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SUMMARY

HIV type 1 expression was significantly up-regulated in chronically infected promonocytic cell line (U1)

co-cultured with human umbilical vein endothelial cells (HUVEC). Virus replication, evaluated as

supernatant p24 release, was higher when U1 were co-cultured with IL-1b -activated HUVEC than with

unstimulated HUVEC. When non-adherent U1 were removed from co-cultures, the remaining U1 cells

adherent to the endothelial monolayer still showed enhanced HIV replication in comparison with an

equal number of U1 cultured alone. While addition of adhesion molecule blocking antibodies (anti-

intercellular adhesion molecule-1 (ICAM-1), -vascular cell adhesion molecule-1 (VCAM-1), -CD18 and

-very late antigen-4 (VLA-4)) strongly inhibited adherence of U1 cells to endothelial monolayers, such

treatment resulted in only a partial reduction in p24 release. Furthermore, HIV replication in U1 cells

was enhanced on culture in HUVEC-conditioned media. Such data suggest that soluble mediators

secreted by endothelial monolayers may modulate HIV-1 expression. Indeed, addition of cytokine and

chemokine antagonists to both U1/HUVEC co-cultures and to U1 cultured in HUVEC-conditioned

media clearly down-regulated p24 release. Anti-IL-6, anti-tumour necrosis factor-alpha (TNF-a ) and,

particularly, anti-MCP-1 MoAbs reduced p24 release, while anti-IL-8 polyclonal antiserum and IL-1

receptor antagonist (IL-1Ra) had no significant effect. Thus, the interaction between HUVEC and

infected monocytic cells up-regulates HIV-1 replication predominantly through production of

endothelium-derived soluble factors including MCP-1, TNF-a and IL-6. This phenomenon may

influence the passage of HIV-1 from latency to productive replication and enhance virus spreading

during physiological and/or pathological contact of monocytes with endothelium.
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INTRODUCTION

Cells of monocytic lineage are important targets for HIV-1. As

HIV-1 replication in these cells is non-cytopathic and persistent

[1], they may act as a major viral reservoir. Previous studies have

demonstrated perivascular accumulation of mononuclear cells,

including monocytes and macrophages, in different organs (heart,

skeletal muscle, lungs and central nervous system) of HIV-

infected subjects [2±6]. These leucocytes play a role in the

pathophysiology of clinical conditions associated with HIV-1

[7,8]. Furthermore, the ability of virus-infected monocytes to enter

tissues and to either take up residence or infect other mononuclear

cells may participate in seeding of virus to other tissue sites.

Monocyte migration from blood to tissues and vice versa requires

a close contact with endothelium and adhesion molecule

engagement during adhesion and transmigration. Adhesion seems

to be a phenomenon able per se to modulate genic expression in

monocyte/macrophages by inducing cellular activation [9]. Pro-

adhesive changes in monocyte surface phenotype have been

described both in experimentally infected cells and in monocytes

from HIV1 subjects [10±12]. In addition, Shattock et al.

demonstrated that experimentally induced adhesion molecule

cross-linking by specific antibodies increased HIV-1 expression in

the chronically infected promonocytic cell line OM10.1 [13].

Previous studies have demonstrated that contact with endothelial

cells enhanced HIV-1 replication in in vitro infected macrophages

and chronically infected monocytic cell lines [14,15]. However, in

these experimental models both endothelium adherent and non-

adherent monocytes and activating stimuli were present through-

out the culture period, thus the observed effect on HIV-1
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expression could be related to several experimental variables.

Indeed, cell activators like phorbol esters and lipopolysaccharide

(LPS) used to activate endothelial cells also induce HIV

replication in monocytic cells [16,17]. Furthermore, soluble

factors potentially secreted by endothelial cells such as tumour

necrosis factor-alpha (TNF-a ), IL-6, granulocyte-macrophage

colony-stimulating factor (GM-CSF) and monocyte chemotactic

protein-1 (MCP-1) [18±24] have potential to enhance HIV

expression.

