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Here we describe the first real-time study of nuclear
protein interaction with a composite DNA regulatory
region. We studied the interplay between the three
target sites of the negative regulatory element (NRE)
of HIV-1 LTR, comprising a noncanonical GATA site
overlapping two negative regulatory regions, USF and
NFIL-6, and their corresponding transcription factors
in nuclear extracts. By bandshift analysis, no GATA
binding activity could be detected between LTR NRE
and different nuclear extracts, although evidenced by
in vitro footprinting. Additionally, the LTR NRE and a
USF oligonucleotide showed identical retarded com-
plexes. BlAcore study of these interactions revealed
the binding of huGATA-3, as well as USF, to the immo-
bilized LTR NRE oligonucleotide. Competition analy-
ses, performed with GATA, USF, and NFIL-6 oligonu-
cleotides, clearly showed that this regulatory region
could bind both huGATA-3 and USF factors. Finally,
the presence of USF and huGATA-3 proteins in the
complexes formed with LTR NRE was ascertained us-
ing specific anti-huGATA-3 and anti-USF2 polyclonal

antibodies. © 1999 Academic Press

The 5’ long terminal repeat (LTR), and in particular
the U3 region of the HIV-1 provirus, has been shown to
play a major role in HIV-1 gene expression and thus in
the virus cycle (1). Indeed, HIV-1 gene expression is
controlled by multiple cellular transcription factors (2).
In the LTR, as for any eukaryotic promoter, the organi-
sation of target sequences and their capacity to inter-
act with various transcription factors may be crucial in
the regulation of HIV transcription. In the LTR, a
negative regulatory element (NRE) is able to down-
regulate the HIV transcription (3-5). In this NRE re-
gion, a binding site for the human nuclear protein
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called USF (6), MLTF (7) or UEF (8) has been shown to
play a negative role in transcription (9) both in the
presence or absence of Tat transactivation. USF is a
dimer-forming family of transcription factors charac-
terized by a highly conserved basic-helix-loop-helix-
leucine zipper (bHLH-zip) DNA-binding domain. Two
different USF proteins, termed USF1 (44 kDa) and
USF2 (43 kDa), are ubiquitously expressed in both
humans and mice. A binding site for NFIL-6 (10, 11)
has also been described in the NRE region (12). This
transcription factor, belonging to the CCAAT/enhancer
binding protein (C/EBP) family (13) as well as C/EBPS
(14) or CRP2 (13) was shown to play a dual (positive/
negative) role in HIV transcription in T-cells (12). In-
deed, the same RNA messenger was able to encode, by
alternative initiation of translation, three forms of pro-
tein (two activators and one inhibitor), described as
LIP/LAP proteins (liver inhibitor/activator protein)
(15, 16). Finally, huGATA-3 (17-21) regulatory ele-
ments have also been described in the LTR of HIV-1.
Indeed, Yang and collaborators (22) have reported that
the six huGATA-3 binding sites were able to enhance
transcription and that it was dependent on the
huGATA-3 transcription transactivation domain. One
of these sites (site 2), a non-canonical huGATAS target
site is located in the overlapping region of USF and
NFIL-6 binding sites (see Fig. 1A).

The DNA region LTR NRE which comprises poten-
tial binding sites for three nuclear factors, NFIL-6,
USF and huGATA-3, was used as a model to study the
interactions between multiple factors and a complex
regulatory region. The interactions of these different
factors with LTR NRE DNA composite region were
investigated using two technical approaches: electro-
phoretic mobility shift assays (EMSA) and surface
plasmon resonance (SPR). The SPR approach, which
reveals interactions under real-time conditions,
showed that both USF and GATA-3 are able to bind
LTR NRE whereas the EMSA approach only detected a

USF/LTR NRE interaction.
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MATERIALS AND METHODS

