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The human T-cell leukemia virus type 1 (HTLV-1) Tax transactivator is known to induce or repress
various cellular genes, several of them encoding transcription factors. As Tax is known to deregulate
various basic bHLH factors, we looked more specifically at its effect on TAL1 (T-cell acute lymphoblastic
leukemia 1), also known as SCL (stem cell leukemia). Indeed, TAL1 is deregulated in a high percentage
of T-cell acute lymphoblastic leukemia cells, and its oncogenic properties are well-established. Here we
show that Tax induces transcription of this proto-oncogene by stimulating the activity of the TAL1 gene
promoter 1b, through both the CREB and NF-�B pathways. It was also observed that TAL1 upregulates
HTLV-1 promoter activity, in either the presence or the absence of Tax. The viral promoter is inhibited
in trans by expression of the E2A protein E47, and TAL1 is able to abrogate this inhibition. These data
show the existence of a positive feedback loop between Tax and TAL1 expression and support the notion
that this proto-oncogene participates in generation of adult T-cell leukemia/lymphoma by increasing the
amount of the Tax oncoprotein but also possibly by its own transforming activities.

Human T-cell leukemia virus type 1 (HTLV-1) is the etio-
logical agent of adult T-cell leukemia/lymphoma (ATL) and
tropical spastic paraparesis/HTLV-1-associated myelopathy
(14, 38, 41, 46). ATL develops in approximately 1% to 2% of
HTLV-1-infected individuals, after a long period of latency,
suggesting a multistep process of T-lymphocyte transformation
(15, 32). HTLV-1 encodes the 40-kDa oncoprotein Tax, which
potently transactivates the HTLV-1 long terminal repeat
(LTR) promoter and which plays a key role in T-lymphocyte
transformation. Activation of the viral promoter involves mo-
lecular contacts between Tax and the cyclic AMP response
element binding protein (CREB), the p300/CBP coactivators,
and general transcription factors, including the TATA box
binding protein (TBP) and the TBP-associated factor 28 (2, 5,
8, 9, 21, 47). The transforming properties of Tax have been well
established in various cellular and animal models, and they are
likely to result from pleiotropic effects of the viral protein on
various transcription factors, including members of the CREB,
SRF, and Ets families; on signal transduction pathways such as
NF-�B or those involving PDZ proteins; on cell cycle progres-
sion regulatory factors, on factors of the DNA damage re-
sponse; and also on members of the cell division control ma-
chinery (15, 16, 19–22, 28, 31–34). Among these various

activities, Tax is also able to deregulate transcription mediated
by E proteins (40).

E proteins are transcription factors of the basic helix-
loop-helix (bHLH) family and include the E2A (E47 and
E12), HEB, and E2-2 genes products. The HLH domain is
implicated in protein dimerization, while the basic region is
responsible for DNA binding on the E-box consensus motif
(CANNTG). These class I bHLH proteins are widely ex-
pressed, whereas class II bHLH proteins, such as TAL1
(T-cell acute lymphoblastic leukemia 1) or MyoD, represent
tissue-specific transcription factors. TAL1 is expressed in
early hematopoiesis and is essential for generation of the
erythroid and myeloid lineage (for a review, see reference
26). It also plays a key role in angiogenesis. After various
observations, TAL1 can be considered an essential factor of
a putative hemangioblast viewed as a precursor leading to
formation of both hematopoietic and endothelial cells. In
the lymphoid lineage, TAL1 expression is normally lost early
in the differentiation process. However, it is now well char-
acterized that its expression is maintained in many T-cell
acute lymphoblastic leukemia (T-ALL) cells, either due to
chromosomal rearrangement, commonly placing the TAL1
gene under control of the SIL promoter (1, 30), or due to
epigenetic activation (13).

Like most tissue-specific bHLH factors, TAL1 binds to
E-box motifs as an heterodimer with E proteins, and it can
nucleate various protein complexes which can be either ac-
tivating or inhibitory (37). TAL1 binds the LIM-only pro-
teins LMO1 and LMO2 (43), and the LMO–TAL1–E-pro-
tein complex can associate with GATA factors, leading to
transcription activation (23, 36, 43). In these multiprotein
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complexes TAL1 can establish functional interactions with
various transcription factors, including Sp1. TAL1 has also
been shown to interact with the p300 coactivator through its
basic domain (18). In the case of repression, TAL1 interacts
through the same domain with mSin3A (17). Using mouse
models, O’Neil et al. have shown that TAL1 induces leuke-
mia by repressing E47/HEB activity and that this effect
involves recruitment of the mSin3A/HDAC1 corepressor
complex (35).

