1 promoter activation. Similarly, 
co-expression of Tax, HBZ and c-Jun led to a total 
suppression of the bfl-1 promoter activation, 
compared to co-expression of Tax plus c-Jun (Fig. 
6A, left panel). By contrast, over-expression of 
Tax, HBZ and JunD resulted in an increased of 
bfl-1 promoter activity, compared to Tax plus 
JunD (Fig. 6A, right panel). To confirm these 
results in T-cells, the Jurkat T-cell line was 
nucleofected with bfl-1-promoter vector and 
empty-, Tax-, HBZ-, c-Jun- or JunD-expressing 
vectors. As expected, similar results were 
obtained in Jurkat T-cells (Fig. 6B). Finally, we 
measured the resulting activity of Tax and HBZ 
on the endogenous expression of bfl-1 transcripts 
by real-time RT-PCR in Jurkat T-cells stably 
expressing Tax and HBZ (Jurkat-Tax/HBZ). 
Thus, Jurkat T-cells stably expressing high level 
of tax and low level of hbz transcripts also 
expressed bfl-1 transcripts (Fig. 6C).  

Altogether, these findings demonstrate for 
the first time that (i) over-expression of HBZ 
exerted a repressive effect on Tax-mediated 
amplification of the bfl-1 promoter activation by 
c-Jun and (ii) over-expression of HBZ and Tax 
synergize to stimulate JunD-mediated bfl-1
promoter activation. However, bfl-1 remains 
highly expressed in T-cells when Tax is strongly 
expressed compared to HBZ. 

Bfl-1, as well as Bcl-xL, is involved in 
HTLV-1-infected T-cell survival-We finally asked 
whether Bfl-1 participates to survival of HTLV-1-
infected T-cell lines. We also compared the 
involvement of Bfl-1 to that of two others anti-
apoptotic Bcl-2 or Bcl-xL proteins on the survival 
of T-cells. We therefore knocked down the 
expression of these proteins using a lentivirus-
based vector pLL3.7 that co-expressed specific 
shRNA and GFP as a reporter gene, thus 
permitting transduced cells to be tracked by flow 
cytometry. The transduction of uninfected (Jurkat) 
and HTLV-1-infected (C91PL and MT-4) T-cell 
lines ranged between 87% to 98% after 5 to 7 
days of infection (data not shown). Bcl-2, Bcl-xL
or Bfl-1 silencing by the specific shRNA was 
confirmed by immunoblotting (Fig. 7A). We then 
assessed the effect of Bcl-2, Bcl-xL and Bfl-1 
knockdown on T-cell survival. We observed that 
Bcl-xL and Bfl-1 knockdown potently induced 
death of HTLV-1-infected C91PL T-cells (Figure 
7B, middle panel). However, only 20-40% of cell 
death was detected in C91PL cells transduced by 
Bcl-xL or Bfl-1 shRNA, suggesting that Bfl-1 
expression may offset the Bcl-xL knockdown and 
conversely. Interestingly, Bfl-1 silencing induced 
80% of HTLV-1-infected MT-4 T-cell death, 
whereas MT-4 cell death never exceeded 25% 
following knockdown of Bcl-xL within 7 days 
(Fig. 7B, right panel). Finally, Ctl or Bcl-2 
shRNA did not induce significant death in 
transduced C91PL and MT-4 T-cells and viability 
of uninfected Jurkat T-cells was not altered by all 
shRNA tested (Fig. 7B). 

Altogether, these data directly involve Bfl-
1, but also Bcl-xL, in survival of HTLV-1-
transformed T-cell lines. 



DISCUSSION 

ATLL development is a multistep 
oncogenic process, including among others 
survival and proliferative T-cell mechanisms. 
More and more studies point out the growing 
complexity of the mechanisms regulating Tax and 
HBZ expression and their impact in 
leukemogenesis (see reviews (Chlichlia and 
Khazaie, 2010; Journo et al., 2009; Matsuoka, 
2010)). Understanding the impact of anti-
apoptotic proteins of the Bcl-2 family on HTLV-
1-infected T-cell survival may provide clues for 
the development of new therapeutic strategies. In 
the present paper, we show that (i) HTLV-1-
infected T-cells express Bfl-1 protein, whereas 
uninfected leukemia/lymphoma T-cells do not, (ii)
the regulatory viral Tax protein induces Bfl-1 
expression via NF-κB and AP-1 pathways, while 
HBZ protein modulates its expression, and (iii)
Bfl-1 is involved in survival of HTLV-1-infected 
T-cell lines. Thus, these results show for the time 
that Bfl-1 may represent a potential target for 
future drug development against ATLL associated 
to HTLV-1. 

