HIV-1 Tat Inhibits IL-2 Gene Transcription Through
Qualitative and Quantitative Alterations of the Cooperative
Rel/AP1 Complex Bound to the CD28RE/AP1 Composite
Element of the IL-2 Promoter*
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Dysregulation of cytokine secretion plays an important role in AIDS pathogenesis. Here, we demonstrate that expression of HIV-1
Tat protein in Jurkat cells induces a severe impairment of IL-2 but not TNF gene transcription. Interestingly, this inhibition
correlates with the effect of the viral protein on the transactivation of the CD28RE/AP1 composite element{164/—154), but not
with that observed on the NFAT/APL1 site of the IL-2 gene promoter, neither with the effect on NR«B- nor AP1-independent
binding sites. Endogenous expression of Tat induced a decrease in the amount of the specific protein complex bound to the
CD28RE/AP1 probe after PMA plus calcium ionophore stimulation. This effect was accompanied by qualitative alterations of the
AP1 complex. Thus, in wild-type Jurkat cells, c-jun was absent from the complex, whereas in Tat-expressing cells, c-jun was
increasingly recruited overtime. By contrast, similar amounts of crel and a small amount of NFAT1 were detected both in wild
type and in Jurkat Tat* cells. Furthermore, Tat not only induced the participation of c-jun in the cooperative complex but also

a decrease in its transactivation activity alone or in combination with crel. Thus, the interaction of Tat with the components of
this rel/AP1 cooperative complex seems to induce quantitative and qualitative alterations of this complex as activation progresses,
resulting in a decrease of IL-2 gene transcription. Altogether our results suggest the existence of tuned mechanisms that allow the
viral protein to specifically affect cooperative interactions between transcription factors. The Journal of Immunology,2001, 166:
4560-4569.

and disease are extremely complex, and virological assurvival (7, 8) mechanisms in the alteration of T cell proliferation

well as immunological factors contribute to pathogenesis.(9) and in the aberrant expression of several cytokine genes:
Among the viral factors involved in the induced immunological TNF-« (10), TGF8 (11), IL-6 (12), IL-2 (13—16), IFNe (17), and
dysregulation, the transactivator protein Tat has been widely study_-g (18). Many of these effects are thought to be mediated by
ied (1). Tatis a small (72-101 aa) regulatory viral protein requiredjterations of cellular gene expression by Tat. In this regard, it has
for efficient transcription and viral replication. Besides its interac-peen demonstrated a direct interaction of the viral protein with
tion with the RNA stem-loopstructure-denominatetians activa-  several transcription factors including Oct, Sp1, and NFAT (19,
tion response, Tat has been shown to interact with several memb%). Besides, indirect mechanisms have been proposed to explain

of the transcriptional machinery during the process of initiation andalterations of the transcriptional activity of NEB (5, 21) and AP1
elongation of viral transcription. This is the case of RNA polymer- (22) transcription factors

ase I, the kinase complex P-TEFb, and the transcriptional coactiva- . . . .
tors cAMP response element binding protein binding protein In the immune response, IL-2 is considered to play a pivotal
P gp gp role. This cytokine is strongly regulated at the level of transcrip-

(CBP)/p300 (2, 3). i dth lat ferring its inducibl
Furthermore, the presence of Tat does not only affect viral trans-'f)n’ and the regulatory sequences conferring Its Inducible expres-

activation but also mediates alterations in multiple cellular pro-s"o'_1 |_n T cells gre Iocallzc_ed _|n a.reglo.n 6300 bP S'of the trgn-_
scription start site (23). Within this region, the existence of binding

sites for different ubiquitous and cell-specific transcription factors
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T he pathogenic mechanisms underlying HIV-1 infection cesses. Thus, Tat has been involved in both apoptotic (4—6) and
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Transcriptional transactivation regulated through composite elGAL4-c-Jun §+S, constructs encode the wild-type transactivation do
ements is further complicated by the interplay between these fanrinain of c-jun, and this domain mutated in its phosphorylation sites (Ser 63

i ot PTRgE ; and Ser 73), respectively, in frame with the GAL4 DNA binding domain
|I|es‘0f trfanscrlptlon factors. Thus, binding of NFAT proteins to (44). The pGALA-c-rel(309-588) and pGAL4-c-ref309—-318) express a
«B-like sites takes place on s.e\{eral promoters (20, 31-33). Moreéhimera containing the GAL4 DNA binding domain together with the
over, NFkB and AP1 transcription factors are regulated not only transactivation domain of c-relr 10 aa without transactivating capacity,
by transcriptional and posttransductional mechanisms, but also biespectively, and were cloned by A. Garcia in our laboratory (45). The
the qualitative composition of the dimers. This determines the tranf?gjz\gﬁi;‘e’épé;s;'j’?gag‘lK/I”a‘é"r"_"; 2 gﬁ'lf_tn‘;r‘;’:dA- a'l\g“p”rgz_g”sslt't‘étgsg?b'gé’e(i“l )

L . . . igaci i icas, id, i Wi viously i
Scr!ptlona.l activity, t.he. DNA squence specificity, and the Inter'and the pRc-hc-rekxpression plasmid resulting from the cloning of the
actions with transcriptional coactivators (34-36). cDNA of c-rel in the Hindlll-Xbal restriction sites of pRcCMV (Invitro-

As the Tat viral protein has been shown to affect cytokine ex-gen, San Diego, CA) was provided by N. Rice (National Cancer Institute,

pression and interact with different transcription factors, we con-Frederick, MD) (45). The plasmid pEF-BOS-NFAT1 bears the gene en-

; ; P ; coding the influenza virus hemagglutinin-tagged NFAT1 and was a gift
sider of interest the study of how this viral protein can alter thefrom 3. M. Redondo (Centro de Biologia Molecular, Madrid, Spain). The

coopera_tive interactions determining the transactivation of these\yTat was a gift from J. Alcami and contains full-length HIV Tat (86
composite elements. Here, we demonstrate that Jurkat cells stabd) under control of CMV-immediate early promoter (40). The pcDNA3
expressing Tat have a drastic inhibition in CD28RE/AP1-mediatedblasmid (Invitrogen) is a cloning vector containing the CMV promoter. It
transactivation, concomitantly with a severe impairment of IL-2-Was used in our experiments as a control in the transfection of expression

