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Abstract t 

Concurrentt infections in patients with human immunodeficiency virus (HIV) 
infectionn stimulate HTV replication. Chemokine receptors CXCR4 and CCR5 can act 
ass HIV coreceptors. We hypothesized that concurrent infection increases the HIV 
loadd through upregulation of CXCR4 and CCR5. Using experimental endotoxemia as 
aa model of infection, changes in HIV coreceptor expression were assessed in 8 
subjectss injected with lipopolysaccharide (LPS, 4 ng/kg) from a Gram-negative 
bacteria.. The expression of CXCR4 and CCR5 was increased 2-4 fold, 4 to 6 hours 
afterr LPS injection. In whole blood in vitro, LPS induced a time- and dose dependent 
increasee in the expression of CXCR4 and CCR5 on CD4+ T cells. Similar changes 
weree observed after stimulation with cell wall components of Mycobacterium 
tuberculosistuberculosis (Lipoarabinomannan) or Staphylococcus aureus (lipoteichoic acid), or 
withh staphylococcal enterotoxin B. LPS increased viral infectivity of PBMCs with a 
T-tropicc HIV strain. In contrast, M-tropic virus infectivity was reduced, possibly due 
too elevated levels of the CCR5 ligand cytokines RANTES and MlP-lfJ. LPS-
stimulatedd upregulation of CXCR4 and CCR5 in vitro was inhibited by anti-TNF and 
anti-IFNY.. Incubation with recombinant TNF or IFNy mimicked the LPS effect. Anti-
IL-100 reduced CCR5 expression, without influencing CXCR4. In accordance, rIL-10 
inducedd upregulation of CCR5, but not of CXCR4. Intercurrent infections during 
HIVV infection may upregulate CXCR4 and CCR5 on CD4+ T cells, at least in part 
viaa the action of cytokines. Such infections may favor selectivity of HIV for CD4+ T 
cellss expressing CXCR4. 
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Introductio n n 

Duringg the course of HIV infection, concurrent infections stimulate viral replication. 

Replicationn of HIV is enhanced in HIV infected patients with active tuberculosis, 

returningg to baseline after tuberculostatic treatment [1, 2]. Also, a number of other 

infectiouss diseases often encountered during the course of HIV infection has been 

reportedd to accelerate HIV replication [3-6]. LPS, the major cell wall component of 

gram-negativee bacteria, and staphylococcal antigens stimulate HIV expression in 

vitroo [7, 8]. Together, these data suggest that concurrent infection offers an 

advantagee to HIV to infect cells and to replicate. 

Chemokiness are chemotactic proteins which direct leukocytes to the site of 

inflammation.. Chemokine receptors CXCR4 and CCR5 can act as HIV coreceptors, 

togetherr with CD4, and are essential for viral entry into cells [9-13]. Individuals with 

aa homozygous defect in CCR5 are less susceptible to HIV-1 infection, suggesting a 

keyy role for this receptor in HIV-1 pathogenesis [14, 15]. Macrophage (M)-tropic 

HIVV isolates use CCR5 as coreceptor early in the course of HIV infection, whereas 

T-celll  tropic viruses use CXCR4 for entry into CD4+T cells, typically in a later stage 

off  infection. An expansion of receptor use to include CXCR4 has been associated 

withh a sharp decline in the number of peripheral CD4+ T cells [16], indicating that 

diseasee progression can correlate with HIV coreceptor type. 

