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Up-regulation of HIV coreceptors CXCR4 and CCR5 on CD4
T cells during human endotoxemia and after stimulation with
(myco)bacterial antigens: the role of cytokines

Nicole P. Juffermans, William A. Paxton, Pascale E. P. Dekkers, Annelies Verbon, Evert de Jonge,
Peter Speelman, Sander J. H. van Deventer, and Tom van der Poll

Concurrent infections in patients with hu-
man immunodeficiency virus (HIV) infec-
tion stimulate HIV replication. Chemokine
receptors CXCR4 and CCR5 can act as
HIV coreceptors. The authors hypoth-
esized that concurrent infection increases
the HIV load through up-regulation of
CXCR4 and CCR5. Using experimental
endotoxemia as a model of infection,
changes in HIV coreceptor expression
were assessed in 8 subjects injected with
lipopolysaccharide (LPS, 4 ng/kg). The
expression of CXCR4 and CCR5 on CD4  +
T cells was increased 2- to 4-fold, 4 to 6

dependent increase in the expression
of CXCR4 and CCR5 on CD4 * T cells.
Similar changes were observed after
stimulation with cell wall components of
Mycobacterium tuberculosis  (lipoarabin-
nomannan) or Staphylococcus aureus
(lipoteichoic acid), or with staphylococ-
cal enterotoxin B. LPS increased viral
infectivity of CD4-enriched peripheral
blood mononuclear cells (PBMCs) with a
T-tropic HIV strain. In contrast, M-tropic
virus infectivity was reduced, possibly
because of elevated levels of the CCR5

ligand cytokines RANTES and MIP-1 .

TNF and anti-IFN v. Incubation with recom-
binant TNF or IFN y mimicked the LPS
effect. Anti—interleukin 10 (anti—IL-10) re-
duced CCR5 expression, without influenc-
ing CXCRA4. In accordance, rlL-10 induced
up-regulation of CCR5, but not of CXCRA4.
Intercurrent infections during HIV infec-
tion may up-regulate CXCR4 and CCR5
on CD4+ T cells, at least in part via the
action of cytokines. Such infections may
favor selectivity of HIV for CD4 * T cells
expressing CXCR4. (Blood. 2000;96:
2649-2654)

hours after LPS injection. In whole blood
in vitro, LPS induced a time- and dose-

LPS-stimulated up-regulation of CXCR4

and CCRS5 in vitro was inhibited by anti- © 2000 by The American Society of Hematology

Introduction

During the course of human immunodeficiency virus (HIVwith a sharp decline in the number of peripheral CDH#cells 16
infection, concurrent infections stimulate viral replication. Replicandicating that disease progression can correlate with HIV corec]
tion of HIV-1 is enhanced in HIV-infected patients with activetor type.
tuberculosis, returning to baseline after tuberculostatic treathfent. Recently, a number of studies have indicated that an |ncreasg in
Also, a number of other infectious diseases often encounter€XCR4 and CCRS5 expression is associated with an enhanced egltry
during the course of HIV infection has been reported to accelerateHIV-1 into cells of the immune systeft2! We hypothesized &
HIV replication3-6 Lipopolysaccharide (LPS), the major cell wallthat during concurrent infection, invading microorganisms or thelr
component of gram-negative bacteria, and staphylococcal antigamgsigens up-regulate HIV coreceptors on CDHcells, resulting in
stimulate HIV expression in vitré® Together, these data suggesan increase in HIV replication. To test this hypothesis, we stud
that concurrent infection offers an advantage to HIV-1 to infe¢he expression of CXCR4 and CCR5 on CDZ cells in the
cells and to replicate. well-defined model of human endotoxerfiand after in vitro

