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Human immunodeficiency virus type 2 (HIV-2), like HIV-1, causes AIDS and is associated with AIDS cases
primarily in West Africa. HIV-1 and HIV-2 display significant differences in nucleic acid sequence and in the
natural history of clinical disease. Consistent with these differences, we have previously demonstrated that the
enhancer/promoter region of HIV-2 functions quite differently from that of HIV-1. Whereas activation of the
HIV-1 enhancer following T-cell stimulation is mediated largely through binding of the transcription factor
NF-kB to two adjacent kB sites in the HIV-1 long terminal repeat, activation of the HIV-2 enhancer in
monocytes and T cells is dependent on four cis-acting elements: a single kB site, two purine-rich binding sites,
PuB1 and PuB2, and a pets site. We have now identified a novel cis-acting element within the HIV-2 enhancer,
immediately upstream of the kB site, designated peri-kB. This site is conserved among isolates of HIV-2 and
the closely related simian immunodeficiency virus, and transfection assays show this site to mediate HIV-2
enhancer activation following stimulation of monocytic but not T-cell lines. This is the first description of an
HIV-2 enhancer element which displays such monocyte specificity, and no comparable enhancer element has
been clearly defined for HIV-1. While a nuclear factor(s) from both peripheral blood monocytes and T cells
binds the peri-kB site, electrophoretic mobility shift assays suggest that either a different protein binds to this
site in monocytes versus T cells or that the protein recognizing this enhancer element undergoes differential
modification in monocytes and T cells, thus supporting the transfection data. Further, while specific consti-
tutive binding to the peri-kB site is seen in monocytes, stimulation with phorbol esters induces additional,
specific binding. Understanding the monocyte-specific function of the peri-kB factor may ultimately provide
insight into the different roles monocytes and T cells play in HIV pathogenesis.

Human immunodeficiency virus type 2 (HIV-2), like HIV-1,
causes AIDS (1, 9, 11, 63). While HIV-2 infection has been
associated with AIDS cases in West Africa (1, 9–11, 13, 63), it
is also becoming increasingly recognized in other areas of the
world (1, 11–13, 48, 63). The genomes of HIV-1 and HIV-2
encode similar viral proteins, but HIV-2 shares only approxi-
mately 42% nucleic acid sequence similarity with HIV-1 (9, 10)
and is instead more closely related to simian immunodeficiency
virus (SIV), with which HIV-2 shares 75% or more sequence
similarity, depending on the strain (6, 23).
HIV-1 and HIV-2 not only display significant nucleic acid

sequence differences but also show striking biological and clin-
ical differences. HIV-2 infection progresses to AIDS much
more slowly than HIV-1 infection does and demonstrates less
efficient perinatal and heterosexual transmission (2, 3, 13, 37–
39, 48, 52). Furthermore, in tissue culture experiments, mono-
clonal antibodies to the T-cell receptor component CD3 stim-
ulate production of HIV-2 but not HIV-1 from latently
infected T-cell lines, and HIV-2 is less responsive to stimula-
tion by tumor necrosis factor alpha than HIV-1 (33, 49).
The clinical differences between HIV-1 and HIV-2 infection

remain largely unexplained, and it is unknown, for example,
why HIV-2 infection displays a much more prolonged period
of clinical latency than HIV-1 infection does. A correlation
between clinical latency and latency of HIV on a cellular level
has been suspected. Following infection of cells in vitro, HIV
expression is suppressed for a variable period of time until

cellular conditions are altered such that they permit replication
of the virus (20, 44, 49, 56). In asymptomatic HIV-infected
individuals, the number of infected cells in the peripheral
blood is low and it is often difficult to demonstrate viral ex-
pression in these infected cells (18). Disease progression is
associated with marked increases in viral expression in periph-
eral blood cells (36). Recently it has been noted that there may
be a preferential localization of HIV-infected cells actively
producing virus in the lymphoid tissue early in HIV-1 infection,
despite very low levels of virus production in peripheral blood
mononuclear cells (16, 59). However, even in the lymph nodes,
cellular latency is an important phenomenon, as it has been
demonstrated that only a small percentage of infected lym-
phoid cells are actively making virus at any given time (16).
Stimulation of T cells with cytokines such as tumor necrosis

factor alpha or antibodies to the T-cell receptor increases tran-
scription of HIV via cellular intermediaries (21, 33, 41, 49, 56).
Similarly, exposure of HIV-infected macrophages and mono-
cytes to activated, uninfected T cells or to cytokines can induce
HIV replication (21, 25, 26, 61, 65). Furthermore, recent data
suggest that the level of HIV mRNA expression in peripheral
blood mononuclear cells in asymptomatic HIV-infected per-
sons correlates with clinical disease progression over the sub-
sequent 2 to 5 years (64). Since progression of clinical disease
is associated with and likely accelerated by an increase in viral
replication, we have been interested in the cellular events in-
volved in effecting the transition from HIV latency to replica-
tion in monocytes and T cells. It is possible that differences in
transcriptional activation of HIV-1 and HIV-2 may be respon-
sible for the observed differences in the clinical latency period
following infection with these viruses.
In studying the transcriptional regulation of HIV-2, we and

* Corresponding author. Mailing address: 6301 MSRB III, 1150 W.
Medical Center Dr., Ann Arbor, MI 48109-0642. Phone: (313) 747-
1786. Fax: (313) 936-9220.

