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For productive replication of human immunodeficiency virus type 1 (HIV-1) in host cells, the viral genome-
encoded transactivator Tat and several cellular transcription factors are required for efficient viral gene tran-
scription. However, it remains unclear how the viral genome initiates transcription before Tat is transcribed
or when Tat is at suboptimal levels. Here, we utilized the human T-cell leukemia type 1 Tax protein as a mo-
lecular tool to investigate the mechanism of viral gene transcription that initiates the early phase of infection
of HIV-1. Tax alone does not significantly increase the activity of HIV-1 long terminal repeat (LTR) in T lymph-
ocytes, but it markedly enhanced the replication of an infectious HIV-1 provirus with a truncated nef gene. This
enhancement is preferentially mediated by the cooperation of Tax and Tat which is dependent on TAR and
duplicated kB cis elements of the HIV-1 LTR as well as the NF-kB activation domain of Tax. Furthermore, phor-
bol myristate acetate and membrane-targeted HIV-1 Nef also enhanced the LTR activity in the presence of Tat
in the TAR- and kB cis element-dependent manner. These data suggest that activated NF-kB can functionally
interact with a suboptimal amount of Tat and the HIV-1 LTR for efficient initiation of viral gene transcription.

Replication of human immunodeficiency virus type 1 (HIV-
1) in T lymphocytes is modulated by HIV-1 early regulatory
proteins such as Tat, Rev, and Nef (9, 26). Tat and Rev are
viral nuclear proteins that bind to the RNA products of HIV-
1 transcription and are essential for HIV-1 gene expression at
transcriptional and posttranscriptional levels. Nef is required
for virus growth in resting T lymphocytes and monocytes, and
it enhances viral replication in cell culture and in animals
infected by a simian counterpart of HIV-1 (18, 22, 33). In
addition to these early viral proteins, cellular factors play crit-
ical roles in the regulation of HIV-1 replication. HIV-1 gene
expression is enhanced in activated primary and transformed T
cells or monocytes (17, 21, 24, 30). This enhancement is per-
haps related to the intrinsic features of the interleukin 2 (IL-
2) enhancerlike region in the HIV-1 59 long terminal repeat
(LTR) that controls viral gene expression (35, 36). The HIV-1
LTR is conceptually divided into three major regions: modu-
latory, core, and TAR (named TAR for transactivation respon-
sive) (12, 16). The modulatory region contains numerous cis-
acting sequences for the binding of transcriptional factors
including NF-kB, NF-AT, and AP-1. The core region contains
a basal promoter including three copies of Sp1 elements and a
TATA box. The TAR sequence is unique for the primate
lentiviruses, and its RNA serves as the binding site for Tat (12,
16).

Among the cis-acting sequences located in the modulatory
region of the LTR, two highly conserved consecutive copies of
kB elements at nucleotides 2104 to 281 are critical for HIV-
1 replication in T cells (12, 16). These duplicated kB sequences
are preserved in clinical HIV-1 isolates as well as in tissue
culture-adapted viral strains. A single kB cis element is found
in HIV-2 and simian immunodeficiency virus (SIV). The ac-

tivity of the kB element is achieved by the binding of an
activated transcriptional factor NF-kB translocated from the
cytoplasm to the nucleus. NF-kB can be activated following
HIV-1 infection (12, 16) and in T lymphocytes and macro-
phages as well as by certain exogenous factors including certain
cytokines and heterologous viral proteins such as human T-cell
leukemia virus type 1 (HTLV-1) Tax (13, 28). A persistent
activation of NF-kB is observed during HIV-1 infection and is
possibly mediated by Tat and Nef (4, 10).