Chemokines are chemotactic proteins that direct leukocytesit@ubation with a lipid glycoprotein cell wall component of
the site of inflammation. Chemokine receptors CXCR4 and CCR#ycobacterium tuberculosidipoarabinomannam, LAY a cell
can act as HIV coreceptors, together with CD4, and are essentialell component oStaphylococcus aureispoteichoic acid, LTA
viral entry into cells>13 Individuals with a homozygous defect inand staphylococcal enterotoxin B (SEB). The association of HQ\/
CCRS5 are less susceptible to HIV-1 infection, suggesting a key ratereceptor expression and HIV infectivity was examined by measuhg
for this receptor in HIV-1 pathogenests!®> Macrophage (M)- replication of T- and M-tropic viruses in LPS-stimulated CBghriched %
tropic HIV-1 isolates use CCR5 as coreceptor early in the courseptipheral blood mononuclear cells (PBMCs). Because cytokines intlu-
HIV infection, whereas T-cell tropic viruses use CXCR4 for entrgnce HIV-1 replicatiod®2* we also determined the role of important
into CD4" T cells, typically in a later stage of infection. An proinflammatory and antiinflammatory cytokines with the use of
expansion of receptor use to include CXCR4 has been associatedtralizing antibodies and recombinant products.

p-

96/;m-e|0!u9/p00|qneu'suouEO!|qndL4SE//:duu wouy papeojumoq

d

Jpd 67920FBI0Z8Y!/!

uo jsenb

From the Laboratory of Experimental Internal Medicine, the Department of
Internal Medicine, Division of Infectious Diseases, Tropical Medicine and AIDS,
the Department of Human Retrovirology, the Department of Intensive Care
Medicine, Academic Medical Center, University of Amsterdam, Amsterdam, the
Netherlands.

Submitted January 12, 2000; accepted June 14, 2000.

Supported by grants from the “Mr. Willem Bakhuys Roozeboom” Foundation to
N.P.J. and the Royal Dutch Academy of Arts and Sciences to W.A.P. and
T.v.d.P.

BLOOD, 15 OCTOBER 2000 - VOLUME 96, NUMBER 8

Reprints: Tom van der Poll, Laboratory of Experimental Medicine, Room G2-
132, Academic Medical Center, Meibergdreef 9, 1105 AZ Amsterdam, The
Netherlands; e-mail: t.vanderpoll@amc.uva.nl.

The publication costs of this article were defrayed in part by page charge
payment. Therefore, and solely to indicate this fact, this article is hereby
marked “advertisement” in accordance with 18 U.S.C. section 1734.

© 2000 by The American Society of Hematology

2649


https://crossmark.crossref.org/dialog/?doi=10.1182/blood.V96.8.2649&domain=pdf&date_stamp=2000-10-15

2650 JUFFERMANS etal BLOOD, 15 OCTOBER 2000 « VOLUME 96, NUMBER 8

Viral TCID 5o determination and in vitro HIV-1 infection

Patients, materials, and methods Viral stocks grown on PBMCs were assayed for their tissue culture
infectious dose 50% per milliliter (TCI§) values on CD#-enriched
lymphocytes isolated from fresh buffy coats by standard Ficoll-Hypaque
Eight healthy HIV-negative male subjects, age=23 years (mean SE), density centrifugation. PBMCs were activated witlng§/mL PHA (Sigma
were admitted to the clinical research unit of the Academic Medical Cent&hemical, St Louis, MO) and cultured in RPMI media containing 10% fetal
after documentation of good health by history, physical examinatiofalf serum (FCS) (Bio Whittaker), penicillin (100 U/mL), and streptomycin
hematologic and biochemical screening, chest radiographs, and electroEHp9 U/mL) with 100 U/mL IL-2 (Chiron, Amsterdam, The Netherlands).
diogram. The participants did not smoke, used no medication, and had A8 day 4 of culture, the cells underwent a CDghrichment by incubating
febrile illness within 2 weeks before start of the study. The study wa¥ith CD8 immunomagnetic beads (Dynal) and separating out the*CD8
approved by the institutional research and ethics committees and writt¥fiPhocytes. CD4-enriched lymphocytes were plated ak210° cells per
informed consent was obtained from all subjects before enrollment. Apell in 96-well plates with 5-fold serial dilutions of the virus. The wells
volunteers received a bolus intravenous injection of LPS (fEswherichia  Were fed on day 7 with fresh media and scored on day 14 for p24 levels and
coli, lot G, US Pharmacopeial Convention, Rockville, MD) at a dose of the number of positive wells identified. This figure was used to determine
ng/kg body weight. Venous blood samples were obtained directly before ¢ TCIDso value for each virus. For the HIV-1 in vitro infectivity assay,
injection of LPS and 1, 2, 4, 6, and 24 hours thereafter. Blood was collectef4 -enriched lymphocytes were generated as described above. On day of