4854



others have found that the enhancer/promoter region of
HIV-2, located in the viral long terminal repeat (LTR), func-
tions quite differently from that of HIV-1 in T cells and mono-
cytes (33, 35, 43, 49, 51, 68). Stimulation of the HIV-1 enhanc-
er/promoter in activated T cells is mediated predominantly by
binding of the cellular protein NF-kB to two adjacent kB sites
in the HIV-1 enhancer (50, 56). The HIV-2 enhancer, unlike
the HIV-1 enhancer, contains only a single functional kB ele-
ment and also contains at least three other inducible cis-acting
elements which we have previously described: two purine-rich

binding sites, designated PuB1 and PuB2, and a pets (peri-ets)
site, located between the PuB sites (see Fig. 1A) (43, 49, 51).
The purine-rich PuB1 and PuB2 sites contain the conserved
GGA core binding motif which is recognized by members of
the Ets family of proto-oncogenes (43, 67, 69). The predomi-
nant protein binding the PuB sites in vivo appears to be Elf-1,
an Ets family member which is related to the Drosophila de-
velopment protein E74 (35, 43). The PuB and pets sites of
HIV-2 are not found in HIV-1 but are conserved among HIV-2
isolates and are also found in another human pathogenic ret-
rovirus, human T-cell leukemia virus type 1 (8). These sites are
important for activation of the HIV-2 enhancer in T cells
stimulated with phorbol esters, phytohemagglutinin, antibody
to the CD3 component of the T-cell receptor complex, and
antigen (33, 34, 49, 51).
Differences in transcriptional regulation of HIV-1 and

HIV-2 have also been noted in monocytic cells, which play an
important role in HIV infection. It is believed that monocytes
act as a reservoir for HIV in vivo and are involved in the
pathogenesis of HIV-related encephalopathy (24, 25, 35, 58,

FIG. 1. (A) Enhancer region of HIV-2. Relevant sites within the LTR are
identified. Altered bases within the mutant plasmids used are shown below the
wild-type sequence; (A) denotes the mutation contained in Dperi-kB(A), and (B)
denotes the Dperi-kB(B) mutation. The Dperi-kB(A)1DkB mutant plasmid con-
tains both the Dperi-kB(A) and the DkB mutations. The PuB1, PuB2, pets, and
kB sites have been described previously (49, 51), and the sequence of HIV-2rod
has been published elsewhere (32). Site-directed mutations were introduced by
the gap-heteroduplex method as previously described (56). CAT, chloramphen-
icol acetyltransferase. (B) Conserved nucleotides in the peri-kB region of the
LTRs of HIV-2 and SIV isolates, modified from Myers et al. (55). Uppercase
letters in the consensus sequence indicate 100% conservation of nucleotide bases
in a given position of the alignment, and lowercase letters represent bases
conserved in at least 50% of the sequences examined (55). Dots are introduced
where necessary to conserve alignment.
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71). Griffin et al. have shown that activation of the HIV-1
enhancer in immature monocytic cell lines by phorbol myr-
istate acetate (PMA) is dependent on the induction of NF-kB
and its binding to the kB sites in the HIV-1 enhancer (30). In
mature monocytes, NF-kB is constitutively expressed, leading
to a high level of basal expression of HIV-1 and lack of induc-
tion by PMA. We have shown that HIV-2 expression in mono-
cytes following PMA stimulation requires intact PuB and pets
enhancer sites in addition to the kB site (35). The different
clinical and biological characteristics of infection with HIV-1
compared with HIV-2 may thus in part be a result of the
different patterns of transcriptional control of the two viruses.
In the course of performing DNase protection analysis of the

HIV-2 LTR, a footprint was noted immediately upstream of
the kB site (Fig. 1A). Analysis of this DNA sequence revealed
that the motif, designated the peri-kB site, is conserved across
isolates of HIV-2 and SIV (Fig. 1B) (55) and appears to be
unique. Given these findings and the proximity of the site to
kB, we were interested in the ability of the peri-kB site to
confer, along with the other cis-acting elements, inducible ac-
tivation of the HIV-2 enhancer in T cells and/or monocytes.
In the experiments described below, we show that the

peri-kB site is involved in regulation of HIV-2 enhancer func-
tion in monocytes but unlike the PuB1, PuB2, pets, and kB
sites, not in T cells. Mutation of this site leads to markedly
diminished transcriptional activation following stimulation in
monocytic cells but not in T cells. Furthermore, the peri-kB
site is specifically recognized by either a different cellular pro-
tein in monocytes than in T cells or by a single protein which
is differentially modified in the two cell types. A monocyte-
specific transcriptional activator has not previously been de-
scribed for HIV-2 or clearly delineated for HIV-1, and such a
finding suggests one possible cellular regulatory mechanism
which might contribute to the different roles monocytes and T
cells play in HIV pathogenesis.

