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Activation of Human Monocyte-derived Macrophages
with Lipopolysaccharide Decreases Human Immunodeficiency Virus
Replication In Vitro at the Level of Gene Expression

Michael S. Bernstein, Sandra E. Tong-Starksen, and Richard M. Locksley
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Abstract

Activation of T lymphocytes infected with the human immuno-
deficiency virus-1 (HIV-1) results in enhancement of viral repli-
cation mediated in part by activation of cellular NFxB capable
of binding directly to sequences in the viral long terminal re-
peat, or LTR. Together with CD4+ T cells, macrophages con-
stitute a major target for infection by HIV-1. Unlike lympho-
cytes, however, stimulation of mononuclear phagocytes is not
associated with cell division and proliferation. Human mono-
cyte-derived macrophages transfected with HIV-LTR-CAT
constructs demonstrated down-regulation of CAT activity after
stimulation with bacterial lipopolysaccharide (LPS) that
mapped to a region distinct from NF«xB binding sites. In con-
trast, fresh monocytes and the promonocytic U937 cell line
both demonstrated up-regulation of HIV-LTR-CAT expres-
sion by LPS. Differentiation of U937 by PMA to establish a
nondividing phenotype resulted in down-regulation of trans-
fected HIV-LTR-CAT activity by LPS similar to that in ma-
ture macrophages. Human monocyte—derived macrophages in-
fected with HIV-1 in vitro demonstrated a decrease in viral p24
release after incubation in LPS that was comparable to the
negative regulation that occurred in the transient transfection
assays. Factors controlling HIV replication may differ in divid-
ing and nondividing hematopoietic cells and may contribute to
restricted viral expression in nondividing cells. (J. Clin. Invest.
1991. 88:540-545.) Key words: U937 cells « LTR ¢ transfection
« endotoxin » NFxB

Introduction

Activation of T lymphocytes infected with HIV with a variety
of stimuli, including phorbol esters, lectins, and signalling
through the T cell receptor, results in enhanced viral replica-
tion eventually associated with destruction of these cells in vi-
tro and their depletion in vivo (1-4). Posttranscriptional induc-
tion of cellular nuclear factor xB (NF«B)' after activation may
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1. Abbreviations used in this paper: CAT, chloramphenicol acetyltrans-
ferase; LTR, long terminal repeat; NF«B, nuclear factor «B; tat, HIV-1
transactivating protein; TAT, plasmid encoding SV-40 promoter—
HIVgp, tat genes.
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be primarily responsible for viral replication due to the pres-
ence of two repeated NF«B binding domains within the HIV-1
promoter (5-9), although additional promoter elements have
been described (10-12). Activation by cytokines, particularly
TNF-a, has also been demonstrated to result in enhancement
of HIV replication and induction of NF«B (13-16).

Unlike CD4+ T lymphocytes, macrophages sustain pro-
longed periods of infection by HIV with significantly less cyto-
pathology and cell death (17-20). The mechanisms underlying
these differences remain unknown. Studies with the promono-
cytic U937 and monocytic THP-1 (21-24) cell lines have dem-
onstrated that activation using LPS or TNF-a resulted in en-
hanced HIV replication, a process that correlated with activa-
tion of NFxB (24). Although mature monocytes and
macrophages were shown to express NFxB constitutively (6),
the effects of stimulation of mature primary monocyte-derived
macrophages on HIV replication have not been systematically
assessed. The data presented here suggest that these cells, un-
like T lymphocytes or monocytoid cell lines that undergo repli-
cation, down-regulate HIV expression after cellular activation.