. o . . plasmids or to adjust the quantities of DNA transfected. To evaluate trans-
induced transcription. Furthermore, we show that this viral protelrr?ection eﬁiciency,JpRL-tk-?uc plasmid (Promega, Madison, WI) was used.

acts on this composite element inducing quantitative and qualitay contains the herpes simplex virus thymidine kinase (HSV-TK) promoter
tive changes in the transactivating complex as activationto provide low to moderate levels of Renilla luciferase expression in co-

progresses, possibly explaining the inhibition of IL-2 gene tran-transfected mammalian cells.
scription observed in Jurkat Tatells. EMSASs

. Nuclear extracts were obtained from Jurkat cells essentially by the previ-
Materials and Methods ously described method (46). Gel retardation assays were performed as
Cell cultures and reagents described (47) with the only modification that in the competition experi-

. . ments, the unlabeled homologous oligonucleotides were used at 80-fold
Jurkat Jhan cells (both Wll_d type and stably expressing th_e fuII-Iengthmolar The sequences of thegoligonugleotidest¢63’) used in EMSAs
HIV-1 Tat of 86 aa) were a gift from J. Alcami and were grown in complete were .tcgaGTTTAAAGAAATTCCAAAGAGTCATCAG (CD28RE/AP1
RPMI 1640 medium supplemented with 10% FCS. Tat-expressing (:ell%f human IL-2 promoter), gatcGGAGGAAAAACTGTTTCATACA
were obtained by transfection of pLTat SN plasmid (a gift from O. GAAGGCGT (distal NFAT ’site of human IL-2 promoter), gatcATA
Schwartz, Institute Pasteur, Paris, France). This plasmid contains Tat undirAATTTTCCAATGTAAA (mouse P sequence of the IL-4 ro;noter) and
long terminal repeat (LTR) of Moloney virus control. The stable eXpreSSing%GCTTGATGAGTCAGCCGGAA (AP? CONsSensus oligor?ucleotide’)

fcells mer(;sele_cted ?y res(;éstletince ct:o”gert]_etlmrll\)l COoS cellflxvere (;)btalne The pairs of complementary synthetic oligonucleotides were annealed
rom the American Type Culture Collection (Manassas, ) an WEr€ and labeled with the Klenow fragment of the DNA polymerase | using

maintained in complete DMEM supplemented with 10% FCS. Cells Were[a-32P]dCTP and §-*?PJdGTP with the exception of the AP1 oligonucle

stimulated with anti-CD3 (g/ml) plus anti-CD28 (Jug/ml) Abs, or with otide (Promega) that was labeled with the T4-PNK usipd?P]dATP. To

PMA (25 ng/ml; Sigma, St. Louis, MO) and ionophore A23187.(; urify the labeled oligonucleotides, Quick Spin Columns Sephadex G25
Sigma) as indicated. Anti-Tat polyclonal Ab was obtained from B. Cullen ?Bogwinger Mannhe?m Heidelber’gQ Germa[\)ny) equilibratedp with Tris-
(Duke University, Durham, NC) through AIDS Research and Referen(:eED.I.A were used ’ ’

Program (37). None of the agents affect the viability of the cells at the When using serum to supershift or to inhibit the induced binding, the

concentrations used, as confirmed by the trypan blue dye exclusion teStaps were added to the binding reactions before the addition of the radio-
labeled probe. The serum used in EMSAs were 672 anti-NFATL1 (gift from
J. M. Redondo), anti-junB, and anti-fos family (provided by A. Corbi
The concentration of IL-2 was quantified in supernatants of Jurkat@at  Centro de Investigaciones Biologicas, Madrid, Spain), anti c-jun (sc-45-G;
Jurkat Tat cell cultures (7x 10° cells/ml) harvested after 24 or 48 h of Santa Cruz Biotechnology, Santa Cruz, CA), and the anti-¢136) (48)
cultivation in the absence or presence of PMéalcium ionophore  and anti-p65 (1226) (49) sera were gifts from N. Rice.

A23187 (PMA+Ilo). Commercially available ELISA kits were used ac- :

cording to manufacturer’s instructions (IL-2; R&D Systems, Minneapolis, RT-PCR analysis
MN). Cytokine concentration was assayed in duplicate. Total RNA was prepared from Jurkat cells by the TRIzol reagent RNA
protocol (Life Technologies, Paisley, U.K.). Total RNA (&) was reverse
transcribed into cDNA and used for PCR amplification with either human

The reporter plasmid plL2luc containing the sequences fr@86 to +46 IL-2 or HIV-1-Tat or GAPDH-specific primers by the RNA PCR Core Kit

of the human IL-2 gene directing transcription of the firefly luciferase gene(Perkin-Eimer, Norwalk CT) as previously described (50). Brloeﬂy, the PCR
has already been described (23). The plasmid TK-luc contains the herpdas amplified by 20-35 repeat denaturation cycles at 94°C for 1 min,
simplex I thymidine kinase promoter (38). The pCD28RE/AP1luc p|asmidanneallng at 60°C for 1 min, and extension at 72°C for_l min. Amplified
contains four copies of the oligonucleotide corresponding to the CD28REFDNAS were separated by agarose gel electrophoresis, and bands were
NF-IL-2B of the human IL-2 gene promoter and was a gift from A. Weiss Visualized by ethidium bromide staining.

(University of California, Sa_n_Francisco, CA) (26)._The pIaskaﬁno- Transient transfections

nalbumin (CONA)-luc containing three tandem copies of#Besite of the

lg k-chain promoter cloned upstream of the CONA transcription start siteTranscriptional activity in Jurkat and COS cells was measured in reporter
was provided by J. Alcami (Hospital 12 de Octubre, Madrid, Spain) (39).gene assays after transient transfection of cells with the corresponding
The reporter plasmid pLTRxluc was a gift from J. L. Virelizier (Institute plasmid using Lipofectamine as recommended by the manufacturer (Life
Pasteur). (40). It carries the U3’UTR of the LTR of the LAl strain of HIV-1 Technologies). Briefly, exponential growing Jurkat cellsX210f) were