The earliest stages of ATLL development 
are characterized by a high expression of Tax, 
compared to HBZ, thus favoring viral replication 
and survival transcription factor activation. In late 
stages, Tax expression decreases until being 
undetectable and thus many ATLL cells express 
only HBZ. Results from our study indicate that 
Bfl-1 expression is restricted to T-cell lines 
infected by HTLV-1 or stably expressing both 
Tax and HBZ, where Tax expression is found to 
be higher than that of HBZ. In addition, we also 
demonstrated that both ectopic and stable 
expression of Tax up-regulates endogenous bfl-1
in primary T-cells and thymocytes (here and 
(Villaudy et al., 2011)), indicating that Bfl-1 
expression in HTLV-1-infected T-cells is Tax 
dependent. Our data show unequivocally that Tax-
mediated Bfl-1 expression occurs via the 
canonical NF-κB pathway. Supporting the 
involvement of NF-κB in T-cell survival, others 
and we observed that Bay11-7082, an inhibitor of 
the classical NF-κB pathway, partly down-
regulates Bfl-1 (we) and Bcl-xL ((Mori et al., 
2002), and data not shown), and partially induced 
cell death in HTLV-1-infected T-cell lines (data 
not shown). In agreement with these findings, 
previous reports indicated that HTLV-1-infected 
T-cell lines and ATLL cells are quite resistant to 
cell death in the presence of NF-κB inhibitors 

(Agbottah et al., 2008; Kawakami et al., 1999; 
Mori et al., 2002; Portis et al., 2001; Sanda et al., 
2006). These observations thus support the 
hypothesis that signaling pathways, other than the 
canonical NF-κB pathway, are involved in over-
expression of the antiapoptotic Bfl-1 protein. We 
report here that JunD and c-Jun, but not JunB, 
potently activate the bfl-1 promoter and stimulate 
endogenous expression of bfl-1. Jun members are 
responsible for the expression of genes involved 
in cell proliferation, survival and T-cell 
transformation (Eferl and Wagner, 2003; 
Shaulian, 2010). While Tax is able to activate the 
expression and increase the activity of JunD, c-
Jun, c-Fos and Fra-1/2 in vitro (Fujii et al., 2000; 
Hall and Fujii, 2005; Iwai et al., 2001; Mori et al., 
2000), only JunD seems to be constitutively 
activated in ATLL cells. Our study is the first to 
report that JunD or c-Jun synergized with Tax to 
activate bfl-1 transcription. Such observation is 
consistent with previous identification of AP-1 
binding sites in the bfl-1 promoter (D'Souza et al., 
2004; Edelstein et al., 2003). In line with our data, 
mouse CTLL-2 T-cells expressing Tax mutant 
defective for both NF-κB and AP-1 activivity 
(Tax-M22) were unable to survive in the absence 
of IL-2, in contrast to cells expressing Tax-WT 
(Iwai et al., 2001; Iwanaga et al., 1999). Thus, our 
results strongly indicate that c-Jun and JunD, in 
addition to the NF-κB pathway, may be involved 
in HTLV-1-infected T-cell survival at early stages 
of leukemogenesis by enhancing Tax-mediated 
antiapoptotic protein expression. In agreement 
with this hypothesis, knockdown of Tax using 
shRNA strategy induced down-regulation of bfl-1
and T-cell death (data not shown). 

Numerous studies showed that HBZ 
modulates NF-κB and AP-1 pathways in order to 
enhance proliferation of HTLV-1-infected T-cells 
in late stages of ATLL (see review, (Matsuoka, 
2010)). Present data demonstrate that HBZ is 
unable to trans-activate the bfl-1 gene in T-cells, 
but it inhibits Tax-mediated bfl-1 trans-activation. 
Supporting our observation, previous studies 
indicated the selective suppression of the classical 
NF-κB pathway by HBZ, showing that HBZ 
interacts with the p65 subunit of NF-κB, thus 
preventing its DNA-binding activity and inducing 
its degradation through a proteasome-dependent 
pathway (Zhao et al., 2009; Zhi et al., 2011). 
However, HBZ-mediated partial repression of the 
classical NF-κB pathway is suppressed when Tax 
is overexpressed (Zhao et al., 2009). In line with 
this observation, we show that ectopic expression 
of HBZ does not have a complete suppressive 