HTLV-1 Tax has been shown to downregulate bHLH-me-
diated transcription by inhibiting recruitment of p300/CBP co-
activators with which it interacts (40). Wencker et al. recently
reported that Tax suppresses the E47-mediated activation of
the pT� promoter in immature thymocytes by the same mech-
anism (45). Considering the effect of Tax on bHLH factors, we
further wondered whether it could act on TAL1, which is a key
factor in T-cell leukemogenesis. Here we provide evidence that
HTLV-1 Tax is able to transactivate the TAL1 gene promoter
1b through both NF-�B and CREB binding sites. Moreover,
TAL1 activation upregulates the activity of the HTLV-1 pro-
moter by hindering a negative effect of E47.

MATERIALS AND METHODS

Constructs. pSGF-TAL1 was generated by amplifying with appropriate prim-
ers the TAL1-coding sequence from a plasmid including the complete human
TAL1 open reading frame, kindly provided by D. Mathieu. The PCR product
was inserted in the BamHI restriction site of the pSGF vector, which is a pSG5
derivative including the FLAG epitope (12).

Based on the published sequence (GenBank accession no. NM_003189),
the TAL1 promoter 1b was cloned from Jurkat genomic DNA using Pfu
polymerase with appropriate primers. The purified PCR product was inserted
into pGL3-Basic vector (Promega) to obtain pGL3-TAL1b. Mutations in the
Sp1 and Ets binding sites were introduced using a site-directed mutagenesis
kit (Clontech) and primers 5�-CGCCGCCCCACGCGCCTCGGAGAC-3�
and 5�-TCTCTTCCGAGCTCCCCCCTTTTCCTTA-3�, respectively. pCMV-
Flag-E47 was kindly provided by C. Gallego (29). pSG5-Tax and pSG-Tat
have been described previously (9, 44). The HTLV1-LTR-luc was kindly
provided by A. Rabson (27). pJFE-Tax WT, M22, M47, and K88A were
previously described (45). Plasmid pSUPER-TAL1 was generated by anneal-
ing the oligonucleotides 5�-GATCCCCGAAGCTCAGCAAGAATGAGCTC
TTCCTCCTCATTCTTGCTGAGCTTCTTTTT-3� and 5�-AGCTAAAAAG
AAGCTCAGCAAGAATGAGGAGGAAGAGCTCATTCTTGCTGAGCT
TCGGG-3� and inserting the resulting DNA fragment between the BglII and
HindIII restriction sites of pSUPER (6).

Cell culture, transfection, and infection. Jurkat cells were cultured in RPMI
1640 medium with 10% fetal calf serum (FCS) (Sigma), 100 units/ml penicillin,
and 100 �g/ml streptomycin (Gibco) at 37°C in a 5% CO2 humidified atmo-
sphere. HeLa and 293T cells were cultured in Dulbecco’s modified Eagle me-
dium with 10% FCS (Gibco), 100 units/ml penicillin, and 100 �g/ml streptomycin

FIG. 1. Induction of TAL1 synthesis by HTLV-1 Tax. (A) Expres-
sion of Tax in Jurkat cells increases TAL1 mRNA. Jurkat cells were
infected with 1 � 108 particles of SFV-Tax or the control SFV-GST.
Total RNAs were prepared at 24 h postinfection, and TAL1 mRNA
was analyzed by real-time qRT-PCR. Quantification was performed
with respect to RNA from uninfected Jurkat cells. Means of three
measurements are shown with standard deviations. (B) Tax expression
in Jurkat cells increases TAL1 protein level. At 24 h after infection
with SFV-Tax (lane 1) or SFV-GST (lane 2), cell extracts were ana-
lyzed by immunoblotting (IB) using antibodies to TAL1 (top panel), to
Tax (middle panel), or to �-actin (bottom panel). (C) Specificity of
TAL1 induction by Tax. Jurkat cells were infected with 1 � 108 par-
ticles of SFV-Tax. Total RNAs were prepared at 24 h postinfection
and analyzed by real-time qRT-PCR for expression of various genes as