from nucleotide—644 to+78. The pNFATIuc plasmid was a gift from G. transfected with 4ul of Lipofectamine, 6ul of Plus Reagent (Life Tech-
Crabtree (Stanford University Medical School, Stanford, CA). It containsnologies) and 0.qug of the firefly luciferase reporter plasmid (containing
three tandem copies of the NFAT distal site of the human IL-2 promoterthe regulatory region under test) together with 10 ng of the pRL-tk-luc in
fused to the minimal human IL-2 promoter (23). The pTNF-luc plasmid a final volume of 1 ml of OptiMem (Life Technologies). Following 4 h of
contains a region 1311 bp upstream from the transcriptional initiation siténcubation, 3 ml of complete medium was added to cells, and they were
of the human TNFx promoter (41). The p-73col-luc plasmid including the incubated overnight to complete transfection. Cells were then counted by
AP1-responsive (—73/+63 bp) regions of the human collagenase promotgrypan blue exclusion and treated X710° cells/ml) with different stimuli
fused to the luciferase gene has been previously described (42). Thier 6 h. In the case of COS cells, exponential growing cells were trans-
pGAL4-luc reporter plasmid includes five GAL4 DNA binding sites fused fected in suspension. For6 10° cells, 2ul of Lipofectamine, 3ul of Plus

to the luciferase gene (43). The pRSV-GAL4-c-Jun (wild type) and pRSV-Reagent, and Lg of the firefly luciferase reporter plasmid plus 20 ng of

Cytokine measurement

Plasmid constructs
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the pRL-tk-luc and 0.2%g of the corresponding expression plasmid were It is well known that IL-2 gene expression is dependent on the
'?\CUbatGﬁd fo(; 3 hdm a final Vc?'l:jm_e Zf 1Im|f0f OPtI'Mem- Cd_OS ceclls”were coordinated activity of several transcription factors activated after
then pelleted and resuspended in 4 ml of complete medium. Cells wer ; : :
plated on multidish 24-well plates and, after 24 h, stimuli were added forqh cell Stlmulatlor;] (24). Am(l)ng the‘ DNA Sequgncels preslen.t in the
an additional 6-h period. IL-2 promoter, the most relevant in transcriptional regulation are

_ those recognized by AP1, NkB, and the composite elements
Luciferase assays NFAT/AP1 (NFAT distal site) and CD28RE/AP1, where Rel and
After the stimulation period, cells were harvested, lysed, and measured fofP1 proteins transactivate in a cooperative way (26). Therefore,
10 s in a luminometer following the instructions in the Dual-Luciferase we decided to analyze which of those factors was altered in Jurkat
Assay System Kit (Promega). Data are represented in relative firefly lucif-Tat" cells by transiently transfecting plasmids that express the

erase units normalized by the relative renilla luciferase units Obtainedinthﬁjciferase reporter gene under the control of the corresponding

control samples of every transfection (RLUff/ren). Every experiment was - .
conducted in duplicate. All of the experiments shown are representative Jf€SPONse elements. As shown in Fig. 2B, PMA+lo-induced tran-

at least three performed to guarantee the reproducibility of the results. scription controlled by CD28RE/AP1 was severely abolished in
Jurkat Tat cells. By contrast, transcription dependent on ptBe
Results or AP1 sites was not significantly altered, whereas NFAT/AP1-

Expression of Tat in T cells down-regulates IL-2 synthesis dependent transcription was enhanced 2-fold in Jurkat €atis.

To study the effect of Tat on IL-2 synthesis, we compared the
activation response of Jurkat wild-type (Tatells to those stably
expressing the viral protein (Jurkat Tat Cells were stimulated plL2luc pTNFluc
with phorbol esters in combination with calcium ionophore, and
IL-2 secretion into the supernatant was evaluated by bioassays
(data not shown) or by specific ELISA (Fig. 1A). Normal Jurkat
Tat™ cells secreted IL-2 upon stimulation by PMA+lo. By eon
trast, Jurkat Tat cells had a drastic if not complete blockade in ~ontrol PMA lo ~ontrol PMAIo
their ability to produce IL-2. Furthermore, no IL-2 mRNA could
be detected by RT-PCR techniques in Jurkat Tells at any time
after activation although it was already observe@ & of stimu-
lation in wild-type Jurkat cells (Fig. 1B). These data suggested an
inhibitory effect of Tat at the level of IL-2 gene transcription.
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To further confirm that Tat was affecting IL-2 gene expression, we NFAT/AP1 AP1
analyzed the expression of a reporter gene under the control of the 0 »
—326/+45 region of the human IL-2 gene promoter. Transactiva-

tion of the IL-2 promoter was increased in Jurkat cells upon 100 "
PMA+lo stimulation, but this induced transcription was strongly 0 = 0

300
200

RLUff/ren (x100)
883

S ; o i trol  PMA.I
inhibited in Jurkat Tat cells. By contrast, the transactivation of . SRR
the TNF promoter was up-regulated in Jurkat Taells.
C pLTRxluc D E
i ot
A 6 ‘:120 i}:::: HIV¥T jtat jtat % % @
T lmi 3 58 8 2 %
£ | jtat* Z 4 £ &2 TS
£ 30 0 ¥ 2
o 0 1 10 100
20 ng pCMVtat
10 | | FIGURE 2. Regulation of transcriptional transactivation in Jurkat Tat
0 and Jurkat Tat cells. A, Effect of Tat on IL-2 and TNF promoters was
control 24h 48h evaluated by transiently transfecting Jurkat Tand Jurkat Tat cells with

plL-2luc and pTNFluc plasmids, respectivel, Transactivation con-
B trolled by the response elements mentioned atdpef each diagram was
0 2h 4h30m  8h30m evaluated after transient transfection of the cells with the luciferase reporter
- - ” - h - - - lasmids pxkB-CONA-luc (NF«B), pNFATIuc (NFAT/AP1), p-73col-luc
tat  jat* jat jat* jar jar* jar jat* P _
! ! ! J ! ) ! ! (AP1), and pCD28RE/AP1luc. In bothandB, transiently transfected cells

IL2 _ were cultured in the absence of stimulation (control) or treated with
PMA+Ilo for 6 h. Transfection, stimulation, and luciferase activity mea-
surements were performed as describedViaterials and Methods. C,
GAPDH m Comparison of the ability of Jurkat Tatcells with transiently transfected
Jurkat Tat cells to activate HIV LTR. Cells were transfected with