Recently,, a number of studies has indicated that an increase in CXCR4 and CCR5 

expressionn is associated with an enhanced entry of HIV into cells of the immune 

systemm [17-21]. We hypothesized that during concurrent infection, invading 

microorganismss or their antigens upregulate HIV coreceptors on CD4+ T cells, 

resultingg in an increase in HIV replication. To test this hypothesis, we studied the 

expressionn of CXCR4 and CCR5 on CD4+ T cells in the well-defined model of 

humann endotoxemia [22] and after in vitro incubation with a lipid glycoprotein cell 

walll  component of Mycobacterium tuberculosis (lipoarabinomannan, LAMj , a cell 

walll  component of Staphylococcus aureus (lipoteichoic acid, LTAj and 

staphylococcall  enterotoxin B (SEB). The association of HIV coreceptor expression 

andd HIV infectivity was examined by measuring replication of T- and M-tropic 

virusess in LPS-stimulated CD4+ enriched PBMCs. Since cytokines influence HIV 

replicationn [23, 24], we also determined the role of important pro- and anti-

inflammatoryy cytokines with the use of neutralizing antibodies and recombinant 

products. . 
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Methods s 

InIn vivo study. Eight healthy male subjects, age 23  1 years (mean  SE), were 
admittedd to the clinical research unit of the Academic Medical Center, after 
documentationn of good health by history, physical examination, hematological and 
biochemicall  screening, chest X-ray and electrocardiogram. The participants did not 
smoke,, used no medication and had no febrile illness within two weeks prior to start 
off  the study. The study was approved by the institutional research and ethics 
committeess and written informed consent was obtained from all subjects prior to 
enrollment.. All volunteers received a bolus intravenous injection of LPS (from 
EscherichiaEscherichia coli, lot G, U.S. Pharmacopeia] Convention, Rockville, MD) at a dose of 
44 ng/kg body weight. Venous blood samples were obtained directly before the 
injectionn of LPS and 1, 2, 4, 6 and 24 hours thereafter. Blood was collected in 
heparinn containing vials and processed for flow cytometry immediately. 

FlowFlow cytometry. Heparinized whole blood was prepared for fluorescence-activated 
celll  sorter (FACS) analysis as follows. Erythrocytes in 4,5 ml whole blood were 
lysedd with bicarbonate buffered ammonium chloride solution (pH 7.4). Leukocytes 
weree recovered after centrifugation at 1450 rpm for 5 minutes and counted. 1 x 106 

cellss were resuspended in phosphate-buffered saline containing EDTA lOOmM, 
sodiumm azide 0.1% and bovine serum albumin 5% (cPBS) and placed on ice. Triple 
stainingg was obtained by incubation for 1 hour with direct labeled antibodies CD3-
PE,, CD4-Cy (both from Coulter Immunotech, Marseille, France) and either CXCR4-
FTTCC or CCR5-FITC (R&D Systems, Abingdon, United Kingdom). Nonspecific 
stainingg was controlled for by incubation of cells with FLTC-labelled mouse IgG2 
(Coulterr Immunotech). Cells were then washed twice in ice cold cPBS and 
resuspendedd for flow cytofluorometric analysis (Calibnte; Becton Dickinson 
Immunocytometryy Systems, San Jose, CA). At least 10,000 lymphocytes were 
counted.. Data on mean cell fluorescence intensity (MCF) are represented as the 
differencee between MCF intensities of specifically stained cells and nonspecificaily 
stainedd cells. Data on the number of positive cells were obtained by setting a 
quadrantt marker for nonspecific staining. 