Although it has been shown that NF-kB activation is impor-
tant for HIV-1 growth in primary T cells, the virus can replicate
in a kB element-independent manner (15, 20, 27). In addition,
NF-kB or Tax, when acting as a single factor, may not be
sufficient for the activation of the HIV-1 LTR (7, 11, 30, 32,
37). Still, it remains unknown how the viral genome initiates
early transcription of the viral genes immediately after viral
entry when Tat is at a suboptimal level. To study the molecular
mechanism of HIV-1 gene transcription at this very early stage
of infection, we established an HIV-1 replication reporter sys-
tem that imitates the viral early transcription by utilizing
HTLV-1 Tax as a molecular tool. We show that HTLV-I Tax
alone is a weak activator of the HIV-1 LTR, but it can dra-
matically upregulate HIV-1 gene transcription in cooperation
with a suboptimal amount of HIV-1 Tat. The marked enhance-
ment of HIV-1 replication by Tax is mediated through a func-
tional cooperation between NF-kB and Tat. Further, mem-
brane-associated Nef can also stimulate HIV-1 LTR in the
presence of suboptimal levels of Tat, presumably through ac-
tivation of NF-kB.

Tax enhances HIV-1 replication in Jurkat T lymphocytes.
Since the effect of Tax on transcriptional regulation of the
HIV-1 LTR activity was previously determined in a virus-free,
HIV-1 LTR reporter system, this approach may underestimate
the influence of Tax on HIV-1 replication. To determine how
Tax influences HIV-1 replication at the transcriptional level
and to examine possible cooperation of Tax and HIV-1 viral
proteins, an HIV-1 replication reporter system was developed.
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This system includes Tax, an HIV-1 LTR-SEAP reporter, and
HIV-1 infectious clone with a truncated nef gene as well as
human Jurkat T cells. An infectious molecular clone of pNL4-3
was reconstructed by inserting a neo gene into the nef locus to
generate the pNL4-3neo variant (depicted in Fig. 1A). Trans-
fection of pNL4-3neo into Jurkat T-antigen (TAg) cells pro-
duces infectious viral particles in transfected cell culture me-
dium, and the kinetics of HIV-1 replication can be assessed by
cotransfection with pHIV-1 LTR-SEAP reporter.

The cell-free supernatant from the transfected cell cultures
was collected for secreted alkaline phosphatase (SEAP) activ-
ity analysis. As shown in Fig. 1B, there was an approximately
23-fold increase in SEAP activity in the Jurkat T lymphocytes
cotransfected with pNL4-3neo and Flag-Tax compared to the
activity induced by cotransfection of pNL4-3neo and the
frameshift mutant of Tax (Flag-TaxFS). However, Tax alone
induced the HIV-1 LTR activity only about fivefold over the
basal activity of the LTR, as quantified by SEAP activity anal-
ysis. These results suggest that Tax can alter the activity of the
HIV-1 LTR, perhaps in synergy with one of the viral proteins
encoded by the HIV-1 genome.

Tax cooperates with Tat to enhance HIV-1 gene transcrip-
tion. Two potential candidates of the HIV-1 proteins that

could cooperate with Tax to enhance the transcriptional activ-
ity of the HIV-1 LTR are Tat and Vpr, since both Tat and Vpr
are transactivators of the HIV-1 LTR. To examine this possi-
bility, a transient cotransfection of Tax and Tat or Vpr together
with the LTR-SEAP reporter into Jurkat cells was performed.
Tax increased the LTR activity about 10-fold over that of
TaxFS in the presence of Tat (Fig. 2A). This cooperative effect
was dose dependent, using various amounts of Tax plasmid
within the range 0.05 to 0.4 mg (Fig. 2B). The SEAP activity
was saturated when large amounts of Tax plasmid DNA were
used for transfection (Fig. 2B). This synergistic activation in-
duced by Tax and Tat was best observed when Tat was ex-
pressed at low levels, since overexpression of Tat can saturate
the HIV-1 LTR activity and therefore might mask the poten-
tial synergistic effect mediated by Tax. Under optimal condi-
tion settings, increases in the HIV-1 LTR activity induced by
Tax in the presence of a low-level Tat of up to 40-fold were
observed (see Fig. 5B). In contrast, Tax did not exhibit any
cooperative effect on transactivation of the HIV-1 LTR with
Vpr (Fig. 2A). Although it was shown that cotransfection of
Tax and Vpr increased the HIV-1 LTR activity about fivefold
over that mediated by TaxFS plus Vpr, this simply reflects the
effect mediated by Tax alone. These results suggest that Tax
enhances the HIV-1 LTR activity specifically in cooperation
with the HIV-1 transactivator Tat.