In this study we demonstrate a marked increase in virus

replication when U1 were co-cultured with human umbilical vein

endothelial cells (HUVEC) in the absence of other activating

stimuli. In addition, HIV replication was enhanced in U1 cells

incubated in HUVEC-conditioned media. Inhibition experiments

with anti-adhesion molecule blocking antibodies or with cytokine/

chemokine antagonists showed that HIV up-regulation was only

partly related to adhesion molecule engagement. Such data

demonstrate that secretion of soluble mediators of endothelial

origin provided the predominant stimuli driving HIV replication in

U1/HUVEC co-cultures. Subsequent studies using neutralizing

antibodies demonstrated that proinflammatory cytokines IL-6 and

TNF-a and, especially, the CC chemokine MCP-1, play a pivotal

role in the modulation of HIV-1 in U1/endothelium co-cultures.

MATERIALS AND METHODS

HUVEC isolation and culture

Human endothelial cells were isolated from umbilical cord vein,

cultured and characterized as previously described [25,26].

Briefly, first passage HUVEC were detached with trypsin±EDTA

(ICN Biomedicals Inc., Costa Mesa, CA) and seeded (about

2 � 104 cells/well) in flat-bottomed 96-well microplates (Falcon,

Franklin Lakes, NJ). Cells at confluence were incubated in E199

medium (Flow Labs, Irvine, UK) supplemented with 20% fetal

calf serum (FCS; Gibco, Grand Island, NY), endothelial cell

growth factor (ECGF; homemade) 50 mg/ml, 1% l-glutamine

(ICN Biomedicals) and antibiotics with or without IL-1b 10 U/ml

(R&D Systems, Minneapolis, MN) for 24 h. Resting or activated

endothelial monolayers were either co-cultured with U1 in

different experimental models or incubated for 48 h to collect

culture supernatants. These supernatants were tested for their

cytokine/chemokine content and used as conditioned media in U1

experiments.

Monocytic cells

U1 is a chronically HIV-1-infected human promonocytic cell line

obtained by limiting dilution cloning of U937 cells acutely

infected with IIIB/LAI strain of HIV-1 [16]. Cells were

maintained in log phase growth in RPMI 1640 (Gibco) plus

10% FCS, 1% l-glutamine and antibiotics, and were washed twice

in PBS before using at suitable experimental concentrations.

Unstimulated or phorbol-12-myristate-13-acetate (PMA)-

stimulated U1 cells were tested for expression of surface adhesion

molecules in cytofluorometric assays, as described below.

HIV-1 expression by U1 cells was evaluated as p24 release in

supernatants from cultures performed according to experimental

design (see below).

Flow cytometric analysis

U1 promonocytic cells were cultured overnight in tissue culture

flasks at a concentration of 105/ml in medium alone or in the

presence of PMA 20 ng/ml (Sigma, St Louis, MO). Subsequently

cells (2 � 105/sample) were centrifuged at 1700 rev/min and

pellets were resuspended in 100 m l cold PBS containing 2%

bovine serum albumin (BSA) and to which mouse MoAbs specific

to human CD11a, CD11b, CD11c or CD18 adhesion molecules

were added. Samples were incubated for 30 min at 48C and

washed three times before the addition of 2 m l of FITC-

conjugated anti-mouse IgG antibody. After 30 min incubation at

48C, cells were washed three times, fixed in PBS/paraformalde-

hyde 1% and analysed by flow cytometry in a FACScan system

(Ortho, Raritan, NJ). Results were expressed as percentage of

positive fluorescent cells.

U1/HUVEC in vitro culture models

U1/HUVEC co-cultures. U1 cells (105/well; 100 m l final

volume) were seeded in flat-bottomed 96-well microplates on

HUVEC monolayers. Both resting or IL-1b (10 U/ml for 24 h)

activated HUVEC were used, after extensive washing. Co-cultures

were performed in complete U1 medium (RPMI 1640 plus 10%

FCS, 1% l-glutamine and antibiotics) for 48 h at 378C and 5%

CO2. The plates were then centrifuged at 1300 rev/min for 15 min

and the supernatants collected for the measurement of p24 levels.

Co-cultures of adherent U1 and HUVEC. In order to

investigate whether HIV-1 up-regulation was sustained only by

adherent cells, 105 U1 were incubated on endothelial monolayers

for 1 h. Subsequently non-adherent U1 were removed by

extensive washing, and the remaining adherent cells incubated

for a further 48 h, after which culture supernatants were collected

as described above.