InIn vitro studies. For each experiment, blood was collected from six healthy subjects 
usingg a sterile collecting system consisting of a butterfly needle connected to a 
syringee (Becton Dickinson, Mountain View, CA) and incubated at 37°C for 8 hours. 
Anticoagulationn was obtained using heparin (Leo Pharmaceutical Products, Weesp, 
thee Netherlands; final concentration 10 U/ml blood). Whole blood was added to 
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sterilee polypropylene tubes and diluted 1:1 with RPMI 1640 (Bio 
Whittaker,Verviers,, Belgium). LPS (from Escherichia coli serotype 0111: B4; 
Sigma,, St Louis, MO) was added for the time course (10 ng/ml) and dose-response 
study.. In separate experiments, LAM (mannose-capped, isolated and prepared from 
M.M. tuberculosis strain H37Rv), kindly provided by J.T. Belisle (Colorado State 
University,, Fort Collins, CO, under National Institutes of Health Contract NOl-Al -
75320),, LTA or SEB (both from Sigma Chemicals Co, St. Louis, MO) were added at 
aa concentration of 1 u,g/ml. Whole blood was also stimulated with LPS (10 ng/ml) in 
thee presence of a neutralizing mouse anti-human TNF monoclonal antibody (mAb, 
MAKK 195F, [25], kindly provided by Knoll, Ludwigshafen, Germany), a neutralizing 
mousee anti-human IFNy mAb, a neutralizing mouse anti-human IL-10 mAb (both 
R&DD systems) or an isotype-matched mouse IgG (Central Laboratory of the 
Netherlandss Red Cross Blood Transfusion Service (CLB), Amsterdam, the 
Netherlands).. The concentration of all antibodies was 10 u.g/ml, and whole blood 
wass incubated with recombinant (r) TNF (Knoll), rlFNy, or rIL-10 (both CLB, all 10 
ng/ml).. In addition, CD4+ enriched PBMCs were stimulated with PHA for 6 days, 
afterr LPS (10 ng/ml) was either added or omitted for 24 h. FACS analysis was 
performedd in whole blood and PBMCs as described above. 

InIn vitro HIV infection. PBMCs were isolated from fresh buffy coats by standard 
ficoll-hypaquee centrifugation and the CD4+ cell population enriched for by a 
negativee selection with CD8 immunomagnetic beads (Dynal, Amsterdam, the 
Netherlands).. The CD4+ enriched fraction was cultured for 4-6 days in RPMI media 
containingg 10% fetal calf serum (Bio Whittaker,Verviers, Belgium), 5 ng/ml PHA 
(Sigma)) and 100 units/ml recombinant IL-2 (Chiron, Amsterdam, Netherlands) and 
weree plated at 2.0xl05 cells per well in a 96 well plate. On day of infection the CD4+ 

enrichedd cells were treated either with or without LPS (100 ng/ml) for 8 hours at 
37°C,, after which a T-tropic molecular cloned virus (LAI) and an M-tropic molecular 
clonedd virus (SF162) were used to infect the cells. Infections were performed using 4 
foldd limiting dilutions of the virus, starting at 240 tissue culture infectious doses per 
welll  (TCID/well) down to 1 TCED per well. After a 2 hour incubation period the 
cellss were spun and washed 3 times and fed with fresh RPMI media containing IL-2. 
Thee cultures were carried for 10 days and fed with fresh IL-2 containing media on 
dayss 4, 7 and 10. Viral replication was monitored by the use of a standard p24 
antigenn ELISA assay as previously described [26]. 

ELISA.ELISA. RANTES, MlP-la and MTP-1(3 were measured with ELISA's (all from R&D 
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Systems;; Abingdon, United Kingdom) according to the instructions of the 

manufacturer.. The detection limits of assays were 31.5 (MlP-la, RANTES) and 15.6 

pg/ml(MIP-iP). . 

StatisticalStatistical analysis. All values are given as means  SEM. In vivo data were 

analyzedd by one way analysis of variance. Data of in vitro stimulations of whole 

bloodd were analyzed using the Wilcoxon test. P<0.05 was considered statistically 

significant. . 

Results s 

CXCR4 4 CCR5 5 

PP < 0.05 

hours s hours s 

Figuree 1. Upregulation of CD4+ T cell surface CXCR4 and CCR5 after intravenous injection of 

LPSS (4 ng/kg) into 8 subjects. Data expressed as mean (  SE) difference between specific and 

nonspecificc mean cell fluorescence (MCF) and as fraction of positive CD4+T cells. 

HIVHIV coreceptor expression on circulating CD4+ T cells during human endotoxemia. 

Injectionn of LPS was associated with transient influenza-like symptoms including 

headache,, chills, vomiting, myalgia and fever (peak temperatures: 38.6  0.3 °C). 