The cooperation of Tax and Tat is dependent on the TAR
and cis kB elements. To assess requirement of the cis elements
within the HIV-1 LTR for Tax-induced cooperative effect, a
subset of the HIV-1 LTR mutants were generated by sequen-

FIG. 1. Tax enhances replication of the HIV-1 provirus with a truncated nef
gene in human T lymphocytes. (A) Schematic representation of the truncated-nef
infectious provirus of HIV-1 and the HIV-1 LTR-SEAP reporter. The truncated-
nef HIV-1 provirus (pNL4-3neo) is derived from pNL4-3 in which a neo gene
fragment was inserted into the XhoI site at the nef locus of pNL4-3 at amino acid
position 35. The nef gene is truncated and encodes only the first N-terminal 35
amino acids of the Nef protein. The complete LTR of HIV-1 was derived from
pNL4-3 and was constructed by PCR with Pfu DNA polymerase. The SEAP
reporter gene (14) is linked to the full-length LTR. (B) Flag-tagged wild-type Tax
(Flag-Tax) and frameshift mutant (Flag-TaxFS) were constructed in a phEFneo
vector in which the human elongation factor promoter controls the expression of
Tax. Tax (1 mg) or TaxFS (1 mg) was cotransfected with or without pNL4-3neo
(0.1 mg), together with pHIV-1 LTR-SEAP (0.2 mg) into Jurkat TAg cells by
using DMRIE-C liposome transfection reagent. SEAP activity was quantified by
using chemiluminescent substrate. The basal activity of the LTR was set at 1. The
data are representative of at least two independent experiments.

FIG. 2. Tax cooperates with Tat to enhance HIV-1 LTR activity. (A) The
transient cotransfection was performed with LTR-SEAP (0.4 mg), Flag-Tax (1
mg), Tat (0.05 mg), and Vpr (0.1 mg) either alone or in combination as indicated
in the figure. The DNA amount used for transfection was standardized to a total
of 2 mg with phEFneo vector. The data are representative of two independent
experiments. (B) The dose-response activation to the LTR by costimulation of
Jurkat T cells with Tax and Tat was measured by cotransfection of Tat (0.1 mg),
LTR-SEAP (0.4 mg), and various amounts of Tax plasmid as indicated in the
figure.
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tial 59- and 39-end deletions of the cis-acting sequences of the
LTR (depicted in Fig. 3A). Deletion of upstream sequences,
including several cis elements for the binding of transcriptional
factors NF-AT, USF, Ets, and LEF, did not impair the coop-
erative activity (Fig. 3B). Deletion of the HS4 region led to a
slight decrease of the SEAP activity, but this LTR construct
was still activated by the combination of Tax and Tat with an
increased SEAP activity of at least 30-fold over that induced by
Tax alone. However, deletion of the TAR element in the LTR
abolished the cooperative activity (Fig. 3B). The requirement
of the TAR element for the Tax’s transactivation activity indi-
cates that Tat is essential for the synergistic activation of the
HIV-1 LTR through specific binding to the TAR element.

To determine if Tax mediates the cooperative effect through

activation of NF-kB, an LTR reporter with the kB site deleted
(LTRDkB) was constructed by deleting the upstream enhancer
including two copies of the kB elements (depicted in Fig. 4A).
The activity of LTRDkB was 145-fold less than that of the
wild-type LTR in Jurkat TAg cells transfected with both the
Tax and Tat plasmids (Fig. 4B). These results suggest that the
cooperative activation of the HIV-1 LTR mediated by Tax plus
Tat requires a minimal promoter of the HIV-1 LTR in which
at least two copies of kB element and the TAR sequence are
essential.