Parallel cultures were performed in order to evaluate the

number of U1 effectively adherent to resting or IL-1b -activated

HUVEC using 51Cr-release assay (see below). p24 release was

also measured from a two-fold dilution series of U1 cells (starting

from 105 cells/well). Having determined the number of U1

adherent to HUVEC monolayers, using the functional adhesion

assay, data from the dilution series of U1 cultured alone were used

to compare p24 release from adherent U1/HUVEC co-cultures

with the same number of U1 cultured in the absence of

endothelium.

U1 cultures in HUVEC-conditioned media. U1 were cultured

in 96-well flat-bottomed plates for 48 h (105/well; 100 m l final

volume) in the absence or presence of two-fold dilutions of

supernatants derived from resting or IL-1b -activated HUVEC

monolayers. After centrifugation, U1 culture supernatants were

collected and tested for p24 content.

Functional adhesion assay

U1 cells (106/m l) were radiolabelled with 51Cr (sodium dichro-

mate, 30 mCi/105 cells; Amersham Int. plc, Aylesbury, UK) for

1 h at 378C and seeded (105/100 m l) in the presence of resting or

activated HUVEC. After 1 h adhesion, plates were washed three

times and the remaining cells lysed with 0´1% SDS/NaOH

0´025 m. Adhesion was measured in ct/min and expressed as

percentage of adherent cells per total radiolabelled U1 originally

seeded on HUVEC monolayers (100%), as described [27,28].

Adhesion molecule blocking experiments

U1/HUVEC (resting or IL-1b -activated) co-cultures were set up

both with and without anti-adhesion molecule MoAbs. We used

the following antibodies: anti-CD54/intercellular adhesion mole-

cule-1 (ICAM-1) MoAb MCA532 (Serotec Ltd, Oxford, UK);
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anti-CD106/vascular cell adhesion molecule-1 (VCAM-1) MoAb

4B9, which is a blocking MoAb [29]; MoAb 60.3, which

recognizes a functional epitope on the CD18 subunit (common

b -chain) of the CD11/CD18 antigen complex [30]; MoAb HP2/1,

which binds to a functional epitope on the CD49d (a -chain) of the

leucocyte CD49d/CD29 (very late antigen-4 (VLA-4)) integrin

[31] (gift of Dr John M. Harlan).

Preliminary observations confirmed that while all MoAbs used

in this study induced partial inhibition of monocyte adherence to

HUVEC, maximal inhibition of adhesion (13-fold reduction with

activated HUVEC) was only obtained with a mixture of the

MoAbs. Adhesion assays were performed as previously described

[32].

All the MoAbs were used at 10 mg/ml final concentration.

Cells, either U1 or resting and IL-1b -activated HUVEC, were

preincubated with specific MoAbs or complete medium for

15 min; subsequently, U1 (105/well) were seeded with HUVEC

in the presence of MoAb mixture or culture medium. Some

U1/HUVEC co-cultures were incubated for 48 h, before collecting

culture supernatants for p24 measurement. In parallel cultures non-

adherent U1 were removed after 1 h adhesion and the residual

adherent cells were co-cultured with endothelial monolayer for a

further 48 h before harvesting. p24 levels were determined in

culture supernatants and compared with either antigen content in

the absence of MoAbs or secretion by equivalent U1 cultured

alone.

Cytokine/chemokine neutralization experiments

Cytokine/chemokine antagonists were added to: U1/HUVEC

(resting or IL-1b -activated) co-cultures in which non-adherent

cells were removed, and U1 cells (105/well; 100 m l final volume)

in HUVEC-conditioned medium. Neutralization experiments were

carried out using MoAbs to IL-6 (0´5 mg/ml), TNF-a (1 mg/ml)

(both by R&D Systems) and IL-1 receptor antagonist (IL-1Ra)

1 mg/ml (gift of Dr P. BossuÁ, DompeÁ S.p.A., L'Aquila, Italy). To

affect potential activity of IL-8 and MCP-1 chemokine, a rabbit

polyclonal antiserum anti-IL-8 (1:25 dilution) [33] and two mouse

MoAbs to MCP-1: (5D3-F7, ascite, 1:250 dilution, in-house

preparation) [34] and a blocking anti-MCP-1 MoAb (LS1;

5 mg/ml; Leukosite) were used. Cytokine/chemokine antagonist

concentrations used in our experiments were derived from dose±

response studies. p24 levels in 48 h culture supernatants in the

presence of cytokine/chemokine antagonists were compared with

antigen content in control cultures without antagonists.