effect on Tax-mediated bfl-1 trans-activation. 
Moreover, numerous papers previously indicated 
that the classical NF-κB pathway stay activated 
by Tax in HTLV-1-infected T-cell lines, 
regardless the higher expression of Tax compared 
to HBZ (see review (Matsuoka and Jeang, 2011; 
Silbermann and Grassmann, 2007)). HBZ 
heterodimerizes with classical NF-κB and AP-1 
members via bZIP domain, while its activity is 
mediated through AD domain (Basbous et al., 
2003; Hagiya et al., 2011; Kuhlmann et al., 2007; 
Lemasson et al., 2007; Matsumoto et al., 2005; 
Ohshima et al., 2010; Thebault et al., 2004; Zhao 
et al., 2009). Here, we demonstrate that HBZ 
modulates bfl-1 transcription induced by Jun 
members via both AD and bZIP domains. 
Moreover, HBZ inhibits c-Jun-mediated bfl-1
gene activation and enhances bfl-1 gene activation 
induced by JunD. Similar results were obtained 
when HBZ, Jun and Tax are over-expressed. This 
reinforces the notion that HBZ exerts two 
opposite effect on the same gene depending on its 
Jun partner. However, both NF-κB and AP-1 
pathways remain activated by Tax in HTLV-1-
infected T-cell lines, regardless of lower HBZ 
expression compared to Tax. In this regard, Bfl-1 
is still expressed in a T-cell line constitutively 
expressing both HBZ and Tax. It is noteworthy 
that we observed Bfl-1 protein expression in cells 
from two patients suffering from ATLL (data not 
shown). Altogether, our results suggest that Bfl-1 
over-expression might have a significant 
relevance in the early stage of leukemogenesis 
associated to HTLV-1 or in ATLL cells.  

Using shRNA silencing strategy, we 
provide here the first direct evidence that 
knockdown of Bfl-1 sensitizes HTLV-1-infected 
T-cells to death. Among the HTLV-1-transformed 
T-cell lines we studied, some (MT-4 and C8166-
45) mainly died after Bfl-1 knockdown and 
moderately after Bcl-xL knockdown. In others 
HTLV-1-infected T-cells (C91PL, HuT-102 and 
C10/MJ), silencing Bfl-1 or Bcl-xL expression 
induced partial cell death (here and not shown). 
These apparent differences may be ascribed to the 
level of antiapoptotic proteins and/or to the 
efficiency of there down-regulation by shRNA. 
Supporting previous findings which demonstrated 
that Tax do not up-regulate Bcl-2 and that ATLL 
cells do not over-express Bcl-2 (Kawakami et al., 
1999; Mori et al., 2001; Nicot et al., 2000; 
Tsukahara et al., 1999), we show here that 
knockdown of Bcl-2 does not significantly affect 
survival HTLV-1-transformed T-cell lines. Thus, 
these results directly implicate Bfl-1, but also Bcl-
xL, in survival of HTLV-1-infected T-cells and 

support the hypothesis that these two anti-
apoptotic proteins may be crucial for the extended 
survival of pre-leukemic T-cells and potentially 
ATLL cells in vivo in the context of HTLV-1 
infection.  

Altogether, our results provide new 
insights about the mechanisms of Tax/HBZ-
mediated anti-apoptotic Bfl-1 over-expression and 
the role of Bfl-1 in T-cell survival during 
leukemogenesis associated to HTLV-1 and allow 
us to propose a new targeted therapeutic strategy 
for ATLL treatment, as previously shown in B-
cell malignancies (Brien et al., 2007; Morales et 
al., 2005; Olsson et al., 2007; Schneider et al., 
1997; Simonian et al., 1997). 
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FIGURES LEGENDS 

FIGURE 1. Antiapoptotic Bfl-1 transcripts and proteins are expressed in HTLV-1-infected T-cell 
lines, but not in uninfected leukemic T-cell lines. A, Relative expression of specific bfl-1, tax and 
hbz mRNA was normalized using housekeeping genes after real-time RT-PCR of uninfected (Sup-T1, 
Molt-4, Jurkat, HuT-78 and CEM) and HTLV-1-infected (MT-4, C8166-45, SP, MT-2, HuT-102, 
C91PL and FC36.22) T-cell lines. B, Protein levels for Bfl-1 and Tax in uninfected and HTLV-1-
infected T-cell lines were determined by Western blotting. The loading control was the housekeeping 
β-actin protein. Results are from one representative experiment of two to three. 