MATERIALS AND METHODS

Plasmids. Construction of HIV-2/CAT and HIV-2 DkB/CAT has been de-
scribed elsewhere (17, 49). HIV-2 Dperi-kB(A)/CAT, HIV-2 Dperi-kB(B)/CAT,
HIV-2 peri-kB DEL(2111/2127)/CAT, and HIV-2 Dperi-kB(A)1DkB/CAT (Fig.
1A) were constructed by using the gap-heteroduplex site-specific mutagenesis
protocol as previously described (56). The HIV-2 mutants were sequenced by the
dideoxy method (kit from U.S. Biochemical).
Cell transfections and chloramphenicol acetyltransferase assays. The Jurkat

T leukemia cell line, CEM T leukemia cell line, and the U937 monocytic cell line
were maintained in RPMI with 10% fetal bovine serum (FBS) prior to transfec-
tion and RPMI with 5% FBS after transfection. The HL-60 cell line was
maintained in RPMI with 20% FBS before and after transfection. The THP-1
monocytic cell line was maintained in RPMI with 10% FBS and 50 mM
b-mercaptoethanol before and after transfection. Cells were grown under
standard conditions. Cells (107) were transfected with 5 mg of the indicated
plasmid by the DEAE-dextran method (62). Twenty hours after transfection,
certain cell groups were incubated for an additional 20 h with 16 nM PMA. Cell
extracts were prepared, and chloramphenicol acetyltransferase activity was de-
termined by standard methods (29). Transfection efficiencies were normalized by
protein concentration.
DNase protection assays. Nuclear extracts were prepared by a modification of

the method of Dignam et al. (14). The Jurkat extract was additionally purified
through a KCl step gradient, with the fraction eluting at 0.4 M being used. For
the assays using HeLa cell extracts, a radiolabeled antisense strand probe ex-
tending from 251 to 2231 was used. For the experiments using U937 nuclear
extracts, both radiolabeled sense and antisense strand probes extending from
296 to 2147 were employed, and the probes contained mutations in both the
PuB2 and kB sites (the sequences of these mutations are shown in Fig. 1A). For
the experiments using Jurkat nuclear extracts, a radiolabeled sense strand probe
extending from 2110 to 2190 was employed. The probes were generated and
DNase protection assays were performed as previously described (15, 22, 49, 51).
EMSAs. Jurkat, U937, and HL-60 nuclear extracts were prepared as previously

described (14) from cells which were either unstimulated or treated for 5 to 8 h
with 16 nM PMA. Human peripheral blood mononuclear cells were isolated as
follows: buffy coats prepared by the American Red Cross from samples of whole
blood from healthy donors were diluted 1:2 with phosphate-buffered saline and

layered onto Histopaque-1077 (Sigma). The cells were centrifuged at 4003 g for
30 min at 258C, and the mononuclear cell layer was aspirated and washed three
times with RPMI containing 5% FBS. The cells were then layered on a contin-
uous Percoll (Pharmacia) gradient and centrifuged at 1,000 3 g for 20 min for
separation of monocytic cells from lymphocytes (28). The monocytes and lym-
phocytes were aspirated separately, and each was washed three times with RPMI
containing 5% FBS. Unstimulated nuclear extracts were prepared from half of
the monocytes (14), and the rest were incubated with 16 nM PMA in RPMI with
5% FBS at 378C for 6 to 8 h. Nuclear extracts were subsequently prepared from
these cells as well. The lymphocytes were layered onto a discontinuous Percoll
gradient and centrifuged at 1,7503 g for 10 min to separate B and T lymphocytes
(31). The T cells were aspirated and washed three times with RPMI containing
5% FBS and nuclear extracts were prepared (14). The sense and antisense
strands for the oligonucleotide probe used in the electrophoretic mobility shift
assays (EMSAs) were synthesized with an Applied Biosystems 300B synthesizer.
The sequence corresponded to positions 2111 to 2137 of the HIV-2 enhancer
(Fig. 1A). The single-stranded oligonucleotides were purified on a 15% poly-
acrylamide gel, and each strand was labeled with polynucleotide kinase in the
presence of [g-32P]ATP. Equimolar amounts of each strand were annealed by
incubation at 808C followed by slow cooling in 500 mM NaCl. The double-
stranded probe was then purified with a Sephadex G-50 column. The peri-kB(C)
oligonucleotide used as a competitor consisted of the sequence corresponding to
positions 2111 to 2135, the kB competitor oligonucleotide consisted of the
sequence corresponding to positions 293 to 2114, the DkB competitor oligo-
nucleotide corresponded to positions 293 to 2114 with positions 2105 to 2108
mutated (Fig. 1A), the PuB1 competitor sequence corresponded to positions
2151 to 2182, and the pets competitor sequence corresponded to positions
2131 to 2162 with the PuB2 site mutated at positions 2137 to 2142 (Fig. 1A).
These oligonucleotides were synthesized with an Applied Biosystems 300B syn-
thesizer and were annealed in an identical manner to the peri-kB probe de-
scribed above. The binding reaction for the EMSAs (8, 30, 49, 66) contained 10
mg of nuclear extract, 500 ng of poly(dI-dC), and 15,000 cpm of radiolabeled
oligonucleotide probe in 10 mM Tris (pH 7.5), 0.1 M NaCl, and 4% glycerol in
a final reaction volume of 20 ml. Following incubation at room temperature for
15 min, DNA-protein complexes were run on a 4% polyacrylamide gel at room
temperature in TGE buffer (0.05 M Tris, 0.5 M glycine, 0.5 mM EDTA) at 100
V for 2.5 h.