in heparin-containing vials and processed for flow cytometry immediatefjfection, the CD4-enriched cells were treated either with or without LP§
100 ng/mL) and cultured for 8 hours at 37°C, after which a T-tropic
molecular cloned virus (LAI) and an M-tropic molecular cloned virug
(SF162) were used to infect the cells. Infections were performed uﬁg
Heparinized whole blood was prepared for fluorescence-activated céifold limiting dilutions of the virus, starting at 240 TCipdown to 1 §
sorter (FACS) analysis as follows. Erythrocytes in 4.5 mL whole bloo@CIDso. After a 2-hour incubation period, the cells were spun and wastied
were lysed with bicarbonate-buffered ammonium chloride solution (pBl times and fed with fresh RPMI media containing IL-2. The cultur&s
7.4). Leukocytes were recovered after centrifugation at 1450 rpm forvgere carried for 10 days and fed with fresh IL-2 containing media on d?s
minutes and counted. TheX 10° cells were resuspended in phosphate4, 7, and 10. Viral replication was monitored on day 10 by the use ofa
buffered saline containing EDTA 100 mmol/L, sodium azide 0.1%, angtandard p24 antigen enzyme-linked immunosorbent assay (ELISAEas
bovine serum albumin 5% (cPBS) and placed on ice. Triple staining wRgeviously describeé?

obtained by incubation for 1 hour with direct-labeled antibodies CD3-PE,

CD4-Cy (both from Coulter Inmunotech, Marseille, France) and eithgfnzyme-linked immunosorbent assay
CXCR4-FITC or CCR5-FITC (R&D Systems, Abingdon, United King-

dom). Nonspecific staining was controlled for by incubation of cells witRANTES, MIP-l, and MIP-B were measured with ELISA (all 2
FITC-labeled mouse IgG2 (Coulter Imnmunotech). Cells were then wash#8M R&D Systems) according to the instructions of the manufactu
twice in ice-cold cPBS and resuspended for flow cytofluorometric analysifie detection limits of assays were 31.5 (MIR-1RANTES) and
(Calibrite; Becton Dickinson Immunocytometry Systems, San Jose, CA)2-6 pg/mL (MIP-B).

At least 10 000 lymphocytes were counted. Data on mean cell fluorescence

intensity (MCF) are represented as the difference between MCF intensit@stistical analysis

of specifically stained cells and nonspecifically stained cells. Data on the

number of positive cells were obtained by setting a quadrant marker fofl values are given as meansSEM. In vivo data were analyzed by 1-wayg
nonspecific staining. analysis of variance. Data of in vitro stimulations of whole blood a@

end-point viral dilutions required to establish infection of Chdnriched
lymphocytes in vitro were analyzed using the Wilcoxon t&st. .05 was
considered statistically significant.

For each experiment, blood was collected from 6 healthy subjects using a

sterile collecting system consisting of a butterfly needle connected to=
syringe (Becton Dickinson, Mountain View, CA) and incubated at 37°C f

8 hours. Anticoagulation was obtained using heparin (Leo Pharmaceut(ijgfesuItS
Products, Weesp, The Netherlands; final concentration 10 U/mL bloo
Whole blood was added to sterile polypropylene tubes and diluted 1:1 Wlé
RPMI 1640 (Bio Whittaker, Verviers, Belgium). LPS (froincoli serotype
0111: B4; Sigma, St Louis, MO) was added for the time course (10 ng/mH-
and dose-response study. In separate experiments, LAM (mannose-cap.