The NF-kB activation domain of Tax is required for the
cooperative activity. As shown above, the kB cis element is
required for Tax-mediated cooperative activity. This suggests
that the nuclear translocated NF-kB activated by the Tax pro-
tein cooperates with Tat to enhance the HIV-1 LTR activity.
To further test this possibility, we generated Tax mutants M22
and M318 with specific mutations in two distinct functional
domains. Tax contains three identified domains required for its
multiple functions. An N-terminal nuclear localization signal is
essential for all of Tax’s functions. The NF-kB activation do-
main of Tax is also located at its N terminus and is necessary
for the activation of NF-kB (31). Tax’s transcriptional activa-
tion domain is at its carboxyl terminus flanking amino acids
from 289 to 322 (29). To generate the Tax variant (M22) with
mutations in the NF-kB activation domain, we substituted
Ser130 Ala131 for Thr130 Leu131 of Tax to generate Flag-
tagged M22 (Flag-M22), in which the mutations at these two
amino acid positions abrogate Tax’s ability to activate NF-kB
(31). The M318 variant (Flag-M318) with deletion of the tran-
scriptional activation domain at the carboxyl terminus of Tax
that contains the N-terminal 318 amino acids was also con-
structed. The wild-type Tax and its variants were expressed at
comparable levels and were detected by a specific antibody
reacting to the carboxyl terminus of Tax or by anti-Flag (Fig.
5A). Flag-M318 was not detected by anti-Tax antibody prob-

FIG. 3. The cooperative transactivation activity of Tax requires the TAR
element. (A) Schematic representation of the wild-type HIV-1 LTR and the
mutants with various cis element deletions. The nucleotide acid number is based
on the numbering of the complete sequence of pNL4-3 derived from GenBank.
LTR272-773 flanks a full-length promoter, but the upstream cis sequences im-
mediately before the USF element were deleted. LTR296-773 covers the com-
plete promoter region with the upstream sequence deletion immediately after
the USF site. LTR329-773 contains the entire promoter but the upstream region
immediately before the duplicated kB sites was deleted. LTR1-536 covers the
entire promoter and enhancer, but the cis elements immediately after the TAR
sequence and HS4 region were deleted. LTR1-477 (LTRDTAR) includes the
complete upstream modulatory region and the core region but the TAR se-
quence was deleted. The wild-type LTR and all LTR mutants were linked to the
SEAP gene. (B) The transfection of Jurkat TAg cells was performed using Tax
(0.6 mg) and Tat (0.1 mg) as well as various LTR constructs (0.2 mg/each) as
indicated in the figure. The data are representative of two independent experi-
ments.

FIG. 4. Tax’s transactivation to the HIV-1 LTR is kB element dependent.
(A) Structures of wild-type LTR (LTRwt) and LTRDkB. The wild-type HIV-1
LTR contains a complete upstream modulatory region as well as the core region
and the TAR sequence. LTRDkB was constructed by deleting all upstream
modulatory region including the duplicated kB elements, but the core and the
TAR regions are reserved. Both LTR fragments were linked to the SEAP gene.
(B) Tax or TaxFS and Tat together with the wild-type LTR (LTRwt) or LTRDkB
reporter plasmid were transiently cotransfected into Jurkat TAg cells. The SEAP
activity was quantified 48 h after transfection. The data shown below represent
two independent experiments.
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ably due to lack of the carboxyl terminus of Tax but was
detected using anti-Flag epitope antibody (Fig. 5A). As shown
in Fig. 5B, the Flag-M22 variant with mutations within the
NF-kB activation domain abrogated the ability to activate the
HIV-1 LTR in cooperation with Tat, whereas the Flag-M318
variant with mutations in the transcriptional activation domain
retained the ability to activate the HIV-1 LTR in cooperation
with Tat. These results provide further evidence that the co-
operative transactivation activity of Tax to the HIV-1 LTR is
mediated through interaction of activated NF-kB and Tat.