FIGURE 1. Inhibition of IL-2 gene expression in Tat-expressing cells. pLTRxluc and with the indicated amounts of pPCMVTat. Luciferase activity
A, Jurkat Tat and Tat cells were cultured (% 10° cells/ml) in absence  was measured after 6 h of cultul®, Expression of HIV-Tat mRNA in
(control) or presence of PMA+lo. Supernatants were harvested after 24 ajurkat Tat cells. Total mMRNA (1ug) from Jurkat Tat or Tat cells as

48 h of treatment, and the presence of IL-2 was evaluated by ELBSA. well as from T lymphocytes from an HIV-1-infected patient was analyzed
Total RNA (1 ng) from Jurkat Tat and Jurkat Tat cells stimulated as by RT-PCR to measure HIV-Tat or GADPH mRNA levels. Expression
mentioned inA for the indicated times was analyzed by RT-PCR to mea- of HIV Tat by Western blot. Cell extracts from 1Qurkat Tat or Jurkat
sure IL-2 and GADPH mRNA levels. An aliquot of the amplified DNAwas Tat™ transfected with 100 or 500 ng of pCMVTat as well as fron§ T0
separated on an agarose gel and stained with ethidium bromide for qualiymphocytes from an HIV-infected patient were run on SDS-PAGE and
tative comparison. blotted with anti-Tat Ab. Recombinant Tat was added as a control.
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Thus, the global effect of Tat on IL-2 promoter regulation seemed pLTRIuc CD28RE/AP1
to correlate with the effect on the CD28RE/AP1 element, indicat-

ing its prominent role in controlling IL-2 transcription. "’é\ S Efgr?g?;t 13 Efgmnr?lat
The expression of Tat in Jurkat Tatells was difficult to detect f 10 6
by Western blot with specific anti-Tat antisera (Fig. 2E). However, g | 4
by RT-PCR, Tat mMRNA was detected (FidR Besides, by trans- 3 5 2
fection of Jurkat Tat with pCMVTat, only cells transfected with S 0
JLTR  JLTR jtat™ jtat™

500 ng, but not with 100 ng, of plasmid allow a clear detection of
Tat by Western blot. This indicates that the amount of Tat in Jurkat
Tat cells was rather low. However, the presence of active Tat coulfIGURE 4. Endogenous Tat expression is responsible for the down-
be inferred by a very strong up-regulation of the activity of the regulation of CD28RE/AP1-dependent transcription. Inlgiepanel, Jur-
HIV-LTR promoter. Furthermore, if we compared the level of kat Tat” (5 x 10° cells) transfected with_the pLTRxluc (J-LTR) were
LTR transactivation in Jurkat cells transiently and stably expressgocultured with Jurkat Tét(5 x 10° cells) in absence (control) or pres-

. . nce of anti-Tat Ab. In theight panel, Jurkat Tat or Jurkat Tat cells
ing Tat, we can tentatively assume that Jurkat Tat cells Shou.lc\?vere transfected with pCD28RE/AP1luc and cultured in the absence or in

EXpress yery low levels of Tat, comparable to those .olbtalned Iri!)resence of neutralizing anti-Tat Abs. Cells were cultured6fd in the
transfections of 1-10 ng of Tat plasmid DNA per million cells presence of PMA+1o.

(Fig. 2C). Similarly, Tat was difficult to detect by Western blot in
PBMC from an infected HIV patient, although a faint doublet

could be observed (Fig. 2E). dAs expected, anti-Tat antiserum did not affect CD28RE/AP1-de-

To further corroborate that this effect was exclusively to Tat an S
. . : endent transcription in Jurkat Tatells. Taken together, those
not to some artifact produced during the generation of stable trans- - ;
results indicate that extracellular Tat was not responsible for the

fected cells, Jurkat wild-type cells were transfected with different L )

doses of a pCMVTat-expressing plasmid together with CD28RE/ObserVed inhibition of CD28RE/AP1 in Jurkat Tatells.
AP-1 reporter. As shown in Fig. 3, the transfection of low amountsgfect of Tat on the kinetics of binding of transcription factors
of the Tat-expressing plasmid significantly decreased the transagg the CD28RE/AP1 composite element

tivation of the CD28RE/AP-1 reporter induced by anti-CD3 plus_l_ tudy th derlvi hani f Tat-mediated inhibiti
CD28 PMA+Io induced a stronger up-regulation of this reporter 0 study the underlying mechanism of Tat-mediated inhibition on

than anti-CD23 plus anti-CD28, but this induction was also inhib-CD28RE/AP1 transactivation, we analyzed the effects of the viral
ited by Tat, although it requiréd higher amounts. As a control protein on the binding of activated transcription factors to this

TK-luc was unaffected by Tat expression (Fig. 3). Similar resultsCOMPosite element. For that purpose, we performed E_MSAS with
were found in another human T cell line, MOLT-4 (data not nuclear extracts of Jurkat Tatand Jurkat Tat cells using the

shown). corresponding oligonucleotide-labeled probe. As shown in Fig. 5,

Contrasting effects of Tat depending on whether it acts intracel-
lularly or extracellularly have been reported (13-16). To address
this point, we evaluated the activation of the CD28RE/AP1 re- Comp.
porter in Jurkat Tat cells activated by PMA-+lo in the presence o -
of a neutralizing anti-Tat Ab (Fig. 4). No effect of anti-Tat was
observed despite the fact that Tat was secreted. Tat secretion was
demonstrated by the fact that cocultures of Jurkat Teith Jurkat
cells transfected with HIV LTR up-regulated the transcription

+jtat  +jtat”

PMA - - + + + + + + + + +
jtat jtat* jtat jtat* jtat jtat* jtat jtat* jtat jtat* jtat

. . . » o g o w il 4
from this promoter, and this effect was blocked by the anti-Tat Ab. "H !
L 1 1 . - 1 1 J
~—@— No stim - aCD3,CD28 min 0 30 90 270 90
300 5 ...0-- PMAJ0  ---&-- TK-luc
250 I; 100 o ftat
L & 80 1 e
—~ T =) | jtat
@’ 200 e X 60
= R Q 40
o 1504 [ N o
z 2. 5 20 1
T ., + + :_' 0
100 4 rmones [ Y 0 30 90 270
time (min)
——a FIGURE 5. Kinetics of the binding of transcription factors to the
0 CD28RE/AP1 element of the human IL-2 gene promoter in activated Jur
T T T T T -
0 1 50 100 200 kat Tat” and Jurkat Tat cells. Nuclear extracts of cells stimulated for 0,