In vivo study

Flow cytometry
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In vitro studies

IV coreceptor expression on circulating CD4  * T cells
uring human endotoxemia
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ection of LPS was associated with transient influenza-like symptoms,

isolated and prepared froM tuberculosisstrain H37Rv), kindly provided %C?uq'g%gfgiag gf‘CCh"IIS_' V?mlt'n%'$§|9'3' anccij fevgr (peak te_m;iﬁra-
by J. T. Belisle (Colorado State University, Fort Collins, CO, undewres' ’ :3°C). Injection o Induced a decrease In the

National Institutes of Health Contract NO1-A1-75320), LTA or SEB (botﬁ“"mb(:"r of lymphocytes (from 16 0.1t0 0.3+ 0.0 X 10%/L at 4 hours,
from Sigma Chemical, St Louis, MO) were added at a concentration Bf= :048). The fraction of CD4T cells decreased from 41:13.9% to

1 pg/mL. Whole blood was also stimulated with LPS (10 ng/mL) in the28.4=+ 5.7% at 4 hoursK = .05). Intravenous LPS induced an increase
presence of a neutralizing mouse antihuman tumor necrosis factor (TNRthe expression of CXCR4 on circulating CD% cells, peaking after
monoclonal antibody (mAb, MAK 1958, kindly provided by Knoll, 4 hours (MCF:from 43.8 11.7 at baseline to 1872 32.1;P = .001),
Ludwigshafen, Germany), a neutralizing mouse antihuman interferonand returning to the initial level of expression after 24 hours (Figure 1).
monoclonal antibody (IFN mAb), a neutralizing mouse antihumann aqgition, the fraction of CD4 T cells expressing CXCR4 also

interleukin 10 (IL-10) mAb (both R&D systems), or an isotype-matchefhcreased significantly, peaking after 6 hours (from 9:3%8% at
mouse IgG (Central Laboratory of the Netherlands Red Cross BIO%%seIine to 42.6% 9.7%:;P = .002). LPS elicited an up-regulation of
Transfusion Service [CLB], Amsterdam, The Netherlands). The concent ) N ’ ’

ra- . . .
tion of all antibodies was 1fag/mL. Whole blood was also incubated with 8CR5 on circulating CD4 T cells ,(MCF' from 40.1* 15.2 10
recombinant () TNF (Knoll), FIFN, or rIL-10 (both CLB, all 10 ng/mL). /9-4% 16.5at6 hourd? = .01), returning to baseline after 24 hours. In

In addition, CD4 -enriched PBMCs were stimulated with PHA for 6 days contrast, the fraction of CCRS-positive CDZ cells did not change
after LPS (10 ng/mL) was either added or omitted for 24 hours. FACEter injection with LPS. To determine whether the increase in'CD4
analysis was performed in whole blood and PBMCs as described above.cells positive for CXCR4 or CCR5 was not due to a relative loss of
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Figure 1. Up-regulation of CD4 * T-cell surface CXCR4 and CCRS5 after intrave -
nous injection of LPS (4 ng/kg) into 8 subjects.
difference between specific and nonspecific mean cell fluorescence (MCF) and as
fraction of positive CD4" T cells. Lower panels are histograms showing the mean
channel fluorescence of CD4* T cells positive for CXCR4 or CCR5 in a representa-

tive volunteer before and 6 hours after receiving LPS.

returned to baseline at 24 hours.