Injectionn of LPS induced a decrease in the number of lymphocytes (from 1.6  0.1 to 

0.33  0.0 x 109/L at 4 hrs, P<0.05). The fraction of CD4+ T cells decreased from 41.1 

 3.9 % to 28.4  5.7 % at 4 hrs (P<0.05). Intravenous LPS induced an increase in 
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thee expression of CXCR4 on circulating CD4+ T cells, peaking after 4 hours (MCF: 

fromm 43.8  11.7 at baseline to 187.2 ; p=0.001), and returning to the initial 

levell  of expression after 24 hours (Figures 1 and 2). In addition, the fraction of CD4+ 

TT cells expressing CXCR4 also increased significantly, peaking after 6 hours (from 

9.33  1.8 % at baseline to 42.6  9.7 %; p=0.002). LPS elicited an upregulation of 

CCR55 on circulating CD4+ T cells (MCF: from 40.1  15.2 to 79.4  16.5 at 6 hours; 

p<0.05),, returning to baseline after 24 hours. In contrast, the fraction of CCR5 

positivee CD4+T cells did not change after injection with LPS. 

beforee LPS 

afterr LPS 

«„.. ^^  | . , . „ . M„ l 

beforee LPS 

afterr LPS 

CXCR4 4 

Figuree 2. Histograms showing the mean channel fluorescence of CD4+ T cells positive for 

CXCR44 or CCR5 in a representative volunteer before and 6 hours after receiving LPS. 

HIVHIV coreceptor expression on CD4* T cells after whole blood stimulation with 

[mycobacterial[mycobacterial agents. Having established that LPS causes an increase in the 

expressionn of CXCR4 and CCR5 on circulating CD4+ T cells, we performed a dose 

responsee and time course study of this effect in whole blood in vitro (Figure 3). Both 

HTVV coreceptors were upregulated after 8 hours stimulation with LPS, which lasted 

forr 24 hours (CXCR4) or even 48 hours (CCR5). Since the in vivo effect of LPS was 

presentt at 6 hours, we chose to perform additional experiments with the 8 hour 

incubationn period. A dose of 10 ng/ml induced significant upregulation of both 

receptors.. When higher doses were used, no additional effect was seen (Figure 3). 

Next,, we sought to determine whether other bacterial products also upregulate HIV 

coreceptors.. For this purpose whole blood was incubated with LAM (a cell wall 

componentt of M. tuberculosis), LTA (a cell wall component of S. aureus) or SEB (a 

superantigenn produced by S. aureus). All three agents induced an upregulation of 

CXCR44 and CCR5 on CD4+ T cells (Figure 4). 
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CXCR4 4 
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ft ft Figuree 3. Upregulation of the 

fractionn of CD4* T cells 

expressingg CXCR4 and CCR5 

afterr stimulation with LPS. 

Upperr panels: Whole blood was 

stimulatedd for 8 h with different 

concentrationss of LPS. Lower 

panels:: whole blood was 

stimulatedd with LPS (10 ng/ml) 

forr different time periods. 

HIVHIV coreceptor expression and HIV replication in PBMCs. To determine whether 

HIVV coreceptor upregulation on CD4+ T cells correlates with HIV replication, an in 

vitroo system was developed with CD4+ enriched PBMCs. As in whole blood, LPS 

inducedd an increase in the fraction of CD4+ cells expressing CXCR4 (from 20.9% at 

baselinee to 49.9% after addition of LPS. Control: 22.3 %) and CCR5 (from 9.6 % at 

baselinee to 37.8% after addition of LPS. Control: 14.2%; results from one 

representativee experiment of 3 three separate experiments). 

CXCR4 4 CCR5 5 

Figuree 4. Upregulation of 

CD4++ T cell surface CXCR4 

andd CCR5 after whole blood 

stimulationn with 1 |-ig/ml of 

LAM ,, LTA or SEB for 8 hours. 