RESULTS

The peri-kB site is recognized by a nuclear factor in T cells
and monocytes. As noted above, the sequence immediately
upstream of the kB site in the HIV-2 enhancer, the peri-kB
site, is conserved among isolates of HIV-2 and SIV (Fig. 1B).
DNase footprint analysis was performed, initially with un-
stimulated HeLa cells, and revealed two footprints: one which
included the kB site as well as 5 bp upstream and 4 bp down-
stream; and a second footprint farther upstream of the kB site,
located between positions 2123 and 2126 (Fig. 2A). DNase
footprint analysis was also performed with PMA-stimulated
U937 nuclear extracts and both sense-labeled (Fig. 2B) and
antisense-labeled (Fig. 2C) probes. As with the HeLa cell nu-
clear extracts, experiments employing U937 nuclear extracts
showed a footprint upstream of the peri-kB site; with the
sense-labeled probe, a footprint between positions 2117 and
2124 was seen, and with the antisense-labeled probe, a pro-
tected region was noted between positions 2119 and 2126.
DNase protection assays were also performed with unstimu-
lated Jurkat T-cell nuclear extracts, and these experiments
revealed a larger protected sequence which encompassed a
region between positions 2127, 17 bp upstream of the kB site,
and 2110, which is the endpoint of the probe and the start of
the kB site (data not shown). This large footprint was used to
define the boundaries of the peri-kB site. From these data,
then, we conclude that the peri-kB site is not only a conserved
sequence, but it is bound by one or more nuclear factors found
in monocytic cells, unstimulated T cells, and HeLa cells.
Mutation of the peri-kB site disrupts HIV-2 enhancer func-

tion in monocytes but not in T cells. To determine the ability
of the peri-kB site to mediate HIV-2 enhancer activation, we
introduced site-specific mutations into the peri-kB site and the
kB site of an HIV-2/CAT construct (Fig. 1A). The sites were
mutated either singly or in combination. The plasmid desig-
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nated Dperi-kB(A) contains a site-directed mutation at the 59
end of the peri-kB site, and the plasmid designated Dperi-
kB(B) contains a mutation near the 39 end of the peri-kB site.
The peri-kB DEL(2111/2127) contains a site-directed deletion
of the 17 bp constituting the peri-kB site. The plasmid Dperi-
kB(A)1DkB contains both the peri-kB(A) and the kB muta-
tions shown in Fig. 1A. These plasmids were transfected into
the Jurkat and CEM T-cell lines and several monocytic cell
lines, including the HL-60 immature cell line, the U937
promonocytic cell line, and the THP-1 mature monocytic cell
line. The data derived from these experiments are shown in
Fig. 3.
In Jurkat cell transfections, mutation of the kB site pro-

duced a marked reduction in the response of the HIV-2 en-
hancer to PMA. However, neither deletion of the peri-kB site
nor mutations within the site had any effect on the responsive-
ness of the enhancer, as stimulation with PMA consistently led
to a .20-fold activation of the mutant enhancer constructs,
similar to levels seen with the wild-type enhancer (Fig. 3A).
Furthermore, mutation of the peri-kB site in combination with
the kB site produced no significant effect beyond that seen
following mutation of kB alone. Similar results were seen in
transfection experiments using CEM cells, another human leu-
kemic T-cell line. As with Jurkat cells, mutation of the kB site
of the HIV-2/CAT construct in CEM cells resulted in a dra-
matic decrease in the enhancer response to PMA, whereas
mutation or deletion of the peri-kB site did not significantly
affect inducible enhancer function (data not shown).
In HL-60 cells, the wild-type HIV-2/CAT construct was

markedly activated (43-fold) by the addition of PMA (Fig. 3B).
However, in contrast to the results seen in the Jurkat and CEM
transfections, experiments employing either the Dperi-kB(A)
or Dperi-kB(B) mutant construct demonstrated significantly

reduced inducible enhancer function in the HL-60 cells, an
effect which was further enhanced by mutation of kB in com-
bination with the peri-kB(A) mutation (threefold activation of
the Dperi-kB(A) mutant compared with less than onefold ac-
tivation using the double mutant). Deletion of the peri-kB site
also resulted in significantly reduced enhancer function. Re-
sults similar to these were seen in transfection experiments
using the mature monocytic cell line THP-1, with mutations in
the peri-kB site leading to a marked reduction in the level of
PMA-induced enhancer function (data not shown). In the
U937 monocytic cell line, transfections using mutant Dperi-
kB(A) or Dperi-kB(B) alone had no effect on enhancer func-
tion (Fig. 3C), but when the plasmid containing both Dperi-
kB(A) and a mutated kB site was employed, activation
declined from 56-fold with the wild-type enhancer to only
2.5-fold. This decline represents a pronounced reduction in the
ability of PMA to activate the HIV-2 enhancer beyond that
seen with the kB site mutated alone: the HIV-2 enhancer was
activated 11.5-fold by PMA (4.8% acetylation) in experiments
using the single kB site mutant compared with an activation of
only 2.5-fold (2.4% acetylation) with both kB and peri-kB sites
mutated. These studies indicate that the peri-kB site is impor-
tant for the function of the HIV-2 enhancer in monocytes but
not in T cells.
The peri-kB site binds a specific nuclear factor(s) which is