HIV coreceptor expression on CD4

+

stimulation with (myco)bacterial agents

T cells after whole blood

Data expressed as mean (SE)

HIV CORECEPTORS DURING HUMAN ENDOTOXEMIA

CXCR4

CCR5

2651

204

0 Ong 1ng 10ng 100 ng 1000 ng

30

20

mmﬁﬂ

t=0 Ong 1ng 10ng 100ng 1000 ng

fraction of positive CD4" T cells

—— LPS
sses RPMI

hours

Figure 2. Up-regulation of the fraction of CD4
CCRS after stimulation with LPS.

hours

* T cells expressing CXCR4 and
Upper panels: whole blood was stimulated for 8

hours with different concentrations of LPS. Lower panels: whole blood was stimulated

with LPS (10 ng/mL) for different periods.

developed with CD#-enriched PBMCs. As in whole blood, LP

1%01} papeojumoq

induced an increase in the fraction of CD4#ells expressing 2
CXCR4 (from 20.9% at baseline to 49.9% after addition of LP;%.
Control: 22.3%) and CCR5 (from 9.6% at baseline to 37.8% afger
addition of LPS. Control: 14.2%:; results from one representatgl{e
experiment of 3 separate experiments). Infectivity of LPS-treatjbd
and nontreated CD4enriched PBMCs was determined using both
the T-tropic (LAI) and M-tropic (SF162) molecular cloned viruses
at limiting dilutions of infectivity and determining viral p243
production on day 10 of culture. Because the virus was washedmut
CD4" T cells negative for CXCR4 or CCRS5 from the circulation durin® hours after infection, our assay monitors the infectability éf
endotoxemia, we analyzed the MCF on HIV-coreceptor—positive'CD4£D4+ cells during this period. With the T-tropic virus, an increasg
T cells before and after LPS administration. LPS resulted in an increasehe infectivity of the CD4-enriched population was observed i

in the MCF of CXCR4 on CXCR4-positive T cells from 115:212.2 at  the presence of LPS with a lower TGPrequired to establish§
baseline to 325.4 13.1 at 6 hours. The MCF of CCR5 on CCRSinfection than in cultures to which no LPS was added (Figure @)
positive CD4 T cells showed an increase 6 hours after LPS injectionhis increase in T-tropic HIV infectivity coincided with thed
(from 91.9+ 13.8 to 232.2+ 32.3). MCF of both HIV coreceptors enhancement of CXCR4 cell surface expression. In contrast, §he
M-tropic virus (SF162) showed an increase in the level of virgs
required to establish infection on the LPS-treated Geariched £

cells in comparison to cells that were not treated with LPS (Fig&e
4). This decrease in M-tropic infectivity was despite the increas%in

Having established that LPS causes an increase in the expressioﬁ%‘RS cell surface expression. These results were reproducedgin a

CXCR4 and CCRS5 on circulating CD4T cells, we performed a
dose response and time course study of this effectin whole blood in
vitro (Figure 2). Both HIV coreceptors were up-regulated after =

CXCR4

8-hour stimulation with LPS, which lasted for 24 hours (CXCR4) " :

or even 48 hours (CCR5). Because the in vivo effect of LPS was £,
present at 6 hours, we chose to perform additional experiments'g-’w
with the 8-hour incubation period. A dose of 10 ng/mL induced §*
significant up-regulation of both receptors. When higher doses
were used, no additional effect was seen (Figure 2). Next, we
sought to determine whether other bacterial products also up- ,*°
regulate HIV coreceptors. For this purpose whole blood was
incubated with LAM (a cell wall component d¥l tuberculosis)
LTA (a cell wall component oS aureus)or SEB (a superantigen
produced byS aureus)All 3 agents induced an up-regulation of

CXCR4 and CCR5 on CDHAT cells (Figure 3.

HIV coreceptor expression and HIV replication
in peripheral blood mononuclear cells
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Figure 3. Up-regulation of CD4 * T-cell surface CXCR4 and CCR5 after whole
blood stimulation with 1 g/mL of LAM, LTA, or SEB for 8 hours. *P < .05