T-cell mitogens cooperate with Tat, not with Tax, for HIV-1
gene expression. To assess the effects of the transcriptional
regulation of the HIV-1 LTR mediated by the cooperation of
NF-kB and Tat or between transcriptional factors in more
detail, we examined the potential cooperation of Tax or Tat
with T-cell mitogens including phorbol myristate acetate
(PMA) and phytohemagglutinin (PHA) on the activation of
the HIV-1 LTR. PMA is an activator of protein kinase C and
consequently activates NF-kB. PHA induction imitates T-lym-
phocyte activation events mediated through T-cell receptor
stimulation and stimulates T-cell activation in Ca21-dependent
signaling pathways that leads to activation of NF-AT (8). Stim-
ulation of Jurkat TAg cells by PMA resulted in 10- to 40-fold

increases of the HIV-1 LTR activity over that of the unstimu-
lated cells (Fig. 6). PHA alone induced an increase in the LTR
activity of less than threefold over the basal activity of the LTR
(Fig. 6). Stimulation of Jurkat T cells with the combination of
PMA and PHA did not synergistically increase the LTR activ-
ity (data not shown). To determine if Tax cooperates with T-
lymphocyte activation mitogens on the activation of the HIV-
1 LTR activity, Tax together with the LTR-SEAP reporter was
transiently cotransfected into Jurkat T cells, and the transfect-
ed cells were further stimulated by either PHA or PMA. As
shown in Fig. 6A, the LTR activity induced by a combination
of Tax and PMA was equal to that noted with PMA stimulation
alone. The combination of Tax and PHA resulted in a slight
increase of the LTR activity over that of either PHA or the Tax
protein alone (Fig. 6A).

In contrast, a synergistic effect on the transactivation of the
HIV-1 LTR was seen in the Jurkat TAg cells stimulated with a
combination of PMA and Tat or PHA and Tat (Fig. 6B).
Deletion of the kB element in the HIV-1 LTR not only abol-
ished the SEAP activity induced by either PMA or PHA alone
but also negated the Tat-induced activation of the HIV-1 LTR
(Fig. 6B). Interestingly, costimulation of the LTRDkB-SEAP-
transfected cells with Tat plus PMA increased SEAP activity

FIG. 5. The NF-kB activation domain of Tax is required for the cooperative
transactivation of the HIV-1 LTR. (A) Flag-tagged Tax mutants with mutations
in the NF-kB activation domain (M22) and in the transcriptional activation
domain (M318). M22 contains amino acid substitutions Ser130 Ala131 for
Thr130 Leu131 within the NF-kB activation domain of the Tax protein. M318
has a carboxyl-terminal deletion in the transcriptional activation domain of Tax.
Expression of Tax was detected by immunoblotting analysis. The Tax constructs
were transiently transfected into 293T cells by using Lipofectamine reagent. The
cellular extract prepared from the transfected cells was directly analyzed by
immunoblotting with anti-HTLV-I Tax or with anti-Flag. (B) The wild-type Tax
or the Tax mutants including M22, M318, and TaxFS (1 mg/each) were cotrans-
fected with the LTR-SEAP reporter plasmid (0.2 mg) and Tat (0.1 mg) into
Jurkat T cells. The SEAP assay was performed as described above. The data are
representative of at least three independent experiments.

FIG. 6. T-cell mitogens cooperate with Tat, but not Tax, to enhance the HIV-
1 LTR activity in the TAR- or kB element-dependent manner. (A) Tax has no
cooperative effect with either PMA or PHA. The LTR-SEAP was cotransfected
with or without Tax into Jurkat TAg cells. Twenty-four hours after transfection,
the transfected cells were left unstimulated or stimulated with either PMA (50
ng/ml) or PHA (2 mg/ml) for another 24 h. The SEAP activity was quantified as
described above. (B) PMA or PHA synergistically activates the HIV-1 LTR in
the presence of Tat. The experiment was performed as described above except
that the Tat plasmid (0.1 mg) was used to replace Tax. The data are represen-
tative of two independent experiments.
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about 10-fold over that induced by either Tat or PMA alone
(Fig. 6B), suggesting that a cis element in the LTR other than
the duplicated kB sites is responsive to the cooperative activity
mediated by a combination of PMA and Tat. Taken together,
these results indicate that the T-cell mitogens PMA and PHA
can enhance the HIV-1 LTR activity in cooperation with Tat in
a TAR- and cis kB element-dependent manner and Tax has no
significant effect in cooperation with either PHA or PMA on
HIV-1 gene transcription.