Methods

Cell culture. Macrophages were derived from peripheral blood mono-
cytes as previously described (25). Mononuclear cells from normal
blood donors were separated over Ficoll-Hypaque gradients, washed,
suspended in RPMI 1640 supplemented with antibiotics, 10% heat-in-
activated FCS, and 5% heat-inactivated, HIV- and HBV-seronegative,
pooled human AB serum (Gemini Bioproducts, Inc., Calabasas, CA),
and incubated in 150-mm polystyrene dishes for 3 h. Dishes were
washed with warm HBSS to remove nonadherent cells and repleted
with fresh media. The following day, plates were washed extensively,
covered with cold Ca**, Mg** free HBSS, placed on ice, and scraped to
recover the adherent cell population. Cells were washed, resuspended
in RPMI containing 10% human serum and 5% FCS, and placed in
polytetrafluorethylene (Teflon; Savillex Corp., Minneapolis, MN) jars
at a concentration of 1 X 10° cells/ml. Cells were maintained in suspen-
sion culture with media changed at 5-7-d intervals. Experiments were
conducted on individual donors that were maintained in separate sus-
pension cultures. In designated experiments, monocytes were purified
by adherence and scraping on the day they were obtained from donors,
and used immediately in transfection experiments. In selected experi-
ments, macrophages cultured long-term were further purified by com-
plement depletion of contaminating T lymphocytes. Cells (1.5 X 107)
were incubated at 4°C for 1 h with anti-CD2 (Anti-Leu-5b, mouse
IgG,,; Becton-Dickinson Co., Mountain View, CA) and anti-CD3
(OKT 3, mouse IgG,,; American Type Culture Collection, Rockville,
MD) monoclonal antibodies, washed, and incubated at 37°C for 1 h
with rabbit complement (Cedarlane, Ontario, Canada). Cell prepara-
tions were > 92% macrophages and < 0.5% T lymphocytes as assessed
by fluorescence (anti-CD 14, anti-CD3 monoclonal antibodies; Becton-
Dickinson Co.) and size analysis (FACScan; Becton-Dickinson Co.).
Promonocytic U937 cells were grown in RPMI 1640 supplemented
with antibiotics and 10% heat-inactivated FCS. The cells were differen-
tiated to a nondividing, macrophagelike phenotype by incubation in



100 ng/ml phorbol 12-myristate 13-acetate (PMA; Sigma Chemical
Co., St. Louis, MO) for 72 h. The cells, which were loosely adherent,
were collected after brief incubation in cold, Ca** Mg**-free media.

Cell culture reagents contained < 10 pg/ml of detectable endotoxin
as assessed using the limulus amebocyte lysate assay (Sigma Chemical
Co., St. Louis, MO).

Plasmid constructions. The LTR-CAT plasmid contains the HIV-1
LTR derived from HIVgg, positioned upstream of the chloramphenicol
acetyltransferase (CAT) gene (26). TAT is a plasmid containing the
synthetic HI Vg tat gene positioned downstream of the SV40 early pro-
moter (26). pPKBm-CAT (gift of Dr. G. Nabel, University of Michigan,
Ann Arbor, MI) contains substitution mutations of three nucleotides in
each NF«B binding domain of the HIV-1 enhancer precluding NFxB
binding (13). Plasmids p —156/+185 CAT (4) and p —121/+232 CAT
(gift of Dr. D. Capon, Genentech, Inc., South San Francisco, CA) (27)
are 5' deletion mutants of the HIV LTR. Plasmid pCH110 contains the
Escherichia coli lac Z gene, encoding B-galactosidase, expressed by the
SV-40 early promoter (Pharmacia, Inc., Piscataway, NJ). Plasmid
pHIV lac Z contains the HIV-1 LTR positioned upstream of the E. coli
lac Z gene (gift of Dr. Joseph Maio, AIDS Research and Reference
Reagent Program, NIAID, NIH) (28). pCAT-Control contains the
CAT gene positioned downstream of the SV-40 early promoter and
enhancer (Promega Biotec, Madison, WI).