indicated. Quantification was performed with respect to RNA from
uninfected Jurkat cells. Means of three measurements are shown with
standard deviations. (D) Induction of TAL1 mRNA in Tax-expressing
human immature thymocytes. Human immature thymocytes were iso-
lated and nucleofected with a pCMV-GFP control vector or a pCMV-
TaxGFP vector. After 24 h of incubation with interleukin-7 and stem
cell factor, the GFP-positive cells were sorted from both cultures, and
total RNA were isolated and reverse transcribed. cDNA samples from
GFP cells and from TaxGFP cells were subjected to qPCR using
primers specific for TAL1 and �-actin. The induction of TAL1 mRNA
expression is expressed relative to �-actin expression. (E and F) Anal-
ysis of pT� (E) and SET (F) mRNAs in Tax-expressing thymocytes.
These mRNA were used as internal controls for the experiment on
human immature thymocytes.
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at 37°C in a 5% CO2 humidified atmosphere. Immature thymocytes were cul-
tured in �-minimal essential medium with 20% FCS, 10 �g/ml of interleukin-7,
and 10 �g/ml of stem cell factor. For transfection, the FCS concentration was
reduced to 5%. Expression vectors were transfected using the calcium phosphate
precipitation method as previously described (9). Jurkat cells were transfected
using the Nucleofector kit (Amaxa). Cellular extracts were normalized with
respect to protein concentrations, which were quantified with the DC protein
assay kit (Bio-Rad). Infection of Jurkat cells with the Semliki forest virus (SFV)-
glutathione S-transferase (GST) and SFV-Tax recombinant viruses was per-
formed as previously described (4).

Transfection of immature human thymocytes. cDNA from Tax-expressing
immature thymocytes was obtained and analyzed as described previously (45).
Briefly, total thymocytes were extracted from thymus fragments removed during
cardiac surgery of patients aged 1 week to 2 years. Immature thymocytes were
isolated using magnetic separation (StemCell Technologies Inc., Vancouver,
British Columbia, Canada) based on the expression of CD3, CD8, and CD4
markers. The population obtained is composed mostly of CD4ISP cells (namely,
CD3�, CD34�/�, CD4�, and CD8�). Cells were transfected with either a cyto-
megalovirus (CMV)-Tax-green fluorescent protein (GFP)- or a CMV-GFP-ex-
pressing vector, and GFP positive cells were sorted from both cultures using a
FACSVantage (Becton Dickinson). Total RNA was extracted from thymocytes
using TRIzol reagent (Invitrogen) according to the manufacturer’s instructions,
reverse transcribed, and used as template for quantitative reverse transcription
PCR (qRT-PCR) analyses.

Luciferase assays. HeLa and 293T cells (1.4 � 105 cells) were transfected with
900 ng to 1.5 �g of firefly luciferase constructs (HTLV-1-LTR promoter and
promoter 1b of TAL1) and 15 ng of thymidine kinase Renilla luciferase (pRLTK)
by calcium phosphate precipitation. Reporter gene analysis was performed 48 h
after transfection by using a dual-luciferase reporter assay system (Promega).
The luciferase activity associated with each construct was normalized on the basis
of pRLTK activity. The values presented correspond to the means from three
independent points of transfection (with standard deviations) from one repre-
sentative experiment (out of three experiments).

Immunoblotting. After separation by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis, proteins were transferred to polyvinylidene difluoride mem-
branes (Amersham Biosciences). For immunoblotting, primary antibodies were
diluted 1:1,000 or as indicated by the manufacturer, and detection was performed
by chemiluminescence using ECL or ECL� kits.

Monoclonal antibody against TAL1 (3BTL73) was kindly provided by D.
Mathieu (39). Antibody against HTLV-1 Tax was obtained from the AIDS
Research and Reference Reagent program catalogue. The following antibodies
were purchased: FLAG (clone M2; Sigma), �-actin (Sigma), and hemagglutinin
(clone 12CA5; Roche).

Real-time qRT-PCR. Total RNAs were extracted from frozen cells using the
RNeasy minikit (Qiagen). One step RT-PCRs were performed using the Quanti-
Tect Sybr green RT-PCR kit (Qiagen) and the LightCycler apparatus (Roche).
The sequences of sense and antisense primers (designed using the Primer3
software) used for quantitative PCR are described in Fig. S3 in the supplemental
material.