Membrane-targeted HIV-1 Nef enhances the HIV-1 activity
in the presence of Tat. As described above, HTLV-I Tax en-
hanced the replication of an infectious provirus with the trun-
cated nef gene (pNL4-3neo), suggesting that Nef might utilize
a similar mechanism to Tax for the enhancement of HIV-1
replication. We tested a membrane-targeted HIV-1 Nef (CD8-
Nef) to examine its activity on viral gene transcription, since
the chimeric protein has been reported to spontaneously acti-
vate Jurkat T cells and led to a constitutive activation of NF-kB
when targeted to the cell membrane (4). The CD8-Nef protein
alone had no detectable transactivation activity for the HIV-1
LTR in Jurkat TAg cells, but the Nef protein increased SEAP
activity some 24-fold greater than that noted using the truncat-
ed CD8 molecule in the presence of Tat (Fig. 7A). This coope-
rative transactivation activity requires the duplicated kB cis el-
ements and the TAR sequence, since LTRDkB and the LTRD
TAR both showed markedly diminished activities when induced
by a combination of CD8-Nef and Tat (Fig. 7B). This suggests
that Nef enhances HIV-1 gene expression, probably through
modification of the activity of the transcription factor NF-kB.

The present work indicates that deletion of the duplicated
kB binding sequences in the modulatory region significantly
impaired the ability of the LTR to respond to PMA, PHA, and
Tax as well as to Nef. Although LTRDkB contains an intact
TAR element, its activity is not significantly enhanced by the
Tat protein alone in Jurkat T cells. These results, which are
consistent with a previous report by Berkhout et al. (5), indi-
cate that the kB elements are required for the full activity of
the HIV-1 LTR and also are critical to Tat responsiveness. The
importance of the kB cis sequences appears to be dependent
on the basal activity of NF-kB in a particular cell line. It has
been recently shown that in cells with a constitutively high level
of nuclear NF-kB, the wild-type HIV-1 replicates at a rate
20-fold higher than a mutant virus with the kB element deleted
(6). In contrast, in cells with a low basal activity of NF-kB, the
wild-type and DkB viruses multiply at equal rates (6). In addi-
tion, the DkB SIV exhibits efficient replication in CEMx174
cells and peripheral blood mononuclear cells (PBMCs) at rates
similar to those of the wild-type SIV (15). These results, how-
ever, are not inconsistent with the hypothesis that the kB
elements in both HIV-1 LTR and SIV LTR are critical for
virus replication. Both factors, the kB elements in the HIV-1
LTR and the activated NF-kB protein, are required for the full
activity of the NF-kB–kB DNA complex. Thus, it is reasonable
to assume that wild-type HIV-1 can replicate in the absence of
NF-kB but will multiply more efficiently in cells with activated
NF-kB. This property enables both cellular and exogenous
factors to affect virus replication kinetics in vivo.