different in monocytes and T cells. In order to further charac-
terize protein binding to the peri-kB site, EMSAs were per-
formed with a radiolabeled peri-kB site probe and nuclear
extracts from U937 and HL-60 cells, unstimulated or incubated
with PMA (Fig. 4). Binding characteristics were then com-
pared with those found in EMSAs which employed Jurkat
T-cell extracts. A specific complex was observed in extracts
from both unstimulated and PMA-induced U937 cells (Fig.

FIG. 2. DNase protection assays demonstrate a footprint immediately upstream of the kB site in the HIV-2 enhancer. DNase protection was performed as described
previously (15, 22, 49). The DNase protection assays were performed with 150 mg of unstimulated HeLa cell nuclear extract and an antisense strand probe (A), 25 mg
of U937 nuclear extract and a sense strand probe (B), and 1 or 25 mg of U937 nuclear extract and an antisense strand probe (C). The sequences of the peri-kB and
kB elements are shown below the gels, with dots indicating the bases which constitute the kB site and brackets indicating the protected bases. The probe used for Fig.
2B and C contained mutated kB and PuB2 sites. G, G ladder; F, free probe; B, bound probe.
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4A, lanes 1 and 2). This complex was significantly diminished
by competition with an excess of unlabeled peri-kB oligonu-
cleotide (lane 3) and to a lesser degree by the slightly shorter
peri-kB(C) oligonucleotide (lane 4) but not by the kB site, a
mutant kB site, or the PuB1 site of the HIV-2 enhancer (lanes
5 to 7). With HL-60 nuclear extracts, there was again a specific
complex seen which was almost completely eliminated by com-
petition with an unlabeled peri-kB site oligonucleotide (Fig.
4B, lanes 1 to 3). This complex was not significantly diminished
by unrelated competitor oligonucleotides (lanes 5 to 7). Ex-
periments employing Jurkat nuclear extracts showed a specific
nuclear factor–peri-kB complex as well (Fig. 4C). In addition,
in many (although not all) of the EMSA experiments using
U937 or HL-60 nuclear extracts but not in any experiments
using Jurkat extracts, the complex appeared much more prom-
inent following PMA treatment of the extracts (Fig. 4A and B,
lanes 2). This result suggests that in addition to the constitutive

binding seen in monocytes and T cells, additional binding ac-
tivity could be induced by PMA treatment of monocytes but
not T cells.
To examine whether these findings reflected what is occur-

ring in vivo, peripheral blood monocytes and T cells were
isolated and nuclear extracts from these cells were used to
perform EMSAs. A series of specific complexes was seen in
EMSAs using unstimulated peripheral blood monocytic nu-
clear extracts and the peri-kB probe (Fig. 5A). These com-
plexes were eliminated by competition with an excess of unla-
beled peri-kB oligonucleotide but not by a kB oligonucleotide.
EMSAs using peripheral T-cell nuclear extracts showed two
specific complexes which were significantly diminished by an
unlabeled peri-kB oligonucleotide but not by kB (Fig. 5B). Of
note, the pattern of DNA-protein binding was markedly dif-
ferent between the two cell types, suggesting the possibility of
binding by different cell-specific proteins or by a protein(s)
which is differentially modified in the two cell types, thus al-
tering the binding pattern. In addition, when peripheral blood
monocytes were activated with PMA and nuclear extracts from
these cells used in EMSAs, the pattern of DNA-protein bind-
ing was dramatically different from that seen in extracts from
resting monocytes (Fig. 5C), consistent with the EMSA data
from monocytic cell lines, suggesting that both constitutive and
inducible peri-kB binding activity is found in monocytes.

DISCUSSION

We have previously demonstrated that regulation of the
HIV-2 enhancer in both T cells and monocytes is dependent
upon conserved sequences in the LTR including kB, PuB1,
PuB2, and the pets site (35, 49, 51). We have now shown that