*P<0.055 compared with 

incubationn of whole blood with 

mediumm (RPMI) alone. Before: 

expressionn before stimulation. 
beforaa RPMI LAM LTA SEB D«foree RPMI LAM LTA SEB 
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Figuree 5. Infectivity of CD4+ enriched PBMCs with a T-tropic (upper graph) and a M-tropic 
(lowerr graph) virus. PBMCs were treated for 8 hours without LPS (light shaded bars) or with 
100ng/mll  LPS (dark shaded bars) before being infected for 2 hours with 4 fold limiting dilutions 
off  virus. After infection the cells were washed and cultured for a further 10 days and viral 
infectionn was monitored by p24 production. 

Infectivityy of LPS treated and non-treated CD4+ enriched PBMCs was determined 
usingg both the T-tropic (LAI) and M-tropic (SF162) molecular cloned viruses at 
limitingg dilutions of infectivity and determining viral p24 production on day 10 of 
culture.. Since the virus was washed out 2 hours after infection our assay monitors the 
infectabilityy of CD4+ cells during this period. With the T-tropic virus an increase in 
thee infectivity of the CD4+ enriched population was observed in the presence of LPS 
withh a tissue culture infectious dose (TCID) of 4 required to establish infection in 
contrastt to a TCID of 64 for the culture where no LPS was added (Figure 5). This 
increasee in T-tropic HTV infectivity coincided with the enhancement of CXCR4 cell 
surfacee expression. In contrast, the M-tropic virus (SF162) showed an increase in the 
levell  of virus required to establish infection on the LPS treated CD4+ enriched cells 
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(TCBDD 64) in comparison to those that were not (TCID 16). This decrease in M-
tropicc infectivity was despite the increase in CCR5 cell surface expression. The 
experimentt was repeated with 3 different donors and on each occasion LPS treatment 
off  the cells resulted in an enhancement of T-tropic infectivity and a suppression of 
M-tropicc viral infectivity (data not shown). Since it has been previously shown that 
LPSS treated macrophages can secrete elevated levels of (3-chemokines we wished to 
determinee whether an enhancement in the secretion of RANTES, MIP-lcc and MIP-
1(33 could explain the reduction in M-tropic viral infectivity. The levels of these 
chemokiness were measured in supernatant of LPS-stimulated and non-stimulated 
CD4++ enriched lymphocytes. LPS induced an increase in the concentration of MIP-
1(33 (14.6 vs 6.8 ng/ml in non-LPS stimulated cells) and RANTES (3322 vs. 1661 
pg/mll  ml in non-LPS stimulated cells) but not of MlP-la. 

Figuree 6. Role of TNF, IFNy, and IL-10 in LPS effects on CXCR4 and CCR5 expression on CD4*T 

cells.. Whole blood was incubated with LPS (10 ng/ml) and cytokine or control (10 ug/ml) or 

recombinantt cytokines (10 ng/ml) for 8 hours. Upper panels: effect of anti-TNF, anti-IFNy and anti-

IL-100 on LPS-induced effects. *P<0.05 compared with LPS+IgG (irrelevant control). Lower panels: 

effectss of recombinant TNF, IFNy and IL-10. Data represent the fraction of CD4+T cells that stained 

positivee for either CXCR4 or CCR5. Similar results were obtained for either CXCR4 or CCR5. 

*P<0.055 compared with RPMI. 

RoleRole of cytokines in HIV coreceptor upregulation on CD4+ T cells. Both intercurrent 
infectionss and experimental endotoxemia result in an enhanced cytokine production. 
Wee studied the role of TNF, IFNy and IL-10 in the LPS-induced effects on HIV 
coreceptorr expression (Figure 6). Therefore, whole blood was incubated with LPS in 
thee presence of an irrelevant antibody, or a neutralizing antibody against either TNF, 
IFNY,,

 or IL-10. The LPS-induced upregulation of the fraction of CD4+ T cells 
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positivee for CXCR4 was partially inhibited by anti-TNF and by anti-IFNy (P<0.05 

versuss incubation with LPS and an irrelevant antibody for both). Anti-IL-10 did not 

influencee the expression of CXCR4. Similarly, the LPS-induced upregulation of 

CCR55 expression was partially inhibited by anti-TNF and by anti-EFNy (P<0.05 

versuss incubation with LPS and an irrelevant antibody for both). Anti-EL-10 tended 

too reduce the LPS effect. To further examine the role of cytokines in the absence of 