Transfections and LPS stimulation. Fresh monocytes or monocyte-
derived macrophages (12-14 d in suspension culture) from individual
donors were transfected by electroporation using a Bio-Rad Gene
Pulser (Bio-Rad Laboratories, Richmond, CA). For each transfection,
250 pl cells at a concentration of 1.3 X 107 cells/ml were combined with
40 pg/ml of each plasmid indicated and subjected to 300 V at 960 xF in
cuvettes with pre- and postelectroporation incubations on ice for 10
min. After transfection, cells were diluted in fresh culture media
(RPMI 1640 with 10% human serum, 5% FBS, and antibiotics) to a
density of 10° cells/ml and incubated 24 h in the absence or presence of
LPS (E. coli 055:BS5; Sigma Chemical Co.) in 5% CO, at 37°C. In each
experiment, cells transfected with identical plasmids were either elec-
troporated in one cuvette or mixed before LPS exposure to eliminate
transfection efficiency as a determinant of CAT activity. U937 cells in
logarithmic growth phase were transfected with LTR-CAT and TAT in
similar fashion except that media contained 10% FBS and no human
serum.

CAT assays. Cells were harvested and lysed, and CAT activity was
determined according to standard methods (29). Assays were per-
formed in a 200-xl volume containing 0.1 xCi (3.7 kBq) '“C-chloram-
phenicol, 4 mM acetyl-coenzyme A, 0.25 M Tris-HCI (pH 7.4), and an
appropriate amount of cell lysate. Protein concentration of the cell
extracts was quantitated using the Bradford assay (30) (Bio-Rad Labora-
tories, Inc., Richmond, CA) and used to normalize the quantity of
lysate added within a single experiment. CAT activity was determined
by measuring the amount of “C-chloramphenicol converted to acety-
lated chloramphenicol after separation by thin layer chromatography.
Conversion was quantitated by liquid scintillation counting. Experi-
ments were repeated as necessary adjusting protein concentration and
duration of incubation to maintain acetylation in the linear range.

Transfections were performed between three and 10 times and re-
sults are reported as either representative experiments or as the arithme-
tic mean of differences in acetylation+SEM.

Assay for B-galactosidase in situ. Cells were transfected with con-
structs containing the /ac Z reporter gene using the same methods of
electroporation. Cells were incubated for 24 h and spun onto micro-
scope slides using a Cytospin cytocentrifuge (Shandon, Inc., Pittsburg,
PA). Slides were fixed in 50% vol/vol acetone:methanol, air dried, and
stained with a solution composed of 1 mg/ml 5-bromo-4-chloro 3-in-
doyl-8-D-galactopyranoside (X-gal), 3.3 mM potassium ferricyanide,
3.3 mM potassium ferrocyanide, and 1.5 mM magnesium chloride in
PBS, pH 7.4. Slides were incubated 24-48 h in a 37°C humidified 5%
CO, incubator and examined by microscopy. Blue-colored cells were
counted microscopically to determine transfection efficiency. Cells
stained for 8-galactosidase expression were further counterstained with

a-naphthyl acetate esterase (kit No. 91-A, Sigma Chemical Co.) which
produces dark granules specifically in monocyte-macrophages.

HIV infection of macrophages and LPS stimulation. After 3 d in
suspension culture, macrophages were infected with HIV-1 strain,
HIVyy, at a multiplicity of one (1 X 10° 50% tissue culture infective
doses/ml) for 48 h, washed, and incubated in fresh media as described
(25). At day 13, equivalent numbers of infected macrophages from a
single donor were placed in media containing 1 ug/ml LPS or control
media for 5 h, washed extensively, and resuspended in fresh media. At
24 or 96 h, cell-free culture supernatants were harvested and assayed
for HIV p24 core antigen by ELISA (DuPont Co., Wilmington, DE).
Supernatants were also assayed for infectivity by a limiting dilution
syncytia assay using the T-cell lymphoma line VB (31). Briefly, 2 X 10*
VB cells in a 100-ul volume were added to wells of 96-well culture
plates. Cell-free supernatants were added to VB cells in threefold dilu-
tion to 378, with each dilution assayed in triplicate. Wells were visually
scored for the presence of syncytia after 5-7 d.