RESULTS

Activation of TAL1 expression by Tax. To test whether the
Tax transactivator acts on TAL1 expression, Jurkat cells were
infected with an SFV producing the viral oncoprotein. Previ-
ous studies have established that this system allows rapid and
efficient production of Tax, as shown here by immunoblot
analysis (5) (Fig. 1B, middle panel). As control, Jurkat cells
were infected with a GST-producing SFV. Quantification of
the TAL1 mRNA by qRT-PCR showed that Tax production is
associated with a twofold increase in the amount of TAL1
mRNA (Fig. 1A). Immunoblot analysis of extracts of these
cells showed that when Tax is expressed, the amount of TAL1
protein is clearly increased (Fig. 1B, upper panel). This in-
crease appears stronger than that of the mRNA, likely due to
an amplification effect of translation. It was further checked
whether this effect is specific of TAL1 or not. To this end,
expression of various genes was tested by qRT-PCR using the
RNAs of SFV-infected cells. Among the eight tested genes,

only TAL1 was clearly activated, and Id2 was activated to a
lesser extent (Fig. 1C). Another bHLH transcription factor,
E47, was insensitive to Tax expression (Fig. 1C). This indicates
that the effect on TAL1 was specific and did not result from a

FIG. 2. Transactivation of the TAL1 promoter by HTLV-1 Tax.
(A) Schematic representation of TAL1 promoters 1a and 1b. The Sp1 and
Ets binding sites of promoter 1b are shown. (B) Specific induction of TAL1
promoter 1b by Tax. Jurkat cells were infected with 1 � 108 particles. Total
RNAs were prepared at 24 h postinfection, and TAL1 mRNA generated
from promoter 1a or 1b was analyzed by real-time qRT-PCR. Quantification
was performed with respect to RNA from uninfected Jurkat cells, and means
of three measurements are shown with standard deviations. (C) Dose-depen-
dent induction of TAL1b promoter by Tax. HeLa cells were transfected with
1.5 �g of pGL3-TAL1b together with increasing amounts (100, 200, 300, 400,
500, and 600 ng) of pSG5-Tax (lanes 2 to 7) or pSG-Tat (300 and 600 ng)
(lanes 8 and 9) as a negative control. Luciferase activities were normalized
using TK-luc plasmid. As control for expression of Tax and Tat, cell extracts
were analyzed by immunoblotting (IB) using antibodies to Tax and Tat.
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general increase in transcription. We also tested whether this
activation can be seen in primary T cells. To this end, imma-
ture thymocytes (CD34�/�, CD4�, CD8�) were purified from
human thymic lobes and nucleofected with a vector encoding a
Tax-GFP fusion protein. Compared with expression of GFP
alone under similar conditions, the presence of Tax-GFP
raised expression of TAL1 by 60% (Fig. 1D). In agreement
with a previous study (45), the amount of pT� mRNA was
strongly reduced under similar conditions (Fig. 1E). Under the
same conditions, the amount of either the E47 mRNA (45) or
the SET mRNA (Fig. 1F) was not affected by Tax-GFP ex-
pression. These observations showed that Tax was able to
activate expression of TAL1 in T-cell lines and also in primary
thymocytes.

Tax activates promoter 1b of TAL1 through NF-�B and
CREB sites. It has been shown in mammals that transcrip-
tion of the TAL1 gene is driven by two promoters, 1a and 1b
(Fig. 2A). To determine which promoter is transactivated by
Tax, TAL1 mRNAs produced by both promoters were quan-
tified with specific primers. Using SFV-infected Jurkat cells,
we observed that endogenous promoter 1b was activated
twofold but that promoter 1a was insensitive to the Tax
transactivator (Fig. 2B). Accordingly, a reporter construct
with the luciferase gene under the control of the TAL1
promoter 1b is activated by Tax in a dose-dependent manner
(Fig. 2C, lanes 2 to 7), but is insensitive to the HIV-1 Tat
transactivator (Fig. 2C, lanes 8 and 9). These observations
clearly show that Tax can specifically activate promoter 1b
of the TAL1 gene. It has been shown that this promoter is
regulated by Ets and Sp1 transcription factors (25). It con-
tains one Sp1 binding site and two Ets binding sites, desig-
nated Ets-BS1 and Ets-BS2 starting from the distal part of
the promoter (Fig. 3A). Mutation of these three binding
sites (Sp1-BS, Ets-BS1, and Ets-BS2) reduced the activity of
the TAL1 promoter 1b driving expression of the luciferase
reporter gene (Fig. 3B). The most powerful effect was due to
mutation of Ets-BS1. However, when activation of these
various mutated constructs by Tax was tested, none of these
mutations markedly affected the Tax effect (Fig. 3C). This
indicates that Tax transactivation of the TAL1 promoter 1b
does not rely on Sp1 or Ets transcription factors. Bioinfor-
matics analysis of the promoter also revealed degenerate
NF-�B and CREB binding sites in the distal and proximal
parts of the promoter, respectively (Fig. 4A). In the absence
of the Tax transactivator, mutation of these sites in the