LPSS stimulation, whole blood was incubated with either rTNF, rlFNy or rIL-10. In 

accordancee with the inhibiting effect of anti-TNF and anti-IFNy, expression of 

CXCR44 was upregulated by rTNF or rlFNy (P<0.05 versus RPMI for both), while 

rIL-100 had no effect on CXCR4. Expression of CCR5 on CD4+T cells was induced 

byy rTNF or rlFNy (P<0.05 versus RPMI for both). In contrast to the absence of an 

IL-100 effect on CXCR4, rIL-10 upregulated CCR5 on CD4+ T cells (P<0.05 

comparedd to RPMI) . 

Discussion n 

Concurrentt infections in patients with HIV are associated with an increase in HIV 

replicationn [3-6] and an enhanced susceptibility of immune cells for HIV infection 

[27].. The chemokine receptors CXCR4 and CCR5 serve as coreceptors for HIV entry 

inn CD4+ T cells. We used the model of intravenous LPS administration to healthy 

subjectss to test the hypothesis that intercurrent febrile diseases may result in 

enhancedd HTV replication through upregulation of HIV coreceptors on circulating 

CD4++ T cells. Indeed, we found that during human endotoxemia, both the surface 

expressionn of CXCR4 and CCR5 per CD4+ T cell, as well as the fraction of CD4+ T 

cellss expressing CXCR4 increased in peripheral blood. Stimulations of whole blood 

inn vitro with antigens derived from M. tuberculosis and S. aureus induced similar 

changess in CXCR4 and CCR5 expression on CD4+T cells. The hightened expression 

off  CXCR4 correlated with an increase in the infectability of CD4+ enriched PBMCs 

withh a T-tropic FUV-1 molecular cloned virus in vitro. In contrast, CCR5 surface 

expressionn did not result in an increased HIV infectability pattern but rather was 

associatedd with a decrease in replication of an M-tropic HIV-1 strain. Therefore, 

pathogenss commonly found in HIV-infected patients may increase viral burden in 

bloodd by upregulation of CXCR4. Moreover, intercurrent infections may contribute 

too the selection of CXCR4-using viruses during the course of disease progression. 
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Thee human endotoxemia model has some limitations. Intravenous injection of LPS 
inducess a short lasting febrile illness and an associated transient inflammatory 
response.. In addition, the model uses the circulation as the body compartment to 
whichh the stimulus is administered and in which the responses are measured. Hence, 
inn the present study the upregulation of HIV coreceptors was transient, just like the 
experimentallyy induced illness, and HIV coreceptor expression was only measured 
onn CD4+ T cells derived from peripheral blood, the body compartment that was 
challengedd with LPS. Presumably, similar changes in HIV coreceptor expression can 
bee observed for longer periods and in other compartments, when clinical diseases are 
studied.. Of special interest is the finding that macrophages may act as a reservoir for 
HTVV during concurrent infections [28]. Moreover, M. avium, a pathogen commonly 
foundd in HIV patients, has been found to increase CCR5 expression and stimulate 
HTVV production within macrophages [20]. 
Thee effect of LPS on HIV coreceptors in vivo was most evident for CXCR4. This is 
inn agreement with HTV coreceptor expression on macrophages after LPS stimulation 
[29].. CXCR4 expression correlated with infectability of PBMCs with T-tropic 
strains,, thereby supporting the idea that concurrent infections increase CXCR4 
expressionn and subsequent HIV replication. In contrast, CCR5 expression did not 
correlatee with an increase in replication of an M-tropic HIV strain. It has been shown 
thatt LPS induces production of CC-chemokines that inhibit HIV replication in T 
lymphocytess in vitro [30]. In accordance, the LPS stimulation of CD4+ enriched cells 
resultedd in the higher production of RANTES and MIP-lp\ Also, during LPS-
inducedd human endotoxemia, production of CC-chemokines is known to be 
enhancedd [31]. Hence, the net effect of LPS or other bacterial products on CCR5 
expressionn and production of CCR5 blocking ligands in vivo remains to be 
determined.. The HIV isolates associated with viral transmission and found early after 
infectionn are predominantly those which utilize the CCR5 coreceptor. In patients 
withh an advanced stage of disease, a switch in receptor use from CCR5 to CXCR4 is 
oftenn observed [16], suggesting that not only the extent of expression but also the 
typee of HIV coreceptor modulates the course of HIV infection. It has been proposed 
thatt a more favorable environment for T-tropic HIV-1 may result in viral transition 
off  M-tropic to T-tropic HIV phenotype, associated with disease progession [29]. 
Indeed,, since T-tropic but not M-tropic replication was associated with enhanced 
HIVV coreceptor expression, bacterial antigens may be involved in the emergence of 
X44 and R5X4 variants. 