Oligonucleotides and antibodies. The LTR NRE oligonucleotide
was synthesized and biotinylated at its 5’ end by Genosys (Cam-
bridge, UK). It was annealed with the antisense DNA strand and
then immobilized on the streptavidin-coated sensor chip, for BIAcore
assays. USF, NFIL-6, 6E4 and site 3 (mutated or not) oligonucleo-
tides were also synthesized (Gibco BRL Life Technologies, Eragny,
France) for SPR competitive analyses and EMSA studies. Oligonu-
cleotides are described in Fig. 1B. Anti-USF2 polyclonal antibodies
(Santa cruz, Santa Cruz, California, USA), anti-HIV-1 Vpr poly-
clonal antibodies (NAIDS) and anti-huGATA-3 monoclonal antibody
(MADb31, see (23), gift of P. H. Roméo), were used in upshift assays.
Anti-USF2, anti-rat C/EBPS, anti-human NFIL-6, anti-fra 1, anti-c
jun and anti-STAT3 polyclonal antibodies (Santa Cruz, Santa Cruz,
California, USA), and anti-GST (Sigma, L'lsle d’Abeau Chesnes,
France) and anti-huGATA-3 (gift of P. H. Roméo, see 23) polyclonal
antibodies were used for SPR immunocharacterization.

Preparation of nuclear extracts. CEM T-cells either uninfected
(A3.01; 24) or chronically infected with HIV-1,,, (8E5; 25), were
maintained in RPMI medium with glutamax (Gibco BRL Life Tech-
nologies) with 10% fetal calf serum, penicillin (100 U/ml) and strep-
tomycin (100 pg/ml). Cells were activated with 50 nM phorbol my-
ristate acetate (PMA, Sigma Chemical, L'isle d’Abeau Quesnes,
France) and 500 nM ionomycin D (Sigma) and aliquots of 2 X 10°
cells were frozen 6 h after activation. The cells were thawed and
lysed with two volumes of buffer I (10 mM Tris-HCI pH 7.8, 2 mM
MgCl2, 10 mM KCI, 0.1 mM EGTA, 10% sucrose, 20% glycerol, 0.4
mM PMSF, 0.5 mM DTT, 0.02% NP40 and 1 ug/ml antipain, apro-
tinin, chymostatin ABC, pepstatin A and leupeptin), and nuclei were
collected by centrifugation at 8,000 rpm (in an Eppendorf centrifuge)
for 80 s at 4°C. Lysis of the nuclei was carried out with one volume
of buffer Il (20 mM Tris-HCI pH 7.8, 2 mM MgCl2, 300 mM KClI, 0.2
mM EGTA, 25% glycerol, 0.2 mM PMSF, 0.5 mM DTT and 1 pg/ml
antipain and aprotinin) for 30 min at 4°C. After centrifugation at
17,000 g for 30 min at 4°C, the extracts were dialysed, using a
Millipore (Saint-Quentin-en-Yvelines, France) dialysis membrane
(VS type), against dialysis buffer (20 mM Tris-HCI pH 7.8, 100 mM
KCI, 0.5 mM EDTA, 20% glycerol, 0.2 mM PMSF, 0.5 mM DTT and
1 wg/ml aprotinin), and stored at —80°C. Protein concentration was
measured with the “BCA Protein Assay Reagent” kit (Pierce, Rock-
ford, USA).

Electrophoretic mobility shift assays (EMSA). The binding sites
for USF, huGATA-3 and NFIL-6 proteins were created by annealing
sense and anti-sense oligonucleotides. **P end-labelled (y-ATP, Am-
ersham) ds oligonucleotide (30,000 cpm) was incubated with 2 pg
nuclear extract and 200 pg/ml poly(dl-dC)-poly(dl-dC) 600 bp (Phar-
macia Biotech, Saclay, France) in binding buffer (10 mM HEPES pH
7.4,1.5 mM DTT, 150 mM NacCl, 1.6 mM EDTA, 4 mM spermidine,
5% glycerol, 0.5 mM ZnClI2) in a final volume of 11 ul, before loading
on a 0.25 X Tris-borate EDTA native polyacrylamide gel (6%). For
the super shift assays, the antibodies were pre-incubated with the
proteins (under the conditions stated above) before adding the la-
belled probe. For competition experiments, the oligonucleotide com-
petitors (50 fold excess) were also pre-incubated with the nuclear
extract before adding the labelled probe.