In general, the transcription initiation of cellular or viral
genes is achieved through structural and functional interac-
tions among a number of transcriptional factors. NF-kB can
synergize the HIV-1 LTR activity with other transcriptional
factors such as Sp1 or Ets through direct interaction (3). Early
studies showed that the HIV-1 LTR is activated by Tat and can
be dramatically enhanced in PHA- and PMA-stimulated T
cells (24). It has been recently shown that NF-kB can interact
with NF-AT or with Tat to mediate synergistic activation of the
LTR (19). By analyzing the cis elements of the LTR, we show
in the present work that the synergistic activation mediated by
PMA, PHA, or Tax in combination with Tat absolutely re-
quires either the kB sites or the TAR element in human T
lymphocytes. Mutagenesis studies indicate that HTLV-I Tax’s
NF-kB activation domain is essential for this cooperative ac-
tivity and suggest that the cooperation of Tax and Tat is me-
diated by a functional interaction of NF-kB and Tat. Interest-
ingly, the activity of LTRDkB is not enhanced by either Tat or
PMA; however, costimulation with PMA plus Tat resulted in
an increase in the LTRDkB activity of about 10-fold. There is
an alternate kB site located at the initiator region of the LTR
for binding of NF-kB homodimer (23) that can respond to the
PMA-plus-Tat stimulation but not to either alone, indicating
that the cooperation of NF-kB and Tat is potent. The activated
NF-kB appears to cooperate with suboptimal levels of Tat to
activate the HIV-1 LTR. Although synergistic activation of the
HIV-1 LTR mediated by transcriptional factors has been re-
ported by some groups (19), we found that the functional
cooperation of NF-kB or NF-AT with suboptimal levels of Tat
is possibly the more important in initiating viral gene transcrip-
tion during the early postintegration of HIV-1 infection.

As indicated, the kB cis sequences are highly conserved
among HIV-1 isolates. Thus, the kinetics of viral replication in
vivo are significantly affected by cellular factors. HIV-1 infec-
tion alone induces a persistent activation of NF-kB that is
probably mediated by Tat and Nef (4, 10). Tat may cooperate
with itself to form a positive-feedback autoloop to enhance
HIV-1 replication. However, immediately postintegration of

FIG. 7. Membrane-targeted Nef activates HIV-1 LTR in cooperation with
Tat in Jurkat T cells. (A) The CD8-Nef chimera was described previously (4).
The truncated CD8 molecule (CD8ET) that encodes only extracellular and
transmembrane domains was used as a control. CD8-Nef (1 mg) or CD8-ET (1
mg) was cotransfected with or without Tat (0.05 mg) together with the wild-type
LTR (LTRwt)-SEAP reporter vector (0.2 mg) into Jurkat TAg cells. The SEAP
activity was measured 48 h after transfection. (B) The cooperative effect of the
CD8-Nef requires the kB and TAR elements. The transient cotransfection
was performed by using CD8-Nef and Tat together with the LTRwt-SEAP,
LTRDkB-SEAP, or LTRDTAR-SEAP in Jurkat cells. The data are representa-
tive of two independent experiments.
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the proviral DNA, Tat is expressed at very low, presumably
suboptimal levels. Thus, viral and cellular factors, such as Tax,
or cytokines, such as tumor necrosis factor alpha and IL-1,
could amplify the activity of Tat through activation of NF-kB
and may play a critical role in enhanced HIV-1 replication
during the early stages of HIV-1 infection.

HIV-1 has the ability to replicate in quiescent PBMCs, and
this ability is dependent on a functional nef gene (22, 33). With
respect to the viral mRNA transcription pattern, Tat is ex-
pressed at a very low level within 6 h postinfection and may not
be sufficient for initiating viral gene transcription through the
HIV-1 LTR. On the other hand, Nef is abundantly expressed
(26). Nef could amplify Tat-mediated activation during the
early phase of infection through regulation of the activity of a
cellular factor, for example, NF-kB. In this respect, Nef may be
essential for a permissive acute infection in the host. This
feature may explain why the nef gene with the premature stop
codon of SIVmac239 virus can revert to the full-length open
reading frame in vivo because of a strong requirement of the
functional nef gene for the virus to establish an acute infection
(18). Finally, our data suggest that Nef’s ability to upregulate
the viral replication can be replaced by NF-kB activators, such
as Tax. This is consistent with the finding that both HIV-1 and
SIV Nef proteins enhanced SIV replication in an IL-2-depen-
dent rhesus macaque T cells in the absence of exogenous IL-2
and increased the production of IL-2 (1). This function of Nef
could be replaced by an oncogenic protein v-Ras but not by
c-Ras (1), suggesting that Nef may potentiate a Ras signaling
pathway. Future studies might focus on how Nef mediates the
infection of HIV-1 in quiescent PBMCs and how this function
is linked to interaction between Nef and cellular factors.
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