30, 90, or 270 min with PMA alone or in combination with lo were ana-
lyzed by EMSA using the radiolabeled probe corresponding to the
FIGURE 3. Effect of transiently expressed Tat on CD28RE/AP1-depen- CD28RE/AP1 site of the human IL-2 promoter. An 80-fold molar excess
dent transcription. Jurkat Tatcells were transiently transfected with of unlabeled homologous oligonucleotide was added to the binding reac-
pCD28RE/AP1luc or pTKluc together with the indicated doses of pCM- tion mixture where indicated to test the specific binding. At the bottom, the
VTat/1(P cells. After transfection the cells were cultured in absence ofresults of the densitometric analysis of the specific complex bound after
stimulation or treated with anti-CD3 plus CD28 or PMA+Ilo for 6 h as PMA+Io stimulation (indicated by the arrow) in both types of cells are
indicated. shown.

ng pCMV-tat
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activation of Jurkat cells led to the appearance of a specific comEffect of Tat on the binding and transcriptional transactivation
plex bound to the CD28RE/AP1 oligonucleotide that increasedbf CD28RE/AP1 by NFAT

with time after stimulation. In Jurkat Tatcells, the amount of this
complex was about the same as that in Jurkat Tgt to 90 min
and only at longer times after activation it was significantly

It has already been shown that Tat interacts with NFAT altering its
transactivating capacity (20) and at present there is a controversy
about the implication of NFAT in the regulation of the CD28RE/

decreased. AP1 response element (28, 31). Therefore, it could be possible that
Effect of Tat on the NEB composition at the CD28RE/AP1 the effects of Tat on this responsive element were caused by Tat-
element NFAT interaction, somehow altering the transactivatikigrAP1

Both the apparent discrepancies between the strong inhibition o qomplex. To test this hypothesis, first we analyzed whether NFAT

served in Jurkat Tat cells in CD28RE/AP1 transactivation and was present in the complex bound to the CDBRE/AP1 probe by

the partial effect observed in EMSAs were suggestive of the exasiNg specific Abs against NFATL in the EMSAs. As shown in

istence of additional inhibitory mechanisms. As the transactivatinqﬁ'g‘ A a slmall ta_rgoutr)t Olf NFAT I\nl\'lfz'?'s able tclntblnd to tf;;s prot(;e_.
function of both NFkB and AP1 transcription factors is regulated owever, aimost identical supershitting results were observed in

by the composition of the dimers (34-36), a possible Tat-induced]urkat Taf and Jurkat Taft, indicating a similar partici_pgtior_l of
qualitative alteration in the transactivating complex could not be\FAT1 in the complex in both types of cells. The participation of
excluded. NFAT was also confirmed by competition of the binding using
To test this hypothesis, we investigated which one of the Com_unlabelgq propes containing NFAT binding s.ites. The result of this
ponents in the binding complex could be altered, because th€oMPetition evidenced the presence of AP1 in the complex and, to
CD28RE/AP1 site of the IL-2 promoter is known to bind tran- & Minor extent, the participation of NFAT (competition with the
scription factors from the N&B and AP1 families (26). Within ~ NFAT binding site of the mouse IL-4 promoter) both in Jurkat
this composite element, the CD28RE has been described as a nohdt” and Jurkat Tat cells. However, we could not exclude the
consensusB site (51) recognized by diverse members of the POssibility that the presence of Tat in the complex could be induc-
NF-kB transcription factor family (49). Therefore, we evaluated ing a competition between the NFAT and the cedteins bound
whether thexB composition was being altered by Tat using Abs to thexB-like site, altering their cooperation with AP1 and, there-
against the p65 and c-refoteins of thexB family in the EMSAs. fore, the transactivating activity. To evaluate this possibility, we
Both in nuclear extracts of PMA+lo-stimulated Jurkat Tand  transfected COS cells, which do not endogenously express NFAT
Jurkat Tat cells, the presence of c-relas predominant when but express high basal levels of AP1 (52) with the pCD28RE/
compared with p65, but no significant differences were detected if\P1luc plasmid together with different combinations of the ex-
the composition of the complex either at 90 (Fig. 6) or 270 min of pression plasmids of c-rel, Tat and/or NFAT1. NFAT1 did not
stimulation (data not shown). inhibit the transactivation of the CD28RE/AP1 element induced by
c-rel either in the presence or in the absence of Tat. Actually, even
an additive effect in transactivation was detected when NFAT and
c-rel proteins were cotransfected (Fig. 7B). These results excluded

Comp. the interaction between NFAT and Tat as the main cause of the
acrel ap6S5 Nrs inhibition on the CD28RE/AP1 element by the viral protein.
lo - - - -+ 4+ o+ O+ o+ o+
PMA - - + + + + + + + + +
jtat jtat® jtat jtat® jtat jtat’ jtat jtat” jtat jtat* jtat Effect of Tat on the binding of AP1 transcription factors to
CD28RE/AP1
> — - o o It is well known that AP1-dependent transcriptional regulation is
btk bl - 3o b determined by the composition of the AP1 dimers (36). To test
T - ﬂw whether this component of the complex was qualitatively affected
12 in Jurkat Tat cells, the participation of some of the AP1 factors
Ojtat |, was evaluated by analyzing the inhibition of the specific binding
Ojtat’| 45 after incubation with Abs in the EMSAs. As shown in Figh,8he
06 presence of c-jun, junB, and fos proteins in the complex bound to
2 04 the CD28RE/AP1 element was very similar when comparing nu-
0:2 m clear extracts from 90-min stimulated wild type and Tat-express-
00 ing Jurkat cells. However, when we evaluated nuclear extracts

without Ab acrel  ap65 Nrs from cells stimulated for 270 min, qualitative differences, in ad-