ELISA

IL-1b , TNF-a , IL-6, IL-8 and MCP-1 content in culture

supernatants was determined by commercial kits from R&D

Systems; p24 release was determined by a Cellular Products Inc.

(Buffalo, NY) kit. The assays were performed according to the

manufacturer's instructions.

Statistical analysis

Descriptive statistics of the differences between values were

calculated as mean, s.d., minimum and maximum in the original

measurement scale of the recorded variables (pg/ml) and reported

in Results for results readability purposes.

For graphical presentation, common logarithm transformation

of the data has been made.

Owing to the limited number of experimental units and the

skewed distribution of the recorded variables, the non-parametric

Friedman two-way analysis of variance for related samples was

used. Then pairwise comparisons were performed by the

Wilcoxon matched pairs signed rank test with the statistical

significance threshold 0´05 accordingly corrected by the Bonfer-

roni's procedure [35].

RESULTS

U1 co-culture with HUVEC monolayers enhances HIV replication

We evaluated p24 levels secreted by U1 (105 cells/well) cultured

in the absence or presence of resting or IL-1b -activated

endothelial monolayers. In comparison with U1 cultured alone

(105 cells/well), co-cultures with IL-1b -activated HUVEC

strongly up-regulated p24 release (seven-fold increase, mean

1 s.d. 3112 1 1912 pg/ml; minimum and maximum 631 and

6425 pg/ml); an evident but lower up-regulation was also found

in the presence of resting HUVEC (2´5-fold increase,

775 1 675 pg/ml; minimum and maximum 111 and 1802 pg/

ml). In both conditions the increase in p24 levels was statistically

significant (P , 0´025) (Fig. 1a). As shown in Fig. 1b, when non-

adherent U1 were removed, an evident statistically significant

(P , 0´01) virus up-regulation was still observed in the co-

cultures compared with equal numbers of U1 cultured alone (about
p
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Fig. 1. U1 co-culture with human umbilical vein endothelial cell

(HUVEC) monolayers enhances HIV replication. (a) p24 levels in culture

supernatants from U1 alone (105 cells/well) (A), U1 co-cultured with

resting HUVEC (hatched) or activated HUVEC monolayers (B). (b) p24

release from U1 cells adherent to resting HUVEC monolayers (hatched),

activated HUVEC (B) and equivalent numbers of U1 cultured alone (A

and cross-hatched). Data are expressed as p24 (log pg/ml), mean and s.e.m.

of 10 experiments. *P , 0´025; **P , 0´01.
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five-fold enhancement in resting conditions, 301 1 292 pg/ml;

minimum and maximum 7 and 820 pg/ml; 14-fold increase after

activation, 2574 1 1849 pg/ml; minimum and maximum 308 and

6220 pg/ml).

Control cultures of U1 stimulated by PMA showed a six-fold

increase in p24 secretion while the proinflammatory cytokines

IL-6, IL-1b and TNF-a induced a four-, 15- or 35-fold

enhancement in viral antigen levels, respectively (data not shown).

These data indicate that the up-regulation of HIV replication

observed in our models of U1/HUVEC co-cultures is higher than,

or at least similar to the increase induced by known stimulants.

Role of adhesion molecules in modulating p24 release from

U1/HUVEC co-cultures

As cell±cell contact can influence HIV-1 expression in infected

cells, we investigated the role of adhesion molecules in our

in vitro co-culture models. U1 cells express high levels of CD11a

and CD18 adhesion molecules both in resting and activation

(PMA) conditions (. 95% positive cells). Basal expression of

CD11b and CD11c was quite low (2´1% and 16´9% positive cells,

respectively) and increased in response to PMA stimulus (25´7%

and 68´3% positive cells, respectively). Adhesion molecule

blocking experiments were carried out with a mixture of MoAbs

specific for ICAM-1 (CD11a/CD18 ligand), VCAM-1 (VLA-4

ligand), CD18 and VLA-4. Functional adhesion, evaluated by the
51Cr assay, demonstrated that these antibodies significantly

(P , 0´001) inhibited U1 adherence to resting or activated

HUVEC by 42 ^ 5% and 77 ^ 9%, respectively (see Fig. 2a

for adhesion to activated HUVEC).