compared with incubation of whole blood with medium (RPMI) alone. Before:
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SF162 (M-tropic) LAI (T-tropic) versus incubation with LPS and an irrelevant antibody for both).
Donor A Anti—IL-10 did not influence the expression of CXCR4. Similarly,
1000000 1000000 the LPS-induced up-regulation of CCR5 expression was partially
T oo 100000 inhibited by anti-TNF and by anti-IF) although these effects
2 m L0000 were more modest than for CXCR#& € .028 andP = .046,
L 1000 respectively, vs incubation with LPS and an irrelevant antibody).
1 106 Anti—IL-10 tended to reduce the LPS effect. To further examine the
20 64 16 4 1 20 64 16 4 1 role of cytokines in the absence of LPS stimulation, whole blood
was incubated with either rTNF, rIFN or rIL-10. In accordance
Donor B with the inhibiting effect of anti-TNF and anti-IF expression of
1000000 100000000 CXCR4 was up-regulated by rTNF or rIRN(P =.03 and
= 10000 P = .021, respectively, vs RPMI), whereas rIL-10 had no effect on
E o0 1000000 CXCR4. Recombinant TNF or rIFNinduced expression of CCR5
g: - 10000 on CD4" T cells to a lesser extenP(= .03 vs RPMI for both). In
contrast to the absence of an IL-10 effect on CXCR4, rIL-10
. " up-regulated CCR5 on CD4T cells P =.021 compared
240 64 16 4 1 240 64 16 4 1 W|th RPMI) %
Doner C g
e Discussion 2
g 10000 10000 -_FE_'
gg 100 100 Concurrent infections in patients with HIV are associated with &n

increase in HIV replicatioh® and an enhanced susceptibility oﬁ_
immune cells for HIV infectior?” The chemokine receptorss
240 64 16 4 40 64 16 4 1 CXCR4 and CCR5 serve as coreceptors for HIV entry in CD4 3
cells. We used the model of intravenous LPS administration&o
. . . o,
healthy subjects to test the hypothesis that intercurrent febgile
Figure 4. Infectivity of CD4 *-enriched PBMCs with an M-tropic (SF162, left diseases may result in enhanced HIV rep|ication through @p_
panels) and a T-tropic (LAI, right panels) virus. PBMCs were treated for 8 hours : : : I
without LPS (black bars) or with 100 ng/mL LPS (shaded bars) before being infected reQU|atlon of HIV Cor_eceptors on CIrCUIatlng C_:DI cells. lndeEd’ g
for 2 hours with 4-fold limiting dilutions of virus. After infection the cells were washed ~ W€ found that during human endotoxemia, both the surf%e
and cultured for an additional 10 days and viral infection was monitored by p24  expression of CXCR4 and CCR5 per CDZ cell, as well as the
production. Results of experiments with cells from 3 different donors are shown. fraction of CD4' T cells expressing CXCRA4. increased in perip@
eral blood. Stimulations of whole blood in vitro with antigen§
. . . derived fromM tuberculosisandS aureusnduced similar changesg
total of 4 experiments in 3 different donors; for donor C the . . 9 g
. . o . Th CXCR4 and CCR5 expression on CDZ cells. The heightened®
experiment was performed twice with similar results. Comparison . . . ) . >
: . I . o ; Expression of CXCR4 correlated with an increase in the infecta§l-
of end-point viral dilutions required to establish infection o

+_ . . - . 2 o
CD4-enriched PBMCs in the presence or absence of LPS, revea{F dOf CI.D4 gnrl_ched PBMCs with a T-tropic HIV-1 m_oIecu_Ia@
oned virus in vitro. In contrast, CCR5 surface expression did 3ot

an increased infectivity with T-'[.I’OpIC.VI-FUS n the presence of LP result in an increased HIV infectability pattern but rather wgs
with a concurrently decreased infectivity with M-tropic virus (bmhassociate d with a decrease in replication of an M-tropic HIVEL
P = .011 for the difference between with or without LPS). Because Q
it has been previously shown that LPS-treated macrophages can

secrete elevated levels of chemokines, we wished to determine CXCR4 CCRS
whether an enhancement in the secretion of RANTES, MiP-1 60+ 30-
and MIP-18 could explain the reduction in M-tropic viral infectiv-

ity. The levels of these chemokines were measured in supernatan
of LPS-stimulated and nonstimulated CDénriched lymphe
cytes. LPS induced an increase in the concentration of MiP-1
(14.6 vs 6.8 ng/mL in non-LPS stimulated cells) and RANTES
(3322 vs 1661 pg/mL ml in non-LPS stimulated cells) but not
of MIP-1a.
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Role of cytokines in HIV coreceptor up-regulation
on CD4* T cells

w
=

Both intercurrent infections and experimental endotoxemia result s g BEE o]
in an enhanced cytokine production. We studied the role of TNF, e me s