FIG. 3. Mutation of the peri-kB site disrupts HIV-2 enhancer activation in
monocytes but not in T cells. HIV-2/CAT constructs containing mutations in the
indicated sites were transfected into Jurkat T cells (A), HL-60 monocytic cells
(B), or U937 monocytic cells (C). Mutated sites are illustrated in Fig. 1A. The
bars represent percent conversion of chloramphenicol to its acetylated form
either in the absence (2) or presence (1) of PMA. Fold activation of the HIV-2
enhancer is derived from the ratio of acetylated chloramphenicol in PMA-
treated versus resting cells. Results shown are the averages of two (HL-60, U937)
or three (Jurkat) representative independent experiments. Experiments were per-
formed at least four times for each cell line. peri-kB DEL, peri-kB DEL(2111/2127).
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in addition to these cis-acting elements there is another func-
tional site, the peri-kB site, which mediates HIV-2 enhancer
activation in monocytic cells but not in T cells. Mutation of the
peri-kB site alone results in a marked reduction in inducible
enhancer function in HL-60 and THP-1 monocytic cells, and
mutation of the site in combination with a mutated kB site
causes significant disruption of enhancer activity in U937
monocytic cells. The observation that a single mutation in the
peri-kB site does not significantly reduce HIV-2 enhancer in-
duction in U937 cells is consistent with previous findings; we
have shown that disabling HIV-2 enhancer function in U937
cells appears to require mutation of more than one enhancer
element (35).
Through DNase protection analysis and EMSAs, we have

further demonstrated that the peri-kB site is bound specifically
by one or more nuclear factors (the peri-kB factor) found in
monocytes and T cells as well as HeLa cells. EMSAs using
peripheral blood monocyte nuclear extracts show several spe-
cific complexes. Whether these complexes represent binding of
multimeric forms or degradation products of a single protein
or binding of distinct proteins to the peri-kB site is unknown
and will require further investigation. Compatible with the
functional data, the binding pattern seen with T-cell nuclear
extracts is different from that seen with monocytic nuclear
extracts, and while binding activity is seen in resting monocytic
cells, greater activity as well as a change in the binding pattern
is seen following stimulation of peripheral blood monocytes
with PMA.
Additional studies will be needed to determine the identity

of the peri-kB factor. With the exception of a short motif in the
antisense strand (CTTTG), the peri-kB site bears little simi-
larity to the region upstream of kB in the HIV-1 enhancer
which is recognized by hLEF/TCF-1a (5, 70). Furthermore,
hLEF/TCF-1a appears to be specific to lymphoid cells, and the
factor recognizing the peri-kB site in the HIV-2 enhancer is
present in monocytes and HeLa cells in addition to T cells. A
search of the Transcription Factor Database (27) for similari-

ties between the sequence of the peri-kB site and sequences of
known transcription factor binding sites revealed some simi-
larity to two known binding sites. One of these sites is located
in the simian virus 40 enhancer and is known as the GT-IIB
motif (ACAGCTG; 72), and the other is present in a number
of cellular enhancers and binds helix-loop-helix proteins, and is
known as the E2-box sequence (RCAGNTG; 54). It is not yet
known whether the factors which bind these elements are sim-
ilar to the peri-kB factor.
A potential interaction of the peri-kB factor with NF-kB in

mediating transcriptional activation is suggested by several ob-
servations. The two enhancer sites lie in close proximity to one
another in the HIV-2 LTR, and DNase footprint analysis in
HeLa cells shows a footprint overlapping both the kB and
peri-kB sites. In addition, the synergistic decline in inducible
enhancer function seen when both the kB and peri-kB sites are
mutated in U937 cells gives weight to the notion that the
peri-kB factor and NF-kB may interact functionally. Of note,
subunits of NF-kB do not bind directly to the peri-kB site in
EMSAs (7).
We have demonstrated in EMSAs that DNA binding of the

peri-kB factor is partially inducible; there is binding in un-
stimulated monocytes and T cells, but enhanced binding is
usually seen in EMSAs using PMA-treated HL-60 and U937
nuclear extracts. Enhanced binding and an alteration in the
binding pattern are consistently seen in EMSAs using nuclear
extracts from PMA-treated peripheral blood monocytes. These
results suggest that cellular activation in monocytes causes a
posttranslational modification of the peri-kB factor and/or
an interaction of the peri-kB factor with additional cellular
proteins leading to enhanced binding and activation of tran-
scription. These findings would not be incompatible with a
posttranslational modification involving, for example, phos-
phorylation of the peri-kB factor. Alternatively or addition-
ally, an interaction between the peri-kB factor and another
cellular factor, such as NF-kB, might mediate transcrip-
tional activation.