In contrast, addition of adhesion molecule MoAbs to U1 co-

cultured with activated HUVEC resulted in only a partial

reduction (29 ^ 4%) in supernatant p24 release (Fig. 2b;

decrease, 503 1 339 pg/ml; minimum and maximum 170 and

1119 pg/ml). A similar partial reduction in p24 release was seen

on addition of MoAbs to U1 co-cultured with resting HUVEC, and

when used in the co-culture model where non-adherent U1 cells

were removed (data not shown). In all co-culture models, p24

release in the presence of MoAbs was higher than that seen with

equivalent U1 cultured alone. Incubation of U1 alone with the

adhesion molecule MoAb mixture had no effect on p24 release,

ruling out the possibility of a non-specific effect of the MoAbs on

HIV-1 replication (data not shown).
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Fig. 2. Effects of adhesion molecule MoAbs on adhesion and p24 release in U1/human umbilical vein endothelial cell (HUVEC) co-

cultures. (a) Inhibition of U1 adhesion to activated HUVEC by adhesion molecule MoAbs. Number of adherent U1 in the absence (A) or in

the presence (B) of adhesion molecule MoAbs (specific form intercellular adhesion molecule-1, vascular cell adhesion molecule-1, very late

antigen-4 and CD18). Data are expressed as number of adherent cells, mean and s.e.m. of seven experiments. ***P , 0´001. (b) Adhesion

molecule MoAbs modulate p24 release from U1 cells co-cultured with activated HUVEC monolayers. p24 release from U1 co-cultured with

activated HUVEC in the absence (A), or presence of adhesion molecule MoAbs (B). Data are expressed as p24 (log pg/ml), mean and s.e.m.

of seven experiments.
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Fig. 3. Effect of human umbilical vein endothelial cell (HUVEC)-

conditioned media on U1 p24 production. p24 levels in culture

supernatants from U1 cultured alone (105 cells/well) (A), or in two-fold

dilutions of conditioned medium from resting (hatched) or activated

HUVEC (B). Data are expressed as p24 (log pg/ml), mean and s.e.m. of 10

experiments. ***P , 0´005.

Table 1. Cytokine/chemokine content in supernatants from resting or

IL-1b-activated human umbilical vein endothelial cell (HUVEC)

monolayers

Resting HUVEC Activated HUVEC

IL-6 (pg/ml) 2500 ^ 500 28 300 ^ 3980

IL-1b (pg/ml) 0´10 ^ 0´07 0´13 ^ 0´1

TNF-a (pg/ml) 1´63 ^ 0´6 3´50 ^ 1´1

IL-8 (pg/ml) 5485 ^ 977 14 460 ^ 401

MCP-1 (pg/ml) 19 272 ^ 4618 82 202 ^ 13 092

Values represent mean ^ s.d. of six experiments.
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Role of soluble mediators in modulation of p24 release from

U1/HUVEC co-cultures

To investigate the involvement of soluble factors in the

modulation of HIV-1 expression observed in our co-culture

model, we tested the effect of HUVEC-conditioned culture

supernatants on p24 release by U1.

Culture of U1 cells in conditioned medium from resting or

activated endothelial monolayers resulted in a two- and eight-fold

(P , 0´005) enhancement in p24 release, respectively (Fig. 3;

increase, 340 1 309 pg/ml; minimum and maximum 23 and

1105 pg/ml, in resting conditions; 2066 1 1990 pg/ml; minimum

and maximum 305 and 7055 pg/ml, after activation). Of note, this

increase is higher than that induced by PMA or exogenous IL-6

(four- and six-fold increase, respectively; data not shown).