FIGURE 2. The Bfl-1 gene is transcriptionally activated by Tax in human T-cells. A, Expression 
of tax and bfl-1 messengers in JPX-9 cells at different times post-treatment with 20 μM of CdCl2. The 
relative expression of specific tax and bfl-1 mRNA was normalized using housekeeping genes after 
real-time RT-PCR. Data are presented as fold induction by comparison to untreated cells, where 
relative expression was arbitrary set up to one. Results are from one representative experiment of two. 
B, Expression of bfl-1 transcript in primary CD4+ T-cells and Tax-expressing CD4+ T-cells derived 
from transduced-PBMC by real-time RT-PCR. The relative expression of tax and bfl-1 mRNA was 
normalized using housekeeping genes. Results are from one representative experiment of three. ND = 
not determined 

FIGURE 3. Tax trans-activates the bfl-1 gene via the NF-κκκκB-pathway. A, Effect of wild type Tax 
(Tax-WT) and Tax mutants (Tax-M47 and Tax-M22) on the expression of endogenous bfl-1
transcripts. Empty-vector, Tax-WT, Tax-M22 or Tax-M47 expression vectors (0.3 μg) were 
transfected into HeLa cells. After 2 days, the relative expression of tax (left panel) and bfl-1 (right 
panel) mRNA was normalized using housekeeping gene by real-time RT-PCR. Results are expressed 



as mean±SD of three independent experiments. B, Effect of IκBαDN on Tax-mediated activation of 
the bfl-1 promoter. Upper panel, HeLa cells were co-transfected with Bfl-1-Luc promoter (0.3 μg), 
with pRL-TK-Ruc (0.1 μg) plasmids, with increasing amounts of IκBαDN (1.56 to 100 ng) and with 
empty or Tax-WT (0.3 μg) expression vectors. After 2 days, luciferase activity was normalized to TK-
Ruc. Normalized luciferase values were expressed as trans-activation (n-fold) over control empty 
vector. The bars represent the mean±SD of three independent experiments. Lower panel, protein levels 
for IκBα and Tax in lysates of HeLa samples were determined by western blotting. β-actin was used 
as a loading control. C, Effect of IκBαDN on Tax-mediated endogenous bfl-1 mRNA expression. 
HeLa cells were co-transfected with IκBαDN (100 ng) and empty or Tax-WT (0.3 μg) expression 
vectors. After 2 days, the relative expression of bfl-1 mRNA was normalized using housekeeping gene 
by real-time RT-PCR. Results are expressed as mean±SD of triplicates. 

FIGURE 4. Tax synergizes with either c-Jun or JunD to trans-activate the bfl-1 gene. A, Effect of 
Tax on c-Jun-mediated activation of the bfl-1 promoter. Upper panel, HeLa cells were co-transfected 
with Bfl-1-Luc promoter (0.3 μg) and pRL-TK (0.1 μg) plasmids and either with c-Jun- (6.25 ng) and 
increasing amounts of Tax-WT-(0.2 and 0.4 μg) expression vectors. Luciferase activity was 
normalized and presented as in Figure 3. Results are expressed as mean±SD of three independent 
experiments. Lower panel, protein levels for Tax and c-Jun in lysates of HeLa samples were 
determined by western blotting. β-actin was used as a loading control. Results are from one 
representative experiment of two. B, Effect of Tax on JunD-mediated activation of the bfl-1 promoter. 
Upper panel, HeLa cells were co-transfected with Bfl-1-Luc promoter (0.3 μg) and pRL-TK (0.1 μg) 
plasmids and either with different amounts of Tax-WT- (0.2 and 0.4 μg) and JunD- (6.25 ng) 
expression vectors. Luciferase activity was normalized and presented as in Figure 3. Results are 
expressed as mean±SD of three independent experiments. Lower panel, protein levels for Tax and 
JunD (lower panel) in lysates of HeLa samples were determined by western blotting. β-actin was used 
as a loading control. Results are from one representative experiment of two. C, Effect of Tax on Jun-
mediated endogenous bfl-1 mRNA expression. HeLa cells were transfected with Tax-WT (0.3 μg), c-
Jun (6.25 ng) or JunD (6.25 ng) expressing vectors alone or co-transfected with Tax-WT plus c-Jun or 
Tax-WT plus JunD expressing vectors. After 2 days, the relative expression of bfl-1 mRNA was 
normalized using housekeeping gene by real-time RT-PCR. Results are expressed as mean±SD of 
triplicates. 