FIGURE 6. Endogenous expression of Tat in Jurkat cells does not altelﬂltlon to the previously shown redugtlon in the amount Of_ the com-
c-rel and p65 binding to the CD28RE/AP1 element. EMSA analysis wasPle€x bound, could be observed (Fig8)8 Thus, although in both
performed with nuclear extracts from Jurkat Tand Jurkat Tat cells ~ Jurkat Tat and Jurkat Tat the AP1 dimers contained a similar
either unstimulated or activated with PMA alone or in combination with lo proportion of fos proteins both at 90 and 270 min, the participation
for 90 min. One microliter of anti-c-ref1136), anti-p65 (1226), or normal  of c-jun at different times of stimulation was different in Jurkat

rabbit serum (Nrs) was added to the reaction mixture before the addition of gt~ and Jurkat Tat. c-jun was very poorly represented in both
the radiolabeled CD28RE/AP1 oligonucleotide where indicated. In the Ias{ypes of cells at 90 min of stimulation, but at 270 min its partic-
lane, competition with an 80-fold molar excess of unlabeled homologou§ '

n

oligonucleotide was conducted. The amount of bound complexes was an- Vi din Jurkat Tacells. This ef fT le
alyzed by densitometric analysis of the specific band (indicated by thgantly increased in Jurkat TaCells. This eflect of Tat was selec

arrow). The values obtained were normalized to those corresponding to tHidV€ On c-jun, as the participation of junB in the complex was very
binding reaction performed without antiserum and are represented as regimilar in Jurkat Tat and Jurkat Tat at both 90 and 270 min of

ative units at the bottom of the diagram. stimulation.

pation in the complexes bound to the CD28RE/APL1 site signifi-
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A CD28RE/AP1 binding complex as activation progresses. This ef-
A QV"«’\\,D‘\\Q' fect was associated with a quantitative decrease in protein binding
q?’Q.Q?*Qé N and an inhibition of the transactivating function of the complex. To
Comp o Y\.(s\ < test the existence of a direct effect of Tat on the transactivating
’ _——-—-— activity of c-rel and c-jun, Jurkat Tat cells were cotransfected
Serum Nrs oNFAT1 with plasmids expressing GAL4 chimeric proteins (containing the
PMAIo- - + + + + + + + + + + transactivation domain under test and the DNA binding domain of

GAL4) together with pGAL4luc and different doses of a Tat ex-
pression plasmid (Fig. 9). c-rdtansactivation activity was not
decreased by coexpression of Tat. In fact, we could observe some
increase when very low doses of pCMVTat were used (FAg. b
contrast, the activity of c-jun was inhibited in a dose-dependent
manner by pCMVTat transfection (Fig. 9B). These data were sug-
gestive of an inhibitory effect of Tat on the transactivation of the
CD28RE/AP1 element mediated through a direct inhibition of the
C-jun component.

In contrast, overexpression of neitheret-nor c-jun allowed

jtat jtat* jtat jtat* jtat jtat* jtat jtat* jtat*jtat* jtat*jtat*

1,2 Jurkat Tat cells to reach the values of transactivation obtained in
1 O jtat Jurkat Tat after stimulation, despite substantial increases in
o CD28RE/AP1 transactivation (20- to 50-fold). Only when both
0,8 O jtat . S . o
= R proteins were coexpressed, similar levels of luciferase activity
x 06 were obtained in the presence and absence of Tat (F/9. These
04 data were indicative of a direct effect of Tat on the interactions

maintained between NkB and AP1 at the CD28RE/AP1 element

02 and, thus, the inhibition of transcription was only abolished when
0 the presence of Tat in the Jurkat Tatell was insignificant com
without Ab  Nrs o NFAT1 pared with the functional overexpressed NB/AP1 complexes.
B To corroborate this hypothesis, Jurkat Tadr COS cells were
cotransfected with c-juf- c-rel and pCMVTat. As shown in Fig.
40 3 control 10B, expression of c-jur c-rel increased CD28RE/AP1-depen-
= O PMA+lo = dent transactivation-1000-fold in Jurkat Tat cells. However, the
e 30 cotransfection of low amounts of pCMVTat (50 ng) significantly
~:' down-regulated both the basal and the PMA+lo-induced transac-
2 20 tivation of the CD28RE/AP1 reporter. Similar results were found
5 in COS cells. Inhibition of CD28RE/AP1-dependent transactiva-
& 10 rn tion was dependent of the amount of pCMVTat cotransfected, be-
0 __ﬂr[l I . ] ing c-rel + c-jun-mediated transactivation completely abrogated
by high doses of pCMVTat (Fig. 10). Furthermore, these exper-
NFAT1 - + - - ot B + iments excluded the alteration of the endogenous expression of
c-jun and c-relby Tat as the cause of the inhibition of CD28RE/
crel - A A AP1 transactivation, as it should have been bypassed by overex-
at - ) ) + . + + pression of these transcription factors.

FIGURE 7. NFAT is not responsible for the inhibitory effects of Tat on

the CD28RE/AP1 elememd, The participation of NFAT in the complexes Discussion

bound to the CD28RE/AP1 element from nuclear extracts of Jurkat Tat Here we have shown that the constitutive expression of HIV-Tat in
and Jurkat Tat cells was evaluated in EMSAs using the corresponding T cells is able to drastically reduce IL-2 but not TNF gene expres-

labeled probe. Competition with the indicated unlabeled oligonucleotide%iOn induced upon activation. Despite the large number of existing
was performed in an 80-fold molar excess. Nuclear extracts of unstimu- _ N : N
lated or 90-min PMA-+lo-activated cells were assayed, and af anti- reports about the IL-2 transcriptional regulation, the exact contri

NFAT1 672 serum or normakbbit serum (Nrs) was added to the binding pution of the different re;ponse elem'en.ts existing'at the 'promoter
reactions where indicated to evaluate the inhibition of the induced bandS NOt clear. Mutagenesis and footprinting analysis provide good
(indicated by the arrow). Data in the diagram below represent the densitomegVidence that interdependent transcription complexes govern IL-2
ric values normalized to the corresponding value in the sample withou,Ab. transcription and, thus, stable occupancy of the promoter may re-
COS cells were cotransfected with the pCD28RE/AP1luc and the pRL-tk-lugquire simultaneous binding to all sites (23, 24, 53).

reporter plasmids together with the expression plasmids pEF-BOS-NFAT1 Our results suggest that HIV1-Tat affects IL-2 transcription
and/or pCMVTat and/or pRc-hel. The plasmid pcDNA3 was used to equal mainly by inhibiting the transactivation of the CD28RE/AP1 site.
_the amount of DNA used in every transfection. Transfepted cells qure culturegrhe preponderant role proposed for the CD28RE/AP1 complex in
in the absence or presence of PMb for 6 h, and luciferase activity was  1he requlation of IL-2 transcription would be in consonance with
evaluated as indicated Materials and Methods the data described in normal T cells about IL-2 promoter activity
(30) and with the impaired IL-2 expression observed irelc-
knockout mice (54). However, we cannot exclude that within the
entire promoter the inhibition of this composite element could in-
Altogether, the above mentioned results indicated that Tat expresluce alterations on other transactivating complexes bound at dif-
sion in Jurkat cells was increasing the participation of c-jun in theferent sites of the promoter.