To determine potential soluble factors modulating U1 p24

release, we assessed cytokine and chemokine content in the

HUVEC-conditioned supernatants used for our experiments

(Table 1). In line with previous reports, IL-1b -activated HUVEC

did secrete much higher amounts of IL-6, TNF-a , IL-8 and

MCP-1 in the supernatants than control resting cells. U1 cells
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Fig. 4. Modulation of U1 p24 release by cytokine/chemokine antagonists added to: (a) U1 cells cultured in conditioned media from

activated human umbilical vein endothelial cells (HUVEC) and (b) co-cultures of U1 cells adherent to activated HUVEC monolayers. Anti-

MCP-1a and anti-MCP-1b indicate the 5D3-F7 and the LS1 MoAbs, respectively. Results are expressed as p24 (log pg/ml), mean and s.e.m.

of seven independent experiments. *P , 0´025; ****P , 0´001.



98 M. O. Borghi et al:

q 2000 Blackwell Science Ltd, Clinical and Experimental Immunology, 120:93±100

themselves did not secrete detectable amounts of proinflammatory

cytokines (IL-6, IL-1b and TNF-a ), while basal MCP-1 levels in

48 h culture supernatants appear low (1600 ^ 855 pg/ml, mean

^ s.d. of six experiments), as previously reported [36].

To evaluate the potential role of these different soluble

mediators in modulating U1 p24 release, U1 cells were cultured in

HUVEC-conditioned media in the presence of specific cytokine/

chemokine antagonists. We observed a marked decrease in HIV-1

replication when anti-IL-6, -TNF-a and, of note, -MCP-1 (both

5D3-F7 and LS1) MoAbs were added to U1 cultured in

conditioned media from activated endothelial cells (Fig. 4a). In

particular MCP-1 blocking MoAbs significantly inhibited p24

from U1 cells to the level of basal expression (decrease,

1885 1 1410 pg/ml; minimum and maximum 309 and

3930 pg/ml, with 5D3-F7; and 1539 1 1226 pg/ml; minimum

and maximum 266 and 3060 pg/ml, with LS1; P , 0´025 for

both). In contrast, polyclonal anti-IL-8 antibodies and IL-1Ra did

not affect p24 secretion in these cultures. Due to the lower levels of

cytokine and chemokine release from resting HUVEC, compar-

able, but biologically less important, results were found with U1

cultured in conditioned media from such cells (data not shown).

Addition of the same cytokine/chemokine antagonists to co-

cultures of U1 cells adherent to activated HUVEC (non-adherent

cells removed by washing) inhibited p24 release in a similar

manner to that found with conditioned media (Fig. 4b; decrease,

3075 1 1414 pg/ml; minimum and maximum 1382 and

5262 pg/ml, with 5D3-F7; and 2504 1 1174 pg/ml; minimum

and maximum 1102 and 4466 pg/ml, with LS1; P , 0´001 for

both). The addition of cytokine antagonists did not modify the

magnitude of inhibition induced by both anti-MCP-1 MoAbs and

no additive effects were observed when cytokine antagonists were

used in combination (data not shown). These observations together

with the differences in antibody affinity and in the relative

concentration of the mediators in our culture models make it

difficult to draw any conclusion about the signal transduction

pathway(s) involved in HIV expression modulation. However,

such data strongly suggest a predominant role for soluble

mediators in up-regulating HIV expression in U1/endothelial co-

cultures.

DISCUSSION

In this study we demonstrate that in vitro interaction between cells

of the human HIV-1 chronically infected promonocytic line U1

and HUVEC resulted in a significant enhancement of HIV-1

replication, either in co-culture models or when U1 were

incubated in HUVEC-conditioned media. This enhancing effect

was higher than or similar to that induced by known stimulants

and appeared to be due to both cell±cell contact and endothelial

derived soluble mediators.

Fan et al. [14] previously reported an increase in p24 secretion

by U1 co-cultured with resting or LPS-activated HUVEC

monolayers, in a model in which a fixed number of monocytic

cells were plated together with endothelium. As non-adherent U1

cells were not removed from these co-cultures, the relative

contribution of adherent versus non-adherent U1 to the observed

HIV-1 modulation was unclear. In addition, the presence of LPS

throughout these experiments, a powerful activator of both U1 and

endothelial cells, made it difficult to understand the mechanisms

involved in the enhancement of HIV replication. In the studies

described in this paper, both non-adherent U1 cells and exogenous

activators were removed from U1/HUVEC co-cultures. Under

such experimental conditions we observed heightened HIV-1

expression in adherent U1 cells. Adherence is a phenomenon able

per se to activate cells by inducing mRNA expression for various

proto-oncogenes and cytokines, such as TNF-a and IL-8 [37±39].