Surface plasmon resonance (SPR): BlAcore (BIACORE AB, Saint-
Quentin-en-Yvelines, France). The biotinylated (ds) oligonucleotide
(LTR NRE) was immobilized on a streptavidin-coated sensor chip
(600 RU). The running buffer (10 mM Hepes, 1.5 mM DTT, 150 mM
NaCl, 1.6 mM EDTA, 0.5 mM ZnCl2) was applied at a flow rate of 10
wpl/min. Proteins were injected in reaction buffer (10 mM Hepes, 1.5
mM DTT, 150 mM NacCl, 1.6 mM EDTA, 4 mM spermidine, 0.5 mM
ZnClI2, 50 pg/ml poly (dIdC)/poly (dIdC), 1 mg/ml CM dextran, 2%
horse serum). At the end of each cycle, the sensor chip was regener-
ated by injecting 6 wl running buffer plus 0.05% SDS. The binding
response was determined by measurement of resonance units at
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USF GGTGTAGGCC ACGTGACCGG GTGT Adenovirus
NFIL-6 GGACGTCACA TTGCACAATC TTAATAA hull-6
sitel AGTACTTCAA GAACTGCTGA TATCGAGCTT HIV-1 LTR
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CE4 TAATGCTAGA GTTATCACTT TCTGTTATCA AGTCG | human TcR-&
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FIG. 1. (A) LTR NRE and transcription factor target sites. The

noncanonical GATA site (shaded box) is located within the overlap-
ping region of two regulatory elements: NFIL-6 and USF. The bHLH
motif of the USF site is represented in bold letters. (B) Oligonucle-
otides used in EMSA and BlAcore assays. The GATA site 3, USF,
and NFIL-6 used as prototype target sites for the three correspond-
ing factors as well as GATA site 1, LTR NRE (site 2), mutant site 3*,
and 8E4 (GATA tandem). Mutated nucleotides of site 3* are indi-
cated in lowercase and binding sites are in bold letters.

200 s after injection. Prior to numerical analysis, data were adjusted
to zero baseline level by subtracting the response recorded immedi-
ately before the injection of analyte. For competition analyses, 6 ug
(in 30 wl) of nuclear extracts (A3.01 or 8E5) were injected alone or
with several competitors (2.5 uM): LTR GATA sites 1 and 3 (mutated
or not), LTR NRE, 8E4, NFIL-6 and USF oligonucleotides (see Fig.
1B). For antibody experiments, first the nuclear extract was injected
to allow formation of the nucleoproteic complex, and then 30 ul (0.3
ng) of the various antibodies were injected to identify the proteins
retained in the complexes.

RESULTS AND DISCUSSION

The technical approaches commonly used to study
DNA/transcription factor interactions are EMSA and
in vitro (and less frequently in vivo) footprinting anal-
yses. EMSA shows direct visualisation of the different
molecular complexes obtained with a regulatory region
comprising adjacent and overlapping sites, whereas
footprinting experiments, albeit laborious, may give
useful information, on the DNA sequences within a
promoter that interact with transcription factors. Nev-
ertheless, since the proteins that have interacted with
a complex DNA sequence are somehow difficult to iden-
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FIG. 2. EMSA determination of the level of expression of USF, huGATA-3, and NFIL-6 transcription factors in two different nuclear
extracts. Labelled USF, site 3 (to detect GATA-3 binding activity) and NFIL-6 oligonucleotides were incubated with either 8E5 t0 (HIV-1
infected) or A3.01 t6 (noninfected) nuclear extracts, prior to or 6 h postcellular activation, respectively. The specificity of the DNA/protein
complexes was verified using specific or irrelevant competitors and antibodies: LTR NRE, 8E4, and USF oligonucleotides and anti-USF2,
anti-GATA-3, and anti-NFIL-6 antibodies for USF; LTR NRE, site 3, and 8E4 oligonucleotides and anti-HIV-1 vpr and anti-huGATA-3
antibodies for site 3; LTR NRE and USF oligonucleotides and anti-human-NFIL-6 and anti-rat C/EBPf antibodies for NFIL-6. Arrows on the
left represent the DNA/factors complexes and on the right the supershift DNA complexes.

tify, we employed a SPR method for real-time dynamic specificity of DNA/protein interactions was verified af-
analysis of the factors interacting with a composite ter addition of relevant and irrelevant competitors and
DNA sequence. antibodies.