FIG. 3. Ets and Sp1 binding sites do not mediate TAL1 promoter
1b transactivation by Tax. (A) Schematic representation of the pGL3-

TAL1b promoter. Derivatives of this construct were generated with
mutation of the Sp1, Ets1, or Ets2 binding site. (B) Effect of Ets and
Sp1 binding site mutations on TAL1 promoter 1b activity. HeLa cells
were transfected with 1.5 �g of pGL3-TAL1b, either wild type (WT) or
with mutation of the Sp1, Ets1, or Ets2 binding site. Cell extracts were
prepared 48 h after transfection and used for luciferase activity mea-
surement. (C) Effect of Ets and Sp1 binding site mutations on TAL1
promoter 1b transactivation by Tax. The experiment was performed as
for panel B, except that the reporter constructs were cotransfected
with 300 ng of either pSG5 or pSG-Tax. The graph represents the fold
induction by Tax for each construct. Tax expression was monitored by
immunoblotting for points including pSG-Tax (panel below the graph).
Error bars standard deviations.
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TAL1 promoter 1b showed that they both contribute to the
activity, especially the proximal CREB binding site (Fig.
4B). In agreement with a regulation by CREB, treatment of
cells with forskolin, which activates this transcription factor
via its effect on cyclic AMP, led to a stimulation of the TAL1
promoter 1b activity (Fig. 5B). Analysis of the mutated
constructs also showed that these sites contribute to Tax
transactivation. Mutation of the distal NF-�B binding site
had a clear effect (Fig. 4C), and that of the proximal CREB
motif led to a smaller drop in transactivation. Mutation of
both sites led an almost complete loss of the Tax effect on
the TAL1 promoter 1b (Fig. 4C). Interestingly, analysis of
the effect of TAL1 overexpression in HeLa cells stably trans-
formed with a episomic vector derived from Epstein-Barr
virus showed that this factor inhibits I�B-� expression. This
effect is likely to amplify NF-�B activation and hence TAL1
expression, thereby establishing a positive feedback loop
(see Fig. S1 in the supplemental material).

To confirm an effect of both CREB and NF-�B in Tax
transactivation of TAL1 promoter 1b, we tested the effect of
Tax mutants M22 and M47 (42). These mutants have been
characterized to be defective for the NF-�B and CREB
pathways, respectively. Both mutants, which were expressed
in similar amounts compared to the wild type as evaluated
by immunoblot analysis, were ineffective in fully stimulating
TAL1 promoter 1b (Fig. 5B). Moreover, the K88 mutant of
Tax, which impairs association with the CBP coactivator, is
less active for transactivation of the TAL1 promoter 1b than
the wild type at equal intracellular concentrations (Fig. 5D).
This mutation did not lead to a complete loss of activation
by Tax, as is the case for the HTLV-1 promoter (Fig. 5C),
likely because it affects only CREB activity and not the
effect of Tax on the NF-�B pathway. Collectively, these data
establish that Tax transactivates the TAL1 promoter 1b via
degenerate NF-�B and CREB binding sites but not via the
Sp1 and Ets motifs.

TAL1 activates both constitutive and Tax-induced activity of
the HTLV-1 promoter. It has been previously shown that the
bovine leukemia virus promoter was repressed by bHLH fac-
tors such as E47 (6). Considering the possibility that the
HTLV-1 promoter might also be regulated by bHLH factors,
we examined whether TAL1 modifies its activity. A reporter
construct including the HTLV-1 LTR upstream of the lucif-
erase-coding sequence was cotransfected with increasing
amounts of a TAL1 expression vector in the absence and
presence of Tax coexpression. Under both conditions, the in-
crease in the expression of TAL1 was able to increase the
activity of the promoter up to approximately 60% (Fig. 6A and
B). In similar experiments performed with promoters re-
pressed by TAL1, a clear reduction in transcriptional activity
was observed, showing the specificity of the HTLV-1 promoter
response (data not shown). As TAL1 has been reported to
interact with HDAC1, we checked whether it might alleviate a
potential negative effect of this histone deacetylase on the
HTLV-1 promoter. HDAC1 was indeed able to inhibit the
HTLV-1 promoter activity, but this effect was not modified by
coexpression of TAL1 (see Fig. S2 in the supplemental mate-
rial). To understand further this effect of TAL1, we examined
whether it relates to reversion of a negative effect of bHLH
factors such as E47. Overexpression of this factor indeed