FIGURE 5. HBZ modulates Jun-mediated bfl-1 promoter activation via both activation and 
leucine zipper domains. A, HBZ inhibits c-Jun-mediated activation of the bfl-1 promoter. Upper 
panel, HeLa cells were co-transfected with Bfl-1-Luc promoter (0.3 μg) and pRL-TK (0.1 μg) 
plasmids and either with increasing amounts of WT HBZ- (6.25 to 25 ng) and c-Jun- (25 ng). 
Luciferase activity was normalized and presented as in Figure 3. Results are expressed as mean±SD of 
three independent experiments. Lower panel, protein levels for WT HBZ and c-Jun in lysates of HeLa 
samples were determined by western blotting. β-actin was used as a loading control. Results are from 
one representative experiment of two. B, HBZ synergizes with JunD to activate the bfl-1 promoter. 
Upper panel, HeLa cells were co-transfected with Bfl-1-Luc promoter (0.3 μg) and pRL-TK (0.1 μg) 
plasmids and either with increasing amounts of WT HBZ- (6.25 to 25 ng) and JunD- (25 ng) 
expression vectors. Luciferase activity was normalized and presented as in Figure 3. Results are 
expressed as mean±SD of three independent experiments. Lower panel, protein levels for WT HBZ 
and JunD in lysates of HeLa samples were determined by western blotting. β-actin was used as a 
loading control. Results are from one representative experiment of two. C, Both activation and leucine 
zipper are required for full HBZ activities. HeLa cells were co-transfected with Bfl-1-Luc promoter 
(0.3 μg) and pRL-TK (0.1 μg) plasmids and either with HBZ (WT, ΔAD, ΔbZIP, 25 ng), or c-Jun (25 
ng, left panel) or JunD (25 ng, right panel) expressing vectors alone or with HBZ (WT, ΔAD, ΔbZIP) 
plus c-Jun or HBZ (WT, ΔAD, ΔbZIP) plus JunD expressing vectors. After 2 days, luciferase activity 



was normalized and presented as in Figure 3. Results are expressed as mean±SD of three independent 
experiments.  

FIGURE 6. HBZ modulates the synergistic effect between Tax and AP-1 members on the 
activation of the bfl-1 promoter in transient transfection models. A, Effect of HBZ on Tax/c-Jun- 
(left panel) or Tax/JunD- (right panel) mediated bfl-1 promoter activation. HeLa cells were co-
transfected with Bfl-1-Luc promoter (0.3 μg) and pRL-TK (0.1 μg) plasmids and with c-Jun or JunD 
(6.25 ng), HBZ (25 ng), and Tax (250 ng) expressing vectors. Luciferase activity was normalized and 
presented as in Figure 3. Results are expressed as mean±SD of three independent experiments. B,
Effect of HBZ on Tax/c-Jun- (left panel) or Tax/JunD- (right panel) mediated bfl-1 promoter 
activation. Jurkat T-cell line was nucleofected with Bfl-1-Luc promoter (4 μg) and pRL-TK (2 μg) 
plasmids and with Tax (3 μg), and/or HBZ (1.5 μg), and/or c-Jun or JunD (1.5 μg) expressing vectors. 
Luciferase activity was normalized and presented as in Figure 3. Results are expressed as mean±SD of 
three independent experiments. C, Expression of bfl-1 transcript in parental and stably Tax/HBZ-
expressing Jurkat cells (Clone E12) by real-time RT-PCR. The relative expression of specific tax, hbz 
and bfl-1 mRNA was normalized using housekeeping genes. Results are from one representative 
experiment of three. 

FIGURE 7. Down-regulation of Bfl-1 expression induced spontaneous HTLV-1-infected T-cell 
death. Cells were transduced with lentivirus expressing Luc-Ctl or Bfl-1 shRNA. A, After 5 days, the 
knockdown of Bfl-1 by the specific shRNA in transduced uninfected (Jurkat) and HTLV-1-infected 
(C91PL and MT-4) T-cell lines was controlled by western blotting using specific mAb against Bfl-1 
(upper panels). Comparable protein loading was confirmed using a mAb specific for the housekeeping 
β-actin protein (lower panels). B, Percent of dead cells (PI+) was measured by flow cytometry 5 ( ) to 
7 ( ) days post-transduction. Results are from one representative experiment of three to five. 

