The oligonucleotides used for the study of transcrip-
tion factor interaction with LTR NRE regulatory ele- gnSA Only Reveals LTR NRE/USF Interaction
ments (Fig. 1A) are listed in Fig. 1B. We decided to
study, in real time, the interactions between the LTR As shown in Fig. 3, the profiles obtained with nuclear
NRE and these 3 transcriptional factors: USF, GATA-3 extracts of several CEM T-cell lines (here prior to ac-
and NFIL-6. For this purpose, we took advantage of the tivation: 8E5 t0) did not provide evidence for GATA-3
transcriptional factor diversity observed during T-cell binding to the LTR NRE DNA sequence. Indeed, for-
activation and HIV-1 infection. Among nuclear ex- mation of DNA/protein complexes with labelled LTR
tracts of several T-cell lines infected or not with HIV-1, NRE (Fig. 3A, lane 1) was not abrogated with any of
two extracts were selected (8E5 t0 and A3.01 t6) show- the GATA oligonucleotides used as competitors: i.e.
ing different levels of the three transcription factors as with LTR GATA site 1 (lane 2), site 3 (lane 4) or 6E4
determined by EMSA (Fig. 2) in the presence of three (lane 5). In addition, an anti-huGATA-3 monoclonal
prototype oligonucleotides (USF, site 3 for GATA-3and antibody (lane 10) did not later the complexes and do
NFIL-6; Fig. 1B). Figure 2 shows that the level of USF not reveal any upshift. Moreover, the EMSA profiles
and NFIL-6 factors varies in the 8E5 and A3.01 nu- obtained with labelled LTR NRE (Fig. 3A, lane 1) and
clear extracts: USF is higher in 8E5 t0 than in A3.01t6 labelled USF (Fig. 3B, lane 1) regulatory element (from
extract and NFIL-6 seems only expressed in 8E5 t0 Adenovirus late promoter) are very similar. Indeed,
extract. In contrast, the level of huGATA-3 is quite these DNA/protein complexes, observed with the two
similar in both extracts. For the three factors, the Ilabelled oligonucleotides, were totally abolished by
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FIG. 3. EMSA profiles of either LTR NRE or USF oligonucleotides
with 8E5 t0 nuclear extract. Labelled LTR NRE (A) or USF (B) oligo-
nucleotides were incubated with 2 ug of 8E5 t0 nuclear extract either
alone (lane 1) or with 50-fold excess of LTR GATA site 1 (lane 2), LTR
NRE (lane 3), site 3 (lane 4), 6E4 (lane 5), NFIL-6 (lane 6), USF (lane 7)
oligonucleotides as well as irrelevant anti-HIV-1 vpr protein (lane 8),
anti-USF2 protein (lane 9), anti-huGATA-3 monoclonal antibody (lane
10), and anti-human NFIL-6 polyclonal antibody (lane 11).

LTR NRE and USF oligonucleotides (lanes 3 and 7) as
well as partially inhibited by the anti-USF2 polyclonal
antibodies (both lanes 9), but were unaltered by an
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irrelevant anti-vpr polyclonal antibody (lanes 8). Fi-
nally, the protein complex formation of both labelled
LTR NRE and USF oligonucleotides (lanes 6) was par-
tially inhibited by the NFIL-6 oligonucleotide, used as
competitor although no alteration and no upshift was
observed with anti-NFIL-6 antibody (lanes 11). There-
fore, huGATA-3 does not appear to interact with LTR
NRE oligonucleotide under EMSA conditions.