FIG. 4. Characterization of NF-�B and CREB binding sites in
TAL1 promoter 1b. (A) Schematic representation of TAL1 promoter
1b, showing positions of the putative NF-�B and CREB binding sites.
Boxes depict the exact sequences of these sites with respect to the
NF-�B and CREB consensus. For CREB the sequence of the mutated
site is also given. (B) Effect of putative NF-�B and CREB binding sites
on TAL1 promoter 1b activity. The experiment was performed as
described for Fig. 3B by transfecting HeLa cells with pGL3-TAL1b,
with wild type (WT), deleted of the putative NF-�B binding site,
mutated in the CREB binding site, or bearing modifications of both
sites. (C) Effect of putative NF-�B and CREB binding sites on TAL1
promoter 1b transactivation by Tax. The experiment was performed as
for panel B with or without cotransfection with 300 ng of pSG-Tax. The
graph represents the fold induction by Tax for each construct. Error
bars indicate standard deviations.
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caused a strong inhibition of the activity of the HTLV-1 pro-
moter in both the presence (Fig. 7A, lanes 2 to 7) and the
absence (Fig. 7B, compare lanes 1 and 2) of Tax. TAL1 coun-
teracted this inhibitory effect of E47 in a dose-dependent man-
ner (Fig. 7B, lanes 3 to 5). This also occurred when Tax was
coexpressed (Fig. 7C, compare lanes 2 and 3). Immunoblot
analyses of the protein levels showed that this effect was not
related to a decrease in the amount of E47. These observations
shows that E47 has a negative effect on the expression of the
HTLV-1 promoter which is reversed by TAL1.

Following these transient-expression experiments, we sought
to confirm that TAL1 can indeed regulate the HTLV-1 pro-
moter at the endogenous level. To this end we used a short
hairpin RNA (shRNA) developed in the laboratory which ef-
ficiently lowers the amount of TAL1 (Fig. 8B). Analysis of the
HTLV-1 promoter in Jurkat cells cotransfected with a vector
expressing this shRNA showed that suppression of TAL1 in-
deed caused a decrease in its activity (Fig. 8A). By contrast, if
the HTLV-1 reporter construct was cotransfected with a TAL1
expression vector, the activity was increased, similarly to what
was observed previously in other cells (Fig. 8C). Collectively
these results show that TAL1 is a physiologic regulator of the
HTLV-1 promoter and support the notion of a positive feed-
back loop where Tax activates TAL1, which in turn acts posi-
tively on HTLV-1 transcription (Fig. 9).

DISCUSSION

Activation of TAL1 expression by Tax. Most T-ALL cells
exhibit TAL1 overexpression (13). This has been shown to
result either from a (1;14)(p34;q11) chromosomal transloca-
tion, which causes juxtaposition of the TAL1 gene with se-
quences of the T-cell receptor �/	 chain locus, or from up-
stream sequence deletion, an event known as the Tald
recombination (3). However, such DNA rearrangements have
been characterized in only a fraction of T-ALL cells with in-
creased TAL1 expression. Hence, it is likely that modification
of transcriptional regulatory pathways or epigenetic events can
also lead to TAL1 overexpression in these hematological ma-
lignancies. In this report we show that this event can be driven
by a viral transactivator: the HTLV-1 Tax protein. Tax expres-

FIG. 5. Contribution of both CREB and NF-�B to Tax transacti-
vation of TAL1 promoter 1b. (A) Forskolin treatment activates TAL1
promoter 1b. HeLa cells were transfected with 1.5 �g of pGL3-TAL1b
and either mock treated or treated for 1 h with 20 �M forskolin, and
luciferase activity was measured. Use of equal amounts of extract was
monitored by immunoblotting (IB) with an antibody to �-actin. (B) Ef-
fect of Tax M22 and M47 mutants. Cells were transfected with 1.5 �g
of pGL3-TAL1b and 300 ng of vectors expressing Tax or its M22 and
M47 mutants. The amount of Tax was monitored by immunoblotting
using an antibody directed against Tax, and luciferase activity was
determined. (C) Loss of induction of HTLV1-LTR promoter transac-
tivation by the Tax K88A mutant. HeLa cells were transfected with 1.5
�g of HTLV1-LTR-luc vector together with 300 ng of pJFE-Tax, wild
type (WT) or including a K88A mutation. Cell extracts were prepared
48 h after transfection, and an aliquot of each extract was used for
either luciferase activity measurement or immunoblot analysis using an
antibody to Tax. (D) The experiment was performed as for panel C,
except that the reporter construct was pGL3-TAL1b. Error bars indi-
cate standard deviations.
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sion can indeed increase the amount of TAL1 mRNA in a
T-lymphocyte cell line. Accordingly, TAL1 expression is ob-
served in all tested cell lines derived from HTLV-1-infected
lymphocytes which express Tax and also in cellular clones
isolated from HTLV-1-infected patients (J.-M. Terme, unpub-