_ ; i igure 5. Role of TNF, IFN, and IL-10 in LPS effects on CXCR4 and CCR5
IFN'Y’ and IL-10 in the LPS-induced effects on HIV COreceptogxpression on CD4 * T cells. Whole blood was incubated with LPS (10 ng/mL) and

expression (Figure 5)- Therefore, whole blood was incubated Wmokine or control (10 pg/mL) mAbs or recombinant cytokines (10 ng/mL) for 8
LPS in the presence of an irrelevant antibody, or a neutralizimgurs. Upper panels: effect of anti-TNF, anti-IFNy, and anti—IL-10 on LPS-induced
antibody against either TNE IFN or IL-10. The LPS-induced effects. *P < .05 compared with LPS+1gG (irrelevant control). Lower panels: effects

. . ' L of recombinant TNF, IFNvy, and IL-10. Data represent the fraction of CD4* T cells that
up-regulation of the fraction of CD4T cells positive for CXCR4 ) b

. e ) ) stained positive for either CXCR4 or CCRS5. Similar results were obtained for either
was partially inhibited by anti-TNF and by anti-IfFN(P = .028 cXCR4 or CCRS. *P < .05 compared with RPMI.
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strain. Therefore, pathogens commonly found in HIV-infectegteps (unlike with FACS analysis), during which CC chemokine
patients may increase viral burden in blood by up-regulation ahd chemokine receptor patterns may alter, thereby obscuring the
CXCR4. Moreover, intercurrent infections may contribute to thgue in vivo picture. Nonetheless, these studies could provide
selection of CXCR4-using viruses during the course of diseaB@ther support for our hypothesis.

progression. The precise mechanism for the observed up-regulation is

The human endotoxemia model has some limitations. Intraverknown. Presumably, immune activation and subsequent cytokine
nous injection of LPS induces a short-lasting febrile illness and aecretion modulate HIV diseaseTNF is reported to stimulate
associated transient inflammatory response. In addition, the moY/ expression in cell culture¥;3* as well as in specific T-cell
uses the circulation as the body compartment to which the stimulirses 236 and during concurrent infectio.IFNy induced CCR5
is administered and in which the responses are measured. Hencexipression in a monocytic cell line, resulting in enhanced HIV
this study the up-regulation of HIV coreceptors was transient, jushtry® Moreover, it was found that anti-IFNor anti-TNF can
like the experimentally induced illness, and HIV coreceptdslock HIV production in IL-2 stimulated PBMCs in vitr. This
expression was only measured on CD# cells derived from points toward an important role for these proinflammatory cyto-
peripheral blood, the body compartment that was challenged wkimes in HIV expression. In this study, LPS-induced up-regulation
LPS. Presumably, similar changes in HIV coreceptor expressioiCXCR4 and CCR5 on CDHAT cells was attenuated by anti-TNF
can be observed for longer periods and in other compartmerdsad anti-IFNy. Furthermore, rTNF and rlFN increased the g
when clinical diseases are studied. Of special interest is the findifngction of CD4" T cells expressing CXCR4 and CCR5. Overal?_,
that macrophages may act as a reservoir for HIV during concurresytokine modulation of CXCR4 expression was more evident thén
infections?® Moreover,M avium a pathogen commonly found in of CCR5. Taken together, these data indicate that TNF angdy IF%I
HIV patients, has been found to increase CCR5 expression andy induce HIV expression through up-regulation of HI\%
stimulate HIV production within macrophag#s. coreceptors.