Thee precise mechanism for the observed upregulation is unknown. Presumably, 
immunee activation and subsequent cytokine secretion modulate HIV disease [23]. 
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TNFF is reported to stimulate HIV expression in cell cultures [32] and during 
concurrentt infection [24]. EFNy induced CCR5 expression in a monocytic cell line, 
resultingg in enhanced HIV entry [18]. Moreover, it was found that anti-IFNy or anti-
TNFF can block HIV production in EL-2 stimulated PBMCs in vitro [33]. This points 
towardss an important role for these pro-inflammatory cytokines in HIV expression. 
Inn this study, LPS-induced upregulation of CXCR4 and CCR5 on CD4+ T cells was 
attenuatedd by anti-TNF and anti-IFNy. Furthermore, rTNF and rIFNy increased the 
fractionn of CD4+ T cells expressing CXCR4 and CCR5. Taken together, these data 
indicatee that TNF and IFNy may induce HIV expression through upregulation of HIV 
coreceptors. . 
IL-100 is the most important anti-inflammatory cytokine produced in the endotoxemia 
modell  [34]. It has been reported that IL-10 enhances CCR5, but not CXCR4 
expressionn on monocytes, correlating with an increase in HIV expression [17]. Also 
inn a T cell line, EL-10 synergized with TNF in enhancing HIV transcription [35]. We 
examinedd the effect of anti-IL-10 on LPS-induced HIV coreceptor expression. 
Similarr to the effect on monocytes, EL-10 influenced CCR5, but not CXCR4 on 
CD4++ T cells, i.e. rDL-10 upregulated CCR5 expression, while anti-DL-10 attenuated 
LPS-inducedd CCR5 upregulation. It is speculative why DL-10 only exerts effect on 
CCR5.. Considering the important role of EL-10 in mucosal diseases [36], it was 
suggestedd that EL-10 maintains CCR5 expression in mucosal tissues, facilitating 
primaryy HIV infection [17]. 

Inn summary, (myco)bacterial antigens increased the expression of CXCR4 and CCR5 
onn circulating CD4+ T cells in humans and in whole blood, through direct antigenic 
stimulationn of CXCR4 and CCR5 on CD4+T cells, as well as indirect stimulation of 
thesee receptors via cytokines. Expression of CXCR4 correlated with an increase in T-
tropicc HTV replication. Expression of CCR5 did not correlate with M-tropic 
replication,, possibly due to the production of blocking CC chemokines by bacterial 
products.. Therefore, concurrent infections during the course of an HIV infection may 
inducee a favorable environment for T-tropic viral strains. HIV coreceptors, 
consideredd targets for HIV therapy [37], may be important determinants of the course 
off  an HIV infection. Close surveillance and aggressive treatment of intercurrent 
diseasee in HIV infected patients is implicated. For some pathogens, adequate 
antibioticc prophylaxis may reduce the HIV load. 
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