lished data). Finally, Tax activates reporter constructs includ-
ing the promoter of the TAL1 gene. It has been shown in both
mice and humans that transcription of the gene is driven by
two promoters, 1a and 1b. Our data show that the Tax effect is
specific for promoter 1b, which includes binding sites for the
ETS and Sp1 transcription factors. Although these motifs
clearly participate in the activity of the promoter, as shown by
the negative effect of their mutation, they do not mediate the
Tax effect. In fact, activation by Tax relies on NF-�B and
CREB binding sites. The former appears to contribute the
most clearly to Tax activation, but its complete loss requires
the proximal CREB degenerate binding site. Tax is known to
act on many cellular genes. Our data shows that TAL1 has to
be added to this list. As TAL1 expression appears to be a key
event in T-cell leukemogenesis, this effect might contribute
importantly in the generation of ATL. Our observations also
indicate that NF-�B can drive expression of TAL1. This might
be important in ALL with TAL1 overexpression without gene
rearrangement.

TAL1 modulates transcription of the HTLV-1 provirus.
TAL1 is known to repress or to activate other genes (37).
Hence, we analyzed whether TAL1 overexpression can modify
transcription driven by the HTLV-1 promoter. It was observed
that E2A bHLH protein E47 acts as a strong repressor of
HTLV-1 promoter activity, both in the absence and the pres-
ence of Tax. A bioinformatics analysis indicates a putative E
box in the promoter 28 bp upstream of the TATA box. It is
possible that E47, by binding to this site, impedes recruitment
of p300 at the CREB binding sites within the repeated up-
stream 21-bp Tax-responsive elements. Such a competition
could act negatively on the promoter activity. TAL1 can re-
verse this negative effect of E47 on both the constitutive and
Tax-induced activities of the HTLV-1 promoter. This could be
the consequence of an impaired ability of the E47-TAL1 com-
plex to recruit p300, resulting in the full availability of the
coactivator to act in combination with CREB and Tax to in-
duce viral transcription. It has been reported that in bovine
leukemia virus, an E box overlaps the CREB binding sites and
acts negatively on promoter activity by competition with CREB
(7). In the HTLV-1 promoter no E box is clearly apparent in
the three 21-bp elements, but such a model remains possible
and would require functional testing. Whatever the molecular
details, our data show that TAL1 is able to counteract the
negative effect of E47 on the HTLV-1 promoter and hence acts
as a positive regulator of it. Moreover, we show that this
activity is exerted by the endogenous TAL1 in Jurkat cells.
These activities indicate the existence of a positive feedback
loop between HTLV-1 and the TAL1 gene via the Tax trans-
activator. These interleaved effects of Tax on TAL1 promoter
1b and of TAL1 on the HTLV-1 promoter stimulate expres-
sion of both factors in T lymphocytes. This also suggests that
HTLV-1 replication might be favored in early cells of the T
lineage which expresses TAL1. It is also interesting to consider
this point in light of newborns infection that occurs by natural
breast-feeding. Cells expressing TAL1 are likely to be good
hosts for viral replication.

Contribution of TAL1 to ATL. In line with this effect, it is
possible that the Tax TAL1 cross talk plays a role in transfor-
mation. The increase in TAL1 expression could drive cell
transformation additively to the pleiotropic effects of Tax.