Results

HIV-1 LTR-directed gene expression in primary monocyte-de-
rived macrophages. After 10-14 d in culture, monocyte-de-
rived cells expressed the phenotype of mature macrophages
and were in the resting state as assessed by the absence of IL-1
or TNF protein in the media and the absence of IL-1 mRNA as
measured by Northern analysis (25). Conditions necessary to
optimize transient transfections by electroporation were first
established by varying voltage and capacitance during electro-
poration. A constitutively expressed SV-40 promoter-3-galac-
tosidase construct was used to allow the direct visualization of
transfected cells by staining for 8-galactosidase and counter-
staining with a-naphthyl acetate esterase, a monocyte-macro-
phage marker. Under the conditions described (300 V, 960 uF;
Methods), ~ 1:500-1:1,000 cells expressed B-galactosidase
after transfection, and all transfected cells expressed the macro-
phage esterase marker and had the typical morphology of mac-
rophages (data not shown). These experiments demonstrated
the ability to establish consistent SV-40-directed gene expres-
sion in primary macrophages. Tat, the HIV-1 transactivating
protein, has been demonstrated to stabilize message elongation
and increase transcriptional initiation by the LTR (1, 2). An
SV-40-tat construct was cotransfected with a plasmid contain-
ing the HIV-1 LTR upstream of the B-galactosidase gene
(pHIV lac Z) to test transfection efficiency in macrophages
under these conditions. When cotransfected with an SV-40-tat
construct, ~ 1:150-1:300 cells expressed p-galactosidase
driven by the HIV LTR, as assessed by direct microscopic ex-
amination.

Monocyte-derived macrophages were transfected using
HIV-1 LTR-CAT gene constructs using the same conditions.
Cotransfection using a plasmid encoding tat expressed by the
SV-40 early promoter was performed where designated to opti-
mize CAT activity. After transfection, macrophages were incu-
bated in media alone or in the indicated amounts of LPS for 24
h, harvested by centrifugation, lysed, and assayed for CAT ac-
tivity. In some experiments, 14-d cultured macrophages were
subjected to two cycles of incubation with anti-CD2 and anti-
CD3 monoclonal antibodies plus complement before transfec-
tion; analysis of these cell preparations by FACS demonstrated
that 92-96% of cells were macrophages as assessed by size,
staining for CD14 and nonspecific esterase, and the absence of
T cells as assessed by anti-CD3, -CD4, and -CDS8 staining.
Transfection of these highly purified macrophages resulted in
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marked transactivation by tat and almost complete suppres-
sion of HIV-directed CAT expression by LPS (Fig. 1). Basal
HIV-LTR-directed CAT activity varied among donors, al-
though cotransfection with tat consistently resulted in aug-
mented CAT expression that ranged from 3- to 10-fold. Compa-
rable results were obtained in donors in which complement
depletion was not used to remove T lymphocytes remaining at
14 d in culture. Whether the HIV-LTR-CAT was transfected
alone or with SV-40-tat, however, LPS down-regulated CAT
activity in all donors, and a dose-dependent relationship could
be demonstrated (Fig. 2). In 10 individual transfections of dif-
ferent donor cells, 1 ug/ml LPS decreased LTR-directed CAT
expression 42+8.3% (mean+SEM). Incubation in LPS had no
effect on CAT expression in macrophages transfected with a
constitutively expressed SV-40-CAT plasmid (data not shown).

Fresh monocytes were transfected the same day they were
prepared from donors with the HIV-LTR-CAT and SV-40-tat
plasmid constructs and assayed using the same conditions. In
contrast to the cultured macrophages, fresh monocytes in-
creased LTR-directed CAT expression after activation with
LPS by a mean of 3.55-fold+0.43 (Fig. 3).