SUPPLEMENTAL DATA 

Supplementary Methods 

The sequences of RT-PCR and shRNA primers are summarized in Table S1 and S2, respectively 

Table S1. List of primers used for real time RT-PCR

Gene Name Orientation Sequence (5’ to 3’) 

bcl-2 Forward TGTGGATGACTGAGTACCTGAACC 

Reverse GTTTGGGGCAGGCATGTTGAC 

bcl-xL Forward CGRGGAAAGCGTAGACAAGGA 

Reverse ATTCAGGTAAGTGGCCATCCAA 

bfl-1 (bcl-2/A1) Forward ACAGGCTGGCTCAGGACTATCT 

Reverse CTCTGGACGTTTTGCTTGGAC 

tax Forward TGTTTGGAGACTGTGTACAAGGCG 

 Reverse GTTGTATGAGTGATTGGCGGGGTAA 

hbz Forward ATGGCGGCCTCAGGGCTGT 

Reverse TGGAGGGCCCCGTCGCAG 

gus Forward GATTGCCAATGAAACCAGGTATCCC 

Reverse ACACGCAGGTGGTATCAGTCTTG 

hprt Forward ACCCGCAGCCCTGGCGTCGTGATTA 

Reverse CCATCTCCTTCATCACATCTCGAGC 



Table S2. Target sequences of shRNAs

Gene Name Sequence 

Luc CTTACGCTGAGTACTTCGA

Bcl-2 AACCGGGAGATAGTGATGAAG

bcl-xL AGGATACAGCTGGAGTCA

bfl-1 (bcl-2/A1) AAGGAGTTTGAAGACGGCATC



Supplementary Data 

Table S3. Phenotype of uninfected and HTLV-1-infected human T-cell lines

T-cell lines T-cell markers 

(%) a
Activation molecules 

(MFI) b

 CD2 CD3 CD4 CD8 TCR-α/β CD25 HLA-DR 

HTLV-        

Sup-T1  + + + + - 5 4 

Molt-4 - + + + - 6 6 

Jurkat + + + - + 5 5 

CEM - - + - - 4 4 

HuT-78 + + + - + 823 617 

HTLV-1+        

SP + + + + - 752 9 

C91PL - - + - + 55 90 

MT-4 + - + - - 820 615 

C8166-45 - - + - - 163 404 

MT-2 + - + - + 1150 697 

HuT-102 + - + - - 561 500 

FC36.22 + + - + + 1094 841 
a (-) and (+) are used to notify that 0% and 100% of cells were negative and positive for staining, 
respectively 
b MFI corresponds to mean of fluorescence intensity 

Data are shown as mean of three to five separate experiments 

SD were below 20% 

Supplementary Figure 1. Expression of Bcl-2, Bcl-xL, HTLV-1 Tax and HBZ in human uninfected 
and HTLV-1-infected T-cell lines. A, Relative expression of the specific bcl-2, bcl-xL, tax and hbz
mRNA was normalized using housekeeping gene after real-time RT-PCR. B, Protein levels for Bcl-2, 
Bcl-xL, and Tax in uninfected (Sup-T1, Molt-4, Jurkat, HuT-78 and CEM) and HTLV-1-infected (MT-
4, C8166-45, SP, MT-2, HuT-102, C91PL and FC36.22) T-cell lines were determined by western 



blotting. The loading control was the housekeeping β-actin protein. Results are from one 
representative experiment of two to three. 

Supplementary Figure 2. Effect of IκκκκBααααDN on Tax-mediated activation of the NF-κκκκB promoter.
HeLa cells were co-transfected with either NF-κB-Luc or 5’LTR-HTLV-1-Luc promoter (0.3 μg) and 
pRL-TK-Ruc (0.1 μg) plasmids, and different amounts of IκBαDN (1.56 and 25 ng), and either empty 
or Tax-WT (0.3 μg) expressing vectors. After 2 days, luciferase activity was normalized to TK-Ruc 
activity as in Figure 3. Data are presented as relative fold trans-activation by comparison to the basal 
NF-κB or LTR-HTLV-1 luciferase activity obtained using empty-vector, which was arbitrary set up to 
one. The bars represent the mean±SD of three independent experiments.

Supplementary Figure 3. Effect of Jun members on activation of the bfl-1 promoter. HeLa cells 
were co-transfected with Bfl-1-Luc promoter (0.3 μg) and pRL-TK (0.1 μg) plasmids with c-Jun-, 
JunD- or Jun-B- (6.25 to 100 ng) expression vectors. Luciferase activity was normalized and presented 
as in Figure 3. Results are expressed as mean±SD of three independent experiments. 
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