FIG. 4. A nuclear factor(s) binds to the isolated peri-kB site in cell lines. EMSAs were performed with a peri-kB oligonucleotide probe (2111 to2137) and nuclear
extracts from either U937 (A), HL-60 (B), or Jurkat (C) cells prepared as described previously (14), which were unstimulated (2) or activated with PMA (1). Extracts
were incubated with the peri-kB probe alone (lanes 1 and 2) or in the presence of 20 ng of unlabeled competitor oligonucleotide (lanes 3 to 7). The competitor
oligonucleotides are sequences from the HIV-2 enhancer and include the unlabeled peri-kB site, a truncated peri-kB site (2111 to2135) indicated as (C) in the figure,
a kB oligonucleotide (293 to 2114), a mutated kB sequence (DkB) (Fig. 1A), and either a PuB1 site (2151 to 2182) in panels A and C or a sequence containing a
pets site and a mutated PuB2 site (Fig. 1A) (2131 to 2162) in panel B. The arrow in each figure indicates the specific DNA-peri-kB factor complex.
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The monocyte-specific function of the peri-kB factor is a
significant and unusual feature for an HIV transcriptional en-
hancer. In fact, such an enhancer element has not been de-
scribed previously for HIV-2 nor clearly shown for HIV-1.
Nakanishi et al. have described a cis-acting element in the
HIV-1 LTR, known as URE (which spans the site recognized
by hLEF/TCF-1a), which may have cell type-specific function
(57). However, the deletion of this element has resulted in only
a very modest decrease in transcription in MOLT-4 T cells and
U937 cells (4.3- and 1.6-fold, respectively), and an increase in
transcription in other T-cell lines (57). In addition, these stud-
ies employed large deletions of the HIV-1 LTR, a technique
which modifies the spatial orientation of the enhancer and
often removes multiple enhancer elements, making it difficult
to interpret the contributions of individual elements. Several
other studies have raised the possibility that another element
of the HIV-1 enhancer, the USF binding site, also acts in a cell
type-specific manner, but the data thus far appear contradic-
tory (45, 46, 53, 73). Recently, a negative regulatory element of
the HIV-2 LTR located upstream of the PuB and pets sites was
described, with its effects apparently cell line specific (4). These
experiments again used deletion rather than site-specific mu-
tants, and deletion of this site resulted in increased basal but
not inducible transcription of HIV-2/CAT constructs in CEM
cells. These effects were not seen in U937 cells or HeLa cells,
and they did not appear specific to T cells in general, as dele-

tion of this site in Jurkat T cells had minimal effect on the basal
level of transcription.
Given that the peri-kB factor is present at least in HeLa

cells, T cells, and monocytes, its differential function among
cell types cannot be explained on the basis of differential ex-
pression of a single DNA-binding protein. However, the means
by which the peri-kB factor acts in a cell type-specific manner
may be analogous to that described for the transcription factor
Oct-1. The ubiquitous Oct-1 is a transcriptional activator which
binds the octamer motif ATTTGCAT (for a review, see refer-
ence 40) and is involved in regulation of a histone H2B gene
and the constitutive expression of the small nuclear RNA
genes (19, 42). It has been demonstrated that the ability of
Oct-1 to induce high-level, octamer-dependent transcription of
immunoglobulin genes is dependent on the presence of a dis-
tinct B-cell-specific factor (47, 60), thus providing evidence
that interactions of cell type-specific cofactors with ubiquitous
transcription factors are a mechanism for tissue-specific func-
tion. The monocyte-specific activity of the peri-kB factor, then,
could be explained by its interaction with a cofactor whose
expression is restricted to monocytes.
The peri-kB site is an important element of the HIV-2 LTR.

While it binds one or more specific nuclear factors from both
T cells and monocytes, its functional activity is apparent in
monocytic cells but not T cells. The monocyte-specific function
of this element could be important for understanding the dif-

FIG. 5. Specific nuclear factors bind the peri-kB site in peripheral blood monocytes and T cells. EMSAs were performed as described in the legend to Fig. 4, using
the same probe and nuclear extracts from unstimulated peripheral blood monocytes (A) or peripheral blood T cells (B). Extracts were incubated with the peri-kB probe
alone (lanes 1 in panels A and B) or in the presence of 20 ng of unlabeled competitor oligonucleotide (lanes 2 and 3 in panels A and B). The competitor oligonucleotides
were an unlabeled peri-kB site and a kB oligonucleotide. (C) Nuclear extracts from either unstimulated peripheral monocytes (lane 1) or monocytes stimulated with
PMA (lanes 2 to 5) were incubated with the peri-kB probe alone (lanes 1 and 2) or in the presence of 20 ng of unlabeled peri-kB oligonucleotide (lane 3), kB
oligonucleotide (lane 4), or a mutated kB oligonucleotide (lane 5). The arrows in each figure indicate the specific DNA–peri-kB factor complexes from uninduced (A
and B) or induced (lanes 2 to 5 in panel C) cell extracts.
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ferent roles monocytes and T cells play in HIV pathogenesis.
Further studies, including purification and cloning of the
peri-kB factor, are in progress and should allow a more defin-
itive understanding of the function of the peri-kB factor in
activating HIV-2 transcription, its interaction with other cellu-
lar factors, and perhaps its role in normal monocyte physiol-
ogy.
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alé, I. Ndoye, S. Mboup, and M. Essex. 1994. Reduced rate of disease
development after HIV-2 infection as compared to HIV-1. Science 265:
1587–1590.

53. Moses, A. V., C. Ibanez, R. Gaynor, P. Ghazal, and J. A. Nelson. 1994.
Differential role of long terminal repeat control elements for the regulation
of basal and Tat-mediated transcription of the human immunodeficiency
virus in stimulated and unstimulated primary human macrophages. J. Virol.
68:298–307.

54. Murre, C., A. Voronova, and D. Baltimore. 1991. B-cell and myocyte-specific
E2-box-binding factors contain E12/E47-like subunits. Mol. Cell. Biol. 11:
1156–1160.

55. Myers, G., S. F. Josephs, J. A. Berzofsky, A. B. Rabson, T. F. Smith, and F.
Wong-Stall (ed.). 1992. Human retroviruses and AIDS 1992. Los Alamos
National Laboratory, Los Alamos, N.Mex.