An Interaction between LTR NRE and huGATA-3,
as Well as USF, Is Observed by SPR

EMSA profiles of LTR NRE and USF oligonucleo-
tides are very similar and no GATA-3/LTR NRE inter-
action was revealed by EMSA although previously re-
ported by in vitro footprinting (22). For SPR assays, the
biotinylated LTR NRE oligonucleotide was immobi-
lized (600 RU) onto a BlAcore streptavidin covered
sensor chip surface. Thirty microliters (6 ng) of each
nuclear extract were first injected alone on the LTR
NRE, immobilized on the sensor chip. The binding
observed 200 s after injection was higher with 8E5 t0
(236 RU), expressing higher level of factors, than that
observed with A3.01 t6 (186 RU, see Fig. 4).

After injection of nuclear extracts, the proteins in-
teracting with the oligonucleotide were recovered by
elution and subjected to SDS PAGE, Western-blotting
and EMSA, as we previously described (26). After bind-
ing to immobilized LTR NRE, neither USF nor
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FIG. 4. Sensorgram depicting in real-time the interaction of A3.01 t6 or 8E5 tO nuclear extract proteins on immobilized LTR NRE
oligonucleotide. Six micrograms (in 30 ul) of both nuclear extracts (A3.01 or 8E5) was injected at a flow rate of 10 pl/min onto immobilized

LTR NRE oligonucleotide (600 RU).
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FIG. 5. SPR assays with either A3.01 t6 or 8E5 tO nuclear extracts alone or in the presence of several oligonucleotides used as
competitors: single or in combination. Several GATA sites, LTR NRE (site 2), LTR GATA site 3, its mutated counterpart (site 3*) and 8E4
as well as NFIL-6 and USF oligonucleotides were used as competitor (2.5 uM) and injected alone or in combination with either A3.01 t6 or
8ES5 t0 (6 ng in 30 ul) onto the immobilized LTR NRE oligonucleotide (600 RU). The results are expressed as the percentages of inhibition
measured at 200 s of the binding without competitor (A3.01 t6: 186 RU; 8E5 t0: 236 RU of Fig. 4).

huGATA-3 could be detected in the eluted fractions.
SPR competition assays were therefore employed to
identify the protein(s) interacting with LTR NRE. The
two nuclear extracts were injected alone (Fig. 4) or
with specific competitors (2.5 uM). In Fig. 5, the results
are expressed, for both nuclear extracts, as an inhibi-
tion percentage of interaction observed without com-
petitor.

When the different GATA oligonucleotides were used
as single competitors, binding between the immobi-
lized LTR NRE and the factors present in the nuclear
extracts was inhibited by 7 to 42%. In contrast, site 3*
oligonucleotide, mutated in the GATA sequence (Fig.
1B), was unable to out compete the complex. These
results suggest that, under real-time conditions,
huGATA-3 probably interacts with the LTR NRE. Sur-
prisingly, with the A3.01 t6 extract, the most efficient
competitor was the canonical 6E4 oligonucleotide (30%
of inhibition), followed by site 3 (20%) and finally by
LTR NRE itself (7%). This result is in good agreement
with the higher level of huGATA-3 compared to that of
USF in this extract (USF being practically absent, Fig.
2). Moreover, the magnitude of inhibition appeared to
be correlated with the affinity of the GATA-3 transcrip-
tion factor for the different oligonucleotides; i.e. a