LTR-directed gene expression in U937 cells. Prior investi-
gations have documented that increased viral production oc-
curs after activation of macrophagelike cell lines, including
U937 and THP-1 (21-24). In agreement with these reports,
stimulation of U937 cells cotransfected with the HIV-LTR-
CAT and SV-40-tat constructs using LPS resulted in a dose-de-
pendent increase in CAT activity (Fig. 4). In five transfections,
a 1 ug/ml dose of LPS induced an 8.8+1.4-fold (mean+SEM)
increase in CAT activity. U937 cells were next transfected with
these constructs using the same conditions 3 d after incubation
with PMA. Such treatment resulted in cessation of growth as
assessed by the failure to incorporate *H-thymidine (data not
shown) and the acquisition of a mature phenotype as described
(6, 32, 33). In contrast to resting U937 cells, the differentiated
U937 cells responded to LPS activation by down-regulation of
CAT activity mediated by the HIV LTR (Fig. 4). In three trans-
fections, the mean decrease in CAT activity after LPS incuba-
tion was 39+6.4% (mean+SEM). Addition of PMA to undiffer-
entiated U937 cells immediately before transfection did not
abrogate the upregulation of LTR-directed CAT expression.

LPS - -+

Figure 1. LPS decreases
HIV-LTR-directed gene ex-
pression in macrophages.
Monocyte-derived macro-
phages were transfected
with plasmids containing
HIV-LTR-CAT or with
SV40-TAT and incubated
24 h in the absence or pres-
ence of 1 ug/ml LPS. Cell
lysates were harvested and
assayed for CAT activity

by thin layer chromatogra-
phy. This experiment is
representative of compara-
ble transfections using three
different donors.

LTR-CAT + + +
TAT -+ o+
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Figure 2. Dose-response inhibition of HIV-LTR-directed gene ex-
pression by LPS. Monocyte-derived macrophages.were transfected
with HIV-LTR-CAT and SV40-TAT constructs and incubated in
LPS over a dose range of 1 to 0.01 ug/ml. CAT activity is expressed
graphically as percent acetylation of '*C-chloramphenicol after sepa-
ration by thin layer chromatography and scintillation counting. The
experiment shown is representative of three comparable transfections
from different donors.

Mapping the LPS-responsive element with mutated LTR
constructs. A series of 5’ deletion constructs of the HIV LTR
linked to CAT was used to map the LPS-responsive element
(Fig. 5). The mutated constructs were co-transfected with the
SV40-TAT plasmid into 14-d cultured macrophages and CAT
activity measured after incubation with or without LPS. Al-
though the —156/+185 construct maintained the LPS re-
sponse, a —121/+232 construct resulted in loss of negative regu-
lation, suggesting that the LPS responsive sequences lie be-
tween nucleotides —156 and —121 in the viral LTR. A
construct containing substitution mutations within both NFxB
binding sites in the HIV enhancer still responded to negative
regulation by LPS. CAT expression in cells transfected with
LTR-CAT alone (Fig. 5, lanes I and 2) or cotransfected with
SV40-TAT (Fig. S, lanes 3 and 4) were both decreased by 57%,
indicating that the LPS effect is independent of tat.

LPS regulation of whole virus production in macrophages.
To assess the capacity of macrophage stimulation by LPS to
negatively regulate whole virus production, monocyte-derived
macrophages were infected with HIV-1 as previously described

LTR-CAT TAT LPSug/mi

T T T T
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0 20 40 60 80 100
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Figure 3. LPS enhancement of HIV-LTR-directed gene expression in
fresh monocytes. Freshly purified peripheral blood monocytes were
transfected with HIV-LTR-CAT and SV40-TAT constructs and in-
cubated in LPS at concentrations shown. CAT activity was assayed
after 24 h incubation. The experiment shown is representative of three
transfections from different donors.
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Figure 4. LPS regulation of HIV-LTR-directed gene expression in
nondifferentiated and PMA-differentiated U937 cells. Nondifferen-
tiated (m) or differentiated, mature, nondividing (&) U937 cells
(Methods) were transfected with HIV-LTR-CAT (LTR) and SV40-
TAT (TAT) constructs and incubated in LPS over a dose range of
10 t0 0.001 ug/ml. CAT activity after 24 h incubation was determined
following chromatography and scintillation counting and is expressed
as percent acetylation. The experiment is representative of five inde-
pendent transfections.