Effect of Tat on the transcriptional activity of c-jun andal-
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A _ B
Serum acjun ajunB o fos fam
PMAlo - - + + + + + + + + o c-jun ajunB o fos fam Nrs
jtat jtat* jtat jtat* jtat jtat* jtat jtat* jtat jtat jtat jtat jtat- jtat* jtat jtatr jtat- jtatr jtat jtat

-

i e e

- 1,6
4 _ O jtat
> 0,84 ' O jtat 5 12
N x 08
0,4
0,4
0'0 '_n 0,0 | l I — :
without Ab oocjun  ajunB o fos fam without Ab  acun  ajunB ofos fam Nrs

FIGURE 8. Qualitative analysis of the AP1 component bound to the CD28RE/AP1 composite element. EMSAs were performed and analyzed as
described in Fig. 4. Nuclear extracts of unstimulated or 90-min PMA+lo-treated céllsrinuclear extracts of 270-min stimulated cell8iwere assayed.

The indicated antiserum () was added to the binding reaction to analyze its inhibitory effect on the induced binding complex (indicated by the arrow).
The normalization of the densitometric values was performed as in Figs. 4 A&ndn8l it has been represented in the diagrams of bars below the
corresponding EMSA.

The drastic inhibition observed on the transactivation of thetivity and may have important consequences due the importance of
CD28RE/AP1 element in Jurkat Tatells is likely the result of a  this transcription factor in T cell activation.
combination of a quantitative reduction of the binding of transcrip- The importance of the AP1 component on the complete function
tion factors to this site and also of subtle qualitative changes thavf the NFxB/AP1 complex has already been demonstrated (57).
may alter the transcriptional activity of the factors bound. BecauseSignificantly, the CD28-induced costimulation is based not only on
Tat decreases in a dose-response manner cHuwrel-induced  the activation of the NFeB component bound to the CD28RE but
CD28RE/AP1 transactivation, it is also plausible that Tat alsoalso on the complete activation of AP1, both at the level of the
down-regulates the transcriptional activity of the NB/AP-1 composition of the dimer (58) and at the posttransductional mod-
complexes bound to the CD28RE/AP-1 site of the IL-2 promoterifications that alter the transactivating function of c-jun (59).
without affecting the individual activity of NixB and AP-1. In-  Therefore, it is possible that the recruitment of c-jun to the
terestingly, our results indicate that c-jun minimally participates inCD28RE/AP1 element by Tat may be the main cause of the alter-
AP1 dimers bound to the CD28RE/APL1 site in activated T cells.ation observed on the binding characteristics of the {BFAP1
As activation progresses, an alteration of the relative participatiomomplex and subsequently in its decreased transactivating activity
of c-jun and junB in the binding complex is observed when com-in Jurkat Tat cells.
paring Jurkat Tat cells to Jurkat Tat. In this regard, it has been The existence of a direct interaction between a transactivator
demonstrated that heterodimerization of AP1 proteins not only deviral protein and AP1 has already been proposed for the Tat pro-
termines their ability to bind specific DNA sequences and to in-tein of the Visna virus (60) and for the human T cell leukemia
teract with the basal transcriptional machinery but also influencesirus transactivator tax (61, 62). Our results show that the effects
their recognition by protein kinases and transcriptional coactiva-of HIV-Tat on AP1 seem specific of composite elements as trans-
tors (reviewed in Ref. 36). Thus, phosphorylation of jun proteinsactivation controlled by consensus AP1 sites was not affected by
by c-Jun N-terminal kinase (JNK) is dependent on the presence afndogenous expression of Tat in the cell. Although not addressed
a JNK-docking site in the jun proteins, but efficient phosphoryla-in this study, this lack of effect could be due to the lack of alter-
tion also requires certain specificity-conferring residues, such as ation of the AP1 dimers bound to pure AP1 sites. Besides, this
proline at the P+ 1 position flanking the phosphate acceptor site could indicate the existence of a direct contact of Tat with other
(55). c-jun fulfils both requirements but junB, although having ancomponents of the complex, somehow allowing a more efficient
efficient INK-docking site is not phosphorylated by JNK as it lacks Tat/c-jun interaction. In this regard, cotransfection experiments of
the necessary proline. An additional difference between c-jun anggGal4-c-reland low doses of pCMVTat in Jurkat Tatells evi
junB is that only the former interacts with the transcriptional co- dence an alteration of the transactivating function oélcby Tat
activator JAB1 (jun activation domain binding protein 1), which and suggest the existence of an interaction between these two pro-
enhances the ability of c-jun to activate transcription through stateins. The dependence of this effect on the presence of a restricted
bilization of the AP1-DNA complex (56). Bearing in mind all Tat concentration (low levels) is intriguing. A possible explanation
these data, the existence of subtle alterations of the AP1 comp@ould result from the fact that from certain levels of Tat expres-
sition in the transactivating complex may lead to have amplifiedsion, dimerization of the viral protein could be taking place, thus
functional consequences. Furthermore, we show Tat does not onBvoiding its interaction with cel. The idea of an alteration on the
favor the participation of c-jun in the binding complex but besides,dimer composition of AP1 in a manner dependent on Tat-rel con-
and, probably more importantly, it interacts with c-jun inhibiting tacts is reinforced by reports that demonstrate that cniag} alter
its transcriptional activity. This is, to our knowledge, the first de- AP1-mediated transactivation (63). Altogether, the effect of Tat on
scription of a Tat-mediated inhibition of c-jun transactivating ac- the transactivating complex may be more complex than the sum of
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FIGURE 9. Effect of Tat on the transactivating function of c-rehd
c-jun. Jurkat Tat cells were transiently transfected with the reporterplas C PRSV-cJ +
mids pGAL4-luc and pRL-tk-luc together with 2.5 ngk 10°cells of the 47— PODNA3 60 pRe-herel 0+ oDNAS
plasmids pGAL4-c-re(309-318) or pGAL4-c-re[309-588) inA or 50 5 4 [= gCMVtaHOO
ng/2 X 10°ells of the plasmids pRSV-GAL4-c-Jun (wild type) or pRSV- E 30 W+ pCMVtat 500
GAL4-c-Jun §+S, in B. In bothA and B, these plasmids were cotrans z & s
fected with the indicated amounts of the plasmid pCMVTat (0, 0.5, 5, 25, o
or 50 ng/16cells). Luciferase activity was evaluated and normalized to the PMAI?)- . . ; e e