FIG. 6. Effect of TAL1 on the HTLV-1 promoter. (A) Effect of
TAL1 on constitutive HTLV-1 promoter activity. 293T cells were
transfected with 1.5 �g of pHTLV-LTR with increasing amounts (75,
150, and 300 ng) (lanes 2 to 4) of pSG5-FLAG-TAL. Luciferase ac-
tivities were normalized with TK-luc activities. Cell extracts were pre-
pared 48 h after transfection, and an aliquot of each extract was used
for either luciferase activity measurement (graph) or immunoblot (IB)
analysis using an antibody to TAL1 (bottom panel). (B) Effect of
TAL1 on LTR transactivation by Tax. The experiment was performed
as for panel A except that 300 ng of pSG-Tax was cotransfected. The
immunoblot analysis of the extracts (bottom panel) was performed
with a mix of antibodies directed against Tax and TAL1. Error bars
indicate standard deviations.
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Moreover, it is known that in vivo after the early phase of
infection, Tax expression is repressed in vivo, likely as a con-
sequence of immune surveillance. It is possible that TAL1
induction persists after initial Tax activation, maintaining cells

FIG. 7. TAL1 reverses inhibition of HTLV-1 promoter activity by
E47. (A) E47 dose-dependent inhibition of HTLV-1 promoter trans-
activation by Tax. 293T cells were transfected with 1.5 �g of pHTLV-
LTR together with 300 ng of pSG5-Tax and increasing amounts of
pCMV-Flag-E47 (25, 50, 75, 100, 200, and 300 ng) (lanes 2 to 7). Cell
extracts were prepared 48 h after transfection, and an aliquot of each
extract was used for either luciferase activity measurement (graph) or

immunoblot analysis using an antibody to E47 (bottom panel). Lucif-
erase activities were normalized with TK-luc activities. (B) Inhibition
of constitutive HTLV-1 promoter activity by E47 and reversion by
TAL1. 293T cells were transfected with 1.5 �g of pHTLV-LTR, with-
out (lane 1) or with (lanes 2 to 5) 300 ng of pCMV-Flag-E47 and
increasing amounts (75, 150, and 300 ng) (lanes 3 to 5) of pSG5-Flag-
TAL. Results are depicted as for panel A, except that immunoblot
analysis was performed with a mix of antibodies directed against E47
and TAL1. (C) TAL1 reverses the repressive effect of E47 also in the
presence of Tax. 293T cells were transfected with 1.5 �g of pHTLV-
LTR and 300 ng of pSG5-Tax, without (lane 1) or with (lanes 2 and 3)
50 ng of pCMV-FLAG-E47 and without (lanes 1 and 2) or with (lane
3) 300 ng of pSG5-FLAG-TAL. Results are depicted as for panel A,
except that immunoblot analysis was performed with an antibody to
E47, along with a mix of antibodies directed against TAL1 and Tax.
Error bars indicate standard deviations.

FIG. 8. Suppression of endogenous TAL1 reduces HTLV-1 promoter
activity. (A) Jurkat cells were transfected with 3 �g of pHTLV-LTR and 2 �g
of either pSUPER-HSP (an shRNA targeting HSPC021 as a control) or
pSUPER-TAL1. At 24 h after transfection, the luciferase activity was mea-
sured. (B) Efficiency of the shRNA directed against TAL1. Cells were trans-
fected with pSG5-FLAG-TAL and either pSUPER-HSP or pSUPER-
TAL1. Protein extracts of these cells were analyzed by immunoblotting (IB)
using antibodies to FLAG (top panel) or �-actin (bottom panel). (C) The
experiment was performed as for panel A, except that pHTLV-LTR was
cotransfected with either pCMV or pCMV-TAL1 instead of pSUPER de-
rivatives. Error bars indicate standard deviations.
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in an intermediately differentiated state favoring their trans-
formation. TAL1 affects important genes for the control of cell
proliferation or apoptosis. Along this line, we have observed in
this work that I�B-� expression is decreased by TAL1. Simi-
larly, Chang et al. have shown that TAL1 represses transcrip-
tion of the NF-�B1 gene, thereby decreasing the amount of
p50 and favoring the p65 � cRel dimer, leading to elevated
NF-�B activity (10). Thus, TAL1 acts on multiple components
of the NF-�B pathway to cause an elevated constitutive NF-�B
activity in the cell, with a consequent protective activity on
apoptosis. Another interesting point is the role of TAL1 in
endothelial cells. Deleuze et al. and Lazrak et al. have shown
that TAL1 modulates angiogenesis and that its ectopic expres-
sion enhances vascularization (11, 24). As Tax can be secreted
by infected lymphocytes, it is possible that Tax locally stimu-
lates angiogenesis by acting on TAL1. Such an effect might
participate in infiltration of infected lymphocytes through
blood vessels.

In conclusion our data show that TAL1 expression is stim-
ulated by the HTLV-1 Tax transactivator and hence might be
an important mediator of the T-cell transformation resulting
from viral infection. Consequently, inhibition of the TAL1
activity might be interesting from a therapeutic perspective for
many T-ALL cases but also for ATL.
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