10

greater affinity for 6E4 than for site 3, which was in
turn greater than for LTR NRE (site 2) as determined
by EMSA and BlAcore experiments (26). The very low
inhibition driven by the LTR NRE site 2 might be due
to the non-canonical GATA sequence since this se-
quence was reported to be protected in DNAse | pro-
tection assays (22). With the 8E5 t0O extract and the
same competitors, the magnitude of inhibition was
similar (approximately 12%) for the two canonical
GATA oligonucleotides (site 3 and 8E4) and higher for
LTR NRE (over 40%). This is in accordance with the
high level of both USF and huGATA-3 proteins in this
extract suggesting that LTR NRE would be able to
compete for both USF and huGATA-3. In addition,
several antibodies were injected over the proteins of
the 8E5 t0 nuclear extract bound to the immobilized
LTR NRE (600 RU), to confirm the interaction with the
GATA-3. An enlarged view of the post-injection phase,
following antibody injection, is presented in Fig. 6. The
baseline has been adjusted to zero after injection (300
s) of the 8E5 t0 extract in order to visualize the addi-
tional binding response induced by the antibodies.
Anti-huGATA-3 showed an additional binding re-
sponse, when compared to irrelevant sera (anti-GST,
anti-fra-1 and anti-c-jun polyclonal antibodies) and
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FIG. 6. SPR assays with several antibodies injected onto the 8E5 tO/LTR NRE complexes. Six micrograms (in 30 wl) of 8E5 t0 nuclear
extract was previously injected at a flow rate of 10 ul/min onto immobilized LTR NRE oligonucleotide (600 RU). The baseline was adjusted
to zero before antibody injection. Thirty microliters (0.3 ng) of several antibodies—anti-USF2, anti-huGATA-3, anti-huNFIL-6, anti-ratC/
EBP, anti-transcription factors (i.e., anti-fra-1, anti-cjun and anti-STAT3), anti-GST polyclonal antibodies, and rabbit preimmune serum as
control antibodies—was then injected onto complexes formed with LTR NRE. Here is an enlarged view of the postinjection phases of the

sensorgram is presented in the inset.

control pre-immune rabbit anti-serum. Thus, taken to-
gether, the results of competition and antibody exper-
iments indicate that huGATA-3 binds to the LTR NRE
oligonucleotide under SPR conditions. These data are
in agreement with the report of Yang et al. (22) sug-
gesting the involvement of the different LTR GATA
sites in the regulation of HIV-1 transcription. Indeed,
Yang et al. have shown that: 1) in vitro footprinting
analysis revealed 6 GATA target sequences in the LTR
U3 region, 2) in Hela cells, huGATA-3 stimulated the
HIV LTR driven transcription as much as 10 fold and
3) mutation of all GATA sites led to the abrogation of
the GATA-3 mediated stimulation and, to a marked
reduction of transcription in Jurkat cells.

Naturally, as previously shown by EMSA (Fig. 3),
SPR competition experiments revealed interaction be-
tween USF and the LTR NRE. Indeed, the USF oligo-
nucleotide (2.5 uM) can competitively inhibit LTR
NRE/protein interactions (Fig. 5). This competitor,
however, is more efficient in inhibiting the interaction
of LTR NRE with the 8E5 t0 extract (35%) than with
the A3.01 t6 extract (10%), in agreement with the
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higher level of USF proteins in the 8E5 tO extract.
Additionally, the anti-USF2 antibody increased the
binding response of the LTR NRE/SE5 t0 interaction

(Fig. 6).

Analysis of LTR NRE/NFIL-6 Interaction by SPR

In contrast to USF and huGATA-3, NFIL-6 appeared
to be present only in the 8E5 t0 extract (Fig. 2). The
specificity of interaction was verified, as for both USF
and GATA-3, by competition experiments with LTR
NRE and several oligonucleotides, and with two anti-
bodies against human NFIL-6 and rat C/EBP. More-
over, both anti-human NFIL-6 and anti-rat C/EBPS
were unable to bind substantially to the complexes in
BlAcore assays (Fig. 6). Hence, neither EMSA nor SPR
assays can demonstrate a conclusive interaction be-
tween NFIL-6 factor(s) and LTR NRE.