transfection efficiency as mentioned litaterials and Methods.
FIGURE 10. Effect of Tat on c-jun plus c-rel-dependent CD28RE/AP1
transactivationA, Overexpression of both c-jun and c-iielrequired to

the effects of the viral protein on the individual components Be_avoid the inhibitory effect of Tat on CD28RE/AP1 transactivation in Jurkat
’ Eat+ cells. Jurkat Tat and Jurkat Tat cells were transiently transfected

sides, taking into account that cooperative interactions are requweWIth pPCD28RE/AP1Iuc and pRL-tk-luc together with 250 ngf2L0° cells

Qn the CDZSR.E/AP:L element, it '_S pos_5|ble that both the 'nteracbf the expression plasmids pRSV-cJ and/or pRc-hc-rel. Transfected cells
tions of Tat with both c-reland with c-jun are the cause of the \yere cultured for 6 h in the absence or presence of PMA+Io as indicated.
selective recruitment of c-jun to this composite element. This idea the bottom, the diagrams represent the luciferase values obtained in the
is further supported by the fact that the effect of Tat on CD28RE/cotransfections of the pcDNA3 plasmid or the pRSV-cJ plasmid in an
AP-1 transcription depends on the relative amounts of the threamplified scaleB, Inhibition of c-jun plus c-rel. Mediated CD28RE/AP1
components as demonstrated by the transient transfection expetiansactivation by Tat. Jurkat Tatells were transiently transfected with
ments in Jurkat Tat or COS cells. In this regard, Lim et al. have PCD28RE/AP-1 luc together with pRSV-cJ and pRC-hcagkbove, with

recently found that Tat interaction with SP1 at the human mono2r Without pCMVTat (50 ng/19cells).C, COS cells were transiently trans

; fected with pCD28RE/AP-1 luc together with pRSV-cJ and pRC-hc-rel
te chemoattractant protein 1 (hMCP-1) gene promoter m rv

cyte chemoatiractant prote (NMCP-1) gene promoter may se 00 ng/2x 1(Pcells) with the indicated amounts of pPCMVTat. Cells were

asa platform t.o recruit and stabilize the Interfictlon of AP1 anddIF- stimulated or not with PMA+1o for 6 h. The amount of DNA transfected
protem; FO _th's prqmoter (64). Thus, gtudylng the effects of Tat QqNas adjusted in all the transfections using the plasmid pcDNA3 when
synergistic interactions among transcription factors is becoming iNhecessary.
creasingly relevant to fully understand its physiological role.

Although our results point toward a NEB/Tat/AP1 tripartite
interaction, the indirect disruption of interactions between thesesence or presence of Tat. These data are consistent with those
transcription factors and coactivators as a consequence of the presiggesting that activation of the IL-2 gene expression through the
ence of Tat in the cell cannot be excluded. Thus, the interaction o€D28 costimulatory signal involves both N&/rel and NFAT
c-jun with the transcriptional coactivator CBP has been involved infunctionally interacting with CD28RE (67) but exclude that the
the regulation of the transactivating function of c-jun (65), and Tateffects of HIV-Tat on the CD28RE/AP1 response element are me-
interacts in vivo and in vitro with CBP/p300 (2, 66). The possi- diated through the NFAT component of the complex, as it has been
bility that c-jun-CBP interaction could be altered by the one main-proposed for the HTLV-I-tax protein (32).
tained between Tat and CBP would also contribute to explain the We have not detected a significant effect of constitutive Tat
inhibition of c-jun-transactivating activity by the viral protein. expression on the activity afdB-dependent reporter genes. This is

In contrast, despite the highly controversial implication of in contrast with several reports that have described effects of Tat
NFAT in the regulation of the CD28RE/AP1 element (28, 31), ouron NF«B (5, 21) but in agreement with those by Ott et al. They
results demonstrate that NFAT is present in the induced bindinguggest that Tat is able to alter the binding of NEB-{0 sequences
complex, but in a similar amount both in Jurkat Taind Jurkat  recognized by this transcription factor with low affinity and with a
Tat" cells. Moreover, reporter gene experiments in COS-transstrong participation of c-rel, not detecting any effect on “classical”
fected cells evidence a cooperation between NFAT1 arel ot kB sites recognized mainly by p50-p65 dimers (18). The existing
the transactivation of the CD28RE/AP1 element both in the ab-controversy about the enhancing or inhibiting effects of Tat on
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IL-2 regulation (13-16) is also remarkable. All of these discrep-14.
ancies are probably due to the use of different experimental con-
ditions, as in many of those studies enforced expression of Tat (bys.
transfecting large amounts of Tat expression plasmids) or extra-
cellular recombinant Tat were used, whereas very low Tat intra-
cellular concentrations (closer to physiological levels) exist in ouris.
Jurkat Tat cells. Despite the fact that Tat could be secreted and
affects neighboring cells, extracellular Tat is not involved in the
inhibition of the CD28RE/AP1-dependent transcription. Alto- 17.
gether, these results indicate that the effects of Tat may vary de-
pending on its cellular location, a point not always taken into ac-
count in the literature. 18.
In summary, we have shown that intracellular expression of
HIV-Tat may affect transcription from the CD28RE/AP1 compos- 19.
ite element of the IL-2 human promoter at various levels: reducing
the binding of the transcription factors to the complex, altering,,
their composition, and decreasing c-jun transcriptional activity.
This causes a drastic inhibition of transcriptional activation of IL-2
gene. These data underline the importance of studying the multiple
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