1
100

(25) and maintained in culture for 10-14 d. Cells were washed
and incubated in media alone or with 1 ug/ml LPS for 5 h,
washed extensively, and resuspended in fresh media. Immedi-
ately after washing, supernatant p24 assayed by ELISA was
< 0.8 ng/ml and was comparable between control and LPS-sti-
mulated cells (Fig. 6). 24 or 96 h after incubation, cells treated
with LPS-containing media released ~ 50% less p24 antigen
than matched cells incubated in control media. Comparable
results were obtained in experiments from eight individual do-
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Figure 5. Transfection of macrophages with mutated HIV-LTR con-
structs. The schematic below the figure depicts the full-length HIV-
LTR-CAT plasmid and the mutated plasmid constructions. Plasmid
pKBm has mutations in both NFxB binding sites, plasmids —156/
+185 and —121/+232 are 5’ deletions of the LTR. Macrophages were
transfected with the designated plasmids and divided into equal ali-
quots that were incubated with or without 1 ug/ml LPS for 24 h. The
transfection shown is representative of three independent experiments
using different donors.
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Figure 6. Effect of LPS activation on viral p24 production by HIV-
infected macrophages. Monocyte-derived macrophages infected with
HIV for 2 wk were washed and equivalent numbers of cells from
single donors were placed in media with or without 1 xg/ml LPS for
5 h, washed, and resuspended in fresh media. At 0, 24, or 96 h, cell
free culture supernatants were harvested and assayed for HIV p24
core antigen by ELISA. Four of eight comparable experiments using
different donor macrophages are depicted.

nors with a mean decrease in p24 antigen of 53+7%. There was
no toxicity to macrophages exposed to LPS as assessed by try-
pan blue staining. Virus produced by the infected macrophages
was fully infectious for T cell lines. Supernatants obtained 24—
96 h after incubation from six of the same donors were assayed
quantitatively for infectivity using a limiting dilution syncytia
forming assay. Supernatants from the six pairs of infected mac-
rophages were three- to fourfold more infectious (mean,
3.67+0.67) by syncytia formation after incubation in media
alone than following exposure to LPS.

Discussion

The data presented indicate that mature, monocyte-derived
macrophages can be studied for regulation of HIV gene expres-
sion by transient transfection assays and that these cells appear
to down-regulate LTR-directed expression in response to acti-
vation by LPS. In contrast, freshly isolated monocytes up-regu-
lated LTR-directed gene expression after exposure to LPS. In
agreement with the findings of other investigators (24), LPS
was a potent stimulator of HIV gene expression in promonocy-
tic U937 cells, similar to the enhancement observed in T cells
after activation. However, when U937 cells were differentiated
to a mature, nondividing phenotype, LPS activation resulted in
down-regulation of LTR-directed gene expression comparable
to that observed in macrophages. These findings suggest that
the capacity of HIV to use cell activation signals to enhance
viral replication may correlate with the maturational pheno-
type of the cell and/or the ability of the cell to enter a replicative
cycle. '

T lymphocytes activated through the antigen receptor (1-4)
and monocyte cell lines stimulated with bacterial LPS (24) en-
hance HIV replication primarily by the activation of the cellu-
lar transcription factor NFxB. Monocyte-macrophages do not
divide significantly after activation, and thus differ from lym-
phocytes or surrogate cell lines like U937 or THP-1. As shown
here using transient transfections of primary monocyte-de-
rived macrophages, stimulation of these cells with LPS resulted
in consistent down-regulation of HIV-LTR-directed CAT gene
expression. Transfection of these cells by electroporation re-
sulted in a transfection efficiency of 1:150-1:300 cells, and
whether extrapolation to the entire population of macrophages
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is warranted is not known. The fact that comparable results
were obtained in transfections from 10 different donors and
that similar levels of down-regulation (~ 50%) occurred in the
release of p24 antigen from cells infected 10-14 d with whole
virus, suggests that this is a general and reproducible phenome-
non in macrophages. Further, the disparate results using U937
cells in either the undifferentiated or differentiated state paral-
leled the results using fresh monocytes or cultured macro-
phages and suggests that cellular regulators of transcription
available to the virus may differ significantly depending on the
maturational state of the cell. The reports that macrophage
growth factors such as GM-CSF, M-CSF, and IL-3 may en-
hance HIV replication in mononuclear phagocytes (34) sug-
gests that activation of replication pathways in these cells may
also be associated with viral stimulation. Similarly, myeloid
progenitor cells from normal human bone marrow are readily
infected with HIV in vitro (35) and bone marrow samples from
AIDS patients have demonstrated highest levels of HIV gene
expression in myeloid precursor cells (36).