56. Nabel, G., and D. Baltimore. 1987. An inducible transcription factor acti-
vates expression of human immunodeficiency virus in T cells. Nature (Lon-
don) 326:711–713.

57. Nakanishi, Y., Y. Masamune, and N. Kobayashi. 1991. A novel cis-acting
element that controls transcription of human immunodeficiency virus type 1
DNA, depending on cell type. J. Virol. 65:6334–6338.

58. Orenstein, J. M., M. S. Meltzer, T. Phipps, and H. E. Gendelman. 1988.
Cytoplasmic assembly and accumulation of human immunodeficiency virus
types 1 and 2 in recombinant human colony-stimulating factor-1-treated
human monocytes: an ultrastructural study. J. Virol. 62:2578–2586.

59. Pantaleo, G., C. Graziosi, J. Demarest, L. Butini, M. Montroni, C. H. Fox,
J. M. Orenstein, D. P. Kotler, and A. S. Fauci. 1993. HIV infection is active
and progressive in lymphoid tissue during the clinically latent stage of dis-
ease. Nature (London) 362:355–358.

60. Pierani, A., A. Heguy, H. Fujii, and R. G. Roeder. 1990. Activation of

octamer-containing promoters by either octamer-binding transcription fac-
tor 1 (OTF-1) or OTF-2 and requirement of an additional B-cell-specific
component for optimal transcription of immunoglobulin promoters. Mol.
Cell. Biol. 10:6204–6215.

61. Poli, G., P. Bressler, A. Kinter, E. Duh, W. C. Timmer, A. Rabson, and J. S.
Justement. 1991. Interleukin 6 induces human immunodeficiency virus ex-
pression in infected monocytic cells alone and in synergy with tumor necrosis
factor alpha by transcriptional and post-transcriptional mechanisms. J. Exp.
Med. 172:151–158.

62. Queen, C., and D. Baltimore. 1983. Immunoglobulin gene transcription is
activated by downstream sequence elements. Cell 33:741–748.

63. Ruef, C., P. Dickey, C. A. Schable, B. Griffith, A. E. Williams, and R. T.
D’Aquila. 1989. A second case of the acquired immunodeficiency syndrome
due to human immunodeficiency virus type 2 in the United States: the
clinical implications. Am. J. Med. 86:709–712.

64. Saksela, K., C. Stevens, P. Rubenstein, and D. Baltimore. 1994. Human
immunodeficiency virus type 1 mRNA expression in peripheral blood cells
predicts disease progression independently of the numbers of CD41 lym-
phocytes. Proc. Natl. Acad. Sci. USA 91:1104–1108.

65. Schrier, R. D., J. A. McCutchan, J. C. Venable, J. A. Nelson, and C. A. Wiley.
1990. T-cell-induced expression of human immunodeficiency virus in mac-
rophages. J. Virol. 64:3280–3288.

66. Singh, H., R. Sen, D. Baltimore, and P. Sharp. 1986. A nuclear factor that
binds to a conserved motif in transcriptional control elements of immuno-
globulin genes. Nature (London) 319:154–158.

67. Thompson, C. B., C.-Y. Wang, I.-C. Ho, P. R. Bohjanen, B. Petryniak, C. H.
June, S. Miesfeldt, L. Zhang, G. J. Nabel, B. Karpinski, and J. M. Leiden.
1992. cis-acting sequences required for inducible interleukin-2 enhancer
function bind a novel Ets-related protein, Elf-1. Mol. Cell. Biol. 12:1043–
1053.

68. Tong-Starksen, S. E., T. M. Welsh, and B. M. Peterlin. 1990. Differences in
transcriptional enhancers of HIV-1 and HIV-2. Response to T cell activation
signals. J. Immunol. 145:4348–4354.

69. Wang, C.-Y., B. Petryniak, I.-C. Ho, C. B. Thompson, and J. M. Leiden. 1992.
Evolutionarily conserved sub-families of ets proteins display distinct DNA
binding specificities. J. Exp. Med. 175:1391–1399.

70. Waterman, M. L., and K. A. Jones. 1990. Purification of TCF-1a, a T-cell-
specific transcription factor that activates the T-cell receptor Ca gene en-
hancer in a context-dependent manner. New Biol. 2:621–636.

71. Wiley, C. A., R. D. Schrier, J. A. Nelson, P. W. Lampert, and M. B. A.
Oldstone. 1986. Cellular localization of human immunodeficiency virus in-
fection within the brains of acquired immune deficiency syndrome patients.
Proc. Natl. Acad. Sci. USA 83:7089–7093.

72. Xiao, J. H., I. Davidson, D. Ferrandon, R. Rosales, M. Vigneron, M. Macchi,
F. Ruffenach, and P. Chambon. 1987. One cell-specific and three ubiquitous
nuclear proteins bind in vitro to overlapping motifs in the domain B1 of the
SV40 enhancer. EMBO J. 6:3005–3013.

73. Zeichner, S. L., J. Y. H. Kim, and J. C. Alwine. 1991. Linker-scanning
mutational analysis of the transcriptional activity of the human immunode-
ficiency virus type 1 long terminal repeat. J. Virol. 65:2436–2444.

4862 CLARK ET AL. J. VIROL.