The effect of LPS on HIV coreceptors in vivo was most evident for |L-10 is the most important antiinflammatory cytokine prc;.\*
CXCR4. This is in agreement with HIV coreceptor expression afluced in the endotoxemia modéllt has been reported that IL- 1(E
macrophages after LPS stimulatfin"CXCR4 expression correlated enhances CCR5, but not CXCR4 expression on monocyges
with infectability of PBMCs with T-tropic strains, thereby supportlng;orre|at|ng with an increase in HIV expressigilso in a T cell ;
the idea that concurrent infections increase CXCR4 expression din@, IL-10 synergized with TNF in enhancing HIV transcripti#h. 3
subsequent HIV replication. In contrast, CCR5 expression did nple examined the effect of anti—IL-10 on LPS-induced ng?
correlate with an increase in replication of an M-tropic HIV strain. It hasoreceptor expression. Similar to the effect on monocytes, IL 30
been shown that LPS induces production of CC-chemokines that inhjafluenced CCR5, but not CXCR4 on CBAT cells, ie, rIL-10
HIV replication in T lymphocytes in vitrd? In accordance, the LPS up-regulated CCR5 expression, whereas anti—IL-10 attenuaed
stimulation of CD4-enriched cells resulted in the higher production of PS-induced CCR5 up-regulation. It is speculative why IL-10 o
RANTES and MIP-1. Also, during LPS-induced human endotoxemigxerts effect on CCR5. Considering the important role of IL-10 @
production of CC-chemokines is known to be enharféétence, the mucosal diseasé8,it was suggested that IL-10 maintains CCR§
net effect of LPS or other bacterial products on CCR5 expression asi¢pression in mucosal tissues, facilitating primary HIV infecibn &
production of CCRS blocking ligands in vivo remains to be determined. |In summary, (myco)bacterial antigens increased the expresﬁon
The HIV isolates associated with viral transmission and found eagy CXCR4 and CCR5 on circulating CD4 cells in humans and |noo
after infection are predominantly those which utilize the CCRS5 corecegghole blood through direct antigenic stimulation of CXCR4 arﬁj
tor. In patients with an advanced stage of disease, a switch in rece@@@R5 on CD4 T cells, as well as indirect stimulation of thes§
use from CCR5 to CXCR4 is often obsenédjiggesting that not only receptors via cytokines. Expression of CXCR4 correlated with-@n
the extent of expression but also the type of HIV coreceptor modulaiggrease in T-tropic HIV replication. Expression of CCR5 did ngt
the course of HIV infection. Antigens from microorganisms ofte@orrelate with M-tropic replication, possibly because of the prodtﬁp
causing disease during an HIV infection heighten the susceptibility @bn of blocking CC chemokines by bacterial products. TherefoEE
macrophages to T-tropic HIV-1 in vit@.It has been proposed that aconcurrent infections during the course of an HIV infection may
more favorable environment for T-tropic HIV-1 may result in virainduce a favorable environment for T-tropic viral strains. HI§
transition of M-tropic to T-tropic HIV-1 phenotype, associated withtoreceptors, considered targets for HIV therépyay be impor §
disease progressiéhindeed, because T-tropic but not M-tropic replicatant determinants of the course of an HIV infection. Close
tion was associated with enhanced HIV coreceptor expression, bactejigleillance and aggressive treatment of intercurrent disease in

antigens may be involved in the emergence of X4 anckRbvariants.  H|V-infected patients is implicated. For some pathogens, adequate
It should be noted that we did not directly test our hypothesigtibiotic prophylaxis may reduce the HIV load.

that endotoxemia increases the susceptibility of CD4cells to

HIV infection. For this, HIV infectability of CD4 T cells obtained

before and 4 to 6 hours after endotoxin injection should have been

determined. Such studies are difficult to perform, however, consiA-cknOW|edgment

ering the fluctuation in CD4 counts after LPS treatment, and the

fact that the cells would need to go through multiple processingfe thank Moustapha Chalaby for excellent technical assistance.
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