In cellular adhesion a variety of cellular and extracellular matrix

proteins is involved [40±42]; among them, adhesion molecules of

the integrin family are reported to be important, as they also

mediate events that modify the state of cellular activation [43].

The regulatory signals mediated by adhesion molecule involve-

ment may influence HIV production in infected cells. Previous

studies report that adhesion molecule engagement, mediated by

cross-linking antibodies, enhances HIV-1 replication in monocytic

cells [13] and that CD11/CD18 integrins are involved in up-

regulation of HIV-1 expression by monocytes interacting with

HUVEC [14]. However, we observed that presence of a

combination of MoAbs to CD18, VLA-4, ICAM-1 and

VCAM-1, while strongly inhibiting U1 adhesion to HUVEC

monolayers, resulted in only a partial down-regulation of p24

release. The incubation of U1 with anti-adhesion molecule MoAbs

in the absence of endothelium did not significantly modify viral

antigen release, indicating that the MoAbs do not interfere

aspecifically with HIV-1 replication. These results suggest that

integrin engagement during monocyte/HUVEC interaction plays

only a minor role in modifying HIV release from U1 cells.

HIV-1 expression may also be influenced by endogenous

cytokine production. Recently, Ho et al. [44] reported enhanced

HIV-1 expression in U1 co-cultured with human lung fibroblasts,

and this effect seemed to be mediated by IL-6 [45]. Furthermore,

previous reports have also demonstrated that culture of a

chronically infected promonocytic clone in astrocyte-conditioned

medium enhanced HIV-1 replication [46]. Endothelial cells are

known to produce proinflammatory cytokines including IL-6,

TNF-a or GM-CSF [18±22], and CC chemokines (MCP-1) [24]

with potential to up-regulate HIV replication. We studied

cytokine/chemokine involvement in enhancement of HIV replica-

tion observed in our U1/HUVEC co-culture models using specific

antagonists. We demonstrate that MoAbs to the cytokines IL-6,

TNF-a and, more evidently, to the chemokine MCP-1 strongly

inhibit enhanced HIV expression. To investigate the effect of

soluble mediators independently of cell±cell adhesion, U1 were

cultured in HUVEC-conditioned supernatants, containing high

amounts of several proinflammatory cytokines and chemokines.

In this culture model, HIV-1 expression also appeared to be

clearly up-regulated, and this effect was significantly reduced by

the addition of neutralizing antibodies to IL-6, TNF-a and

MCP-1. Such findings indicate that soluble mediators of

endothelial origin are the predominant factors enhancing HIV-1

expression in monocyte±endothelial co-cultures.

In our models of U1/HUVEC interaction the CC chemokine

MCP-1 seems to play a pivotal role in inducing HIV-1 expression,

demonstrated by the highly inhibitory effect of two different anti-

MCP-1 MoAbs on p24 antigen. These findings are in line with

those of Vicenzi et al., who demonstrated that MCP-1 was

associated with heightened HIV-1 replication in vitro [24]. It is

interesting to note that plasma MCP-1 levels have been reported to

correlate with virus load in vivo [47]. Furthermore, selective

increases in MCP-1 levels reported in the cerebrospinal fluid

(CSF) of AIDS patients with cytomegalovirus encephalitis [48] or

HIV encephalitis [49], correlate with local HIV RNA levels [50].

Results presented in this study suggest that the interaction
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between HIV-infected monocytes and endothelium may influence

the passage of HIV-1 from latency to productive replication,

through both cell±cell contact and, particularly, soluble factor

secretion. Such interaction may be particularly significant because

of the wide distribution of endothelium in the tissues and the

continuous physiological contact of circulating monocytes with

vessel walls. Data from this study could support potential

therapeutic approaches aimed at controlling secretion of HIV-1-

enhancing chemokines and/or at inhibiting their receptors. Indeed,

experimental studies with MCP-1 antagonists have already shown

their ability to treat inflammatory conditions such as arthritis in

MLR-lprlpr mice [51].
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