However, NFIL-6 has been shown to play a signifi-
cant role in the fine tuning of HIV-1 regulation of
transcription, either positive in U937 promonocytic cell
line (27, 28) or negative in brain-derived cells) (29). The
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C/EBP  Ruocco er al.
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NFIL-6 oligonucleotide

cegectaga Pcccgaca LTR NRE oligonucleotide
ggtgtaggdCACGTGrcecgggtgt Ad2 USF oligonucleotide
CACGTG] bHLH consensus

FIG. 7. Binding sites shared by C/EBP, USF, and NF-IL6 oligo-
nucleotides. The sequence of each oligonucleotide is presented with
its C/EBP binding site (shaded square) and the bHLH site (open
square). The C/EBP and bHLH consensus motifs are represented at
second and bottom line, respectively. The oligonucleotide used by
Ruocco et al. (34) is also seen at the top.

biological relevance of HIV-1 C/EBP is suggested by
the fact that the C/EBP sites appear to be conserved in
primary isolates from AIDS patients over several years
(30). Moreover, these sites are functional in the pro-
duction of negative strand RNA transcripts from a
novel HIV-1 promoter (3’ LTR, Ref. 31). Furthermore,
HIV-1 isolates carrying linker mutations of the HIV-1
C/EBP at —174/-166 have an enhanced infectivity
(32), suggesting a negative role for the HIV-1 C/EBP
sequence in vivo. Itis likely that, in spite of our results,
NFIL-6 interacts with the LTR NRE region.

In our experiments, the partial inhibition mediated
by the NFIL-6 oligonucleotide in EMSA (Fig. 3, lane 6)
although less efficient than with USF oligonucleotide
(lane 7) and in SPR competition experiments (Fig. 5)
might be due to shared interaction of USF and NFIL-6
regulatory elements for USF protein. In SPR experi-
ment, under real-time conditions (Fig. 5), NFIL-6 oli-
gonucleotide was capable, as USF oligonucleotide, of
inhibiting LTR NRE/8E5 t0 or A301 t6 interactions.
The maximal level (over 50%) was reached when USF
or NFIL-6 oligonucleotides were used in combination
with the canonical LTR GATA site 3 and the 8E5 t0
extract, where both GATA-3 and USF transcription
factors are efficiently expressed when compared to 30—
35% inhibition observed with A3.01 t6 extract. Finally,
the CACPUNTG site present in the NFIL-6 oligonucle-
otide (Fig. 7) could mimic a bHLH motif, as described
in yeast (33), and bind USF protein, thus competing
out USF binding to the LTR NRE or USF oligonucleo-
tides (Fig. 3). In contrast, the Ad2 USF oligonucleotide
although a strong inhibitor of LTR NRE/USF interac-
tion as it does not possess a C/EBP-like sequence (Fig.
7) did not succeed in out-competing the binding of the
NFIL-6 protein to labelled NFIL-6 oligonucleotide
(Fig. 2).

Finally, the lack of substantial interaction between
LTR NRE oligonucleotide and NFIL-6 protein of the
8E5 t0 extract could be explained by the hindrance of
this interaction by the USF factor. Indeed, the 12 nu-
cleotide long USF binding element of the LTR NRE,
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comprising the CACGTG central helix-loop-helix
leucine zipper (bHLH) consensus motif, target for USF,
overlaps the (A/C)TTNCNN(A/C)A consensus sequence
of the C/EBP family (Fig. 1A). A similar DNA sequence
(shaded box of Fig. 7) lacking the 3’ end of the USF site
present in the LTR NRE was shown by Ruocco et al.
(34) to be capable of interacting with over expressed
C/EBPB or C/EBPS proteins in non T-cell lines (i.e.
without GATA-3 expression).

Actually, efficient binding of USF to the LTR NRE
may inhibit NFIL-6 interaction. Therefore, in absence
of USF, NFIL-6 might be able to interact with the LTR
NRE, since expression of USF factor is decreased dur-
ing T-cell activation, while GATA-3 expression is quite
stable and NFIL-6 is induced. Hence the 3 overlapping
regulatory targets might govern the regulation of tran-
scription, according to the diversity of transcription
factors (35) that varied with the cellular context (lym-
phocytes versus macrophages) or with the adaptive
context during the differentiation and activation pro-
cess of the cells.
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