The disparate regulation of viral gene expression after acti-
vation of mature mononuclear phagocytes as compared with
lymphocytes may be relevant to the capacity of macrophages to
resist cytopathic effects of HIV and act as a prolonged reservoir
for virus. Macrophages with suppressed viral production may
be able to escape recognition and destruction by immune de-
fenses. Recent evidence suggests that these cells maintain their
function as antigen presenting cells, which may be important
in the direct transmission of HIV to CD4+ T cells (37). It
remains unknown whether induction of cytokines from macro-
phages by LPS may indirectly mediate or contribute to the
observed negative regulation. Interferon-a has been shown to
restrict HIV expression in infected monocytes (38), whereas
IL-6 and TNF-a positively regulated HIV expression in mono-
cytic cell lines (39), and functioned in an autocrine or paracrine
fashion to augment virus production by infected T lympho-
cytes (14-16, 22, 39). The capacity for LPS to up-regulate HIV
expression in U937 and THP-1 cell lines was demonstrated to
occur comparably in the absence or presence of neutralizing
anti-TNF antibody, suggesting that LPS independently acti-
vates cellular NF«B (24). The effects of cytokines or cytokine
antibodies in modulating the effects reported here will require
further investigation.

Prior studies by others have reported the ability of pretreat-
ment with LPS to induce a nonpermissive state in macro-
phages subsequently exposed to HIV (40). The studies reported
here demonstrate that activation of chronically infected macro-
phages results in a decrease in viral replication that was compa-
rable in magnitude to a direct negative effect on the HIV pro-
moter as assessed in a transient transfection assay. The negative
regulation by LPS was independent of tat, and could be
mapped to a 35-nucleotide region in the HIV LTR. This area is
at the 3' boundary of a previously described negative regulatory
element (1, 41, 42) and adjacent to an 11 nucleotide sequence
capable of binding a cellular 50-kD protein that serves as a
transcriptional silencer (43). Mikovits et al. recently reported a
subset of HIV-infected monocytic THP-1 cells that demon-
strated restricted HIV expression apparently due to blocking of
DNA binding complex formation with the LTR, thus interfer-
ing with transcription initiation (23). This effect may be due to
active repression by a novel DNA-binding factor and was not
seen in cells with true latent infection.

Decreased HIV-1 gene expression after LPS-induced acti-

544 M. S. Bernstein, S. E. Tong-Starksen, and R. M. Locksley

vation could be mediated by stabilization of transcriptional
repressors, induction of additional negative binding elements,
or decreased production of enhancers of transcription. More
complex mechanisms by which positive or negative regulatory
effects may be evoked from a specific DNA sequence have
recently been elucidated (44). Protein—protein interactions be-
tween transcriptional regulatory factors in addition to DNA
binding effects may permit opposite outcomes on gene expres-
sion after exposure to a given extracellular stimulus, depending
on the phenotypic context of the cell. The differential responses
to LPS activation by monocytes and macrophages or by undif-
ferentiated and differentiated U937 cells may provide a model
to investigate the restricted expression of HIV-1 observed in
monocyte/macrophages and contribute to our understanding
of the long period of disease latency observed after this infec-
tion.
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