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SUMMARY

T helper (Th) responses are mediated in part by immunoregulatory cytokines and the signals delivered
by the costimulatory CD28–B7 pathway. In this study, we have investigated the relationship between
the regulation of B7 isoform expression on antigen-presenting cells from HIVþ individuals and the
production of Th cytokines. The level of expression of both B7.1 and B7.2 isoforms as measured by
mean channel fluorescence was significantly decreased on freshly isolated monocytes from HIVþ

individuals compared with HIV¹ controls. However, the levels of expression of B7.1 and B7.2 on both
B cells and monocytes increased significantly following culture in HIVþ individuals compared with
HIV¹ controls. B7 expression is subject to regulation by immunoregulatory cytokines. Therefore, we
analysed the regulation of B7 expression by cytokines, namely IL-10 and tumour necrosis factor-alpha
(TNF-a), the production of which is enhanced in HIV infection and have similar inhibitory effects on B7
expression. Two groups of HIVþ individuals were distinguished on the basis of the inhibitory effect of
IL-10 and TNF-a on monocyte B7.2 expression. IL-10 inhibited B7.2 expression on monocytes from
some HIVþ individuals (termed responders) like the HIV¹ controls. However, in a subset of HIVþ

individuals (non-responders) this inhibitory effect was lost. Loss of inhibition of B7.2 expression by IL-
10 was associated with significantly reduced IL-2 production by phytohaemagglutinin (PHA)-
stimulated peripheral blood mononuclear cells (PBMC). These observations showing an association
of B7 dysregulation on monocytes and B cells with altered production of IL-2 may have implications in
HIV immunopathogenesis.

Keywords HIV-1 B7 cytokines

INTRODUCTION

Infection of CD4þ T cells and monocytes with HIV initiates a
series of complex events within the cellular immune system which
ultimately result in depletion of CD4þ T cells, dysregulation of T
helper (Th) cytokines and impaired immune function [1]. Even
before depletion of CD4þ T cells is detected, immune alterations
evidenced by loss of proliferative responses to specific recall
antigens have been observed [2,3]. This deficiency in proliferative
responses has been attributed at least in part to the loss of IL-2
production by T cells [2,3]. It is now well established that T cells
require two distinct signals to become activated. The first signal is
delivered by recognition of antigen–MHC complex by the T cell

receptor. The second signal, the interaction of CD28 with B7,
provides a costimulatory signal for T cell activation and prolifera-
tion that results in IL-2 mRNA stabilization and accumulation
[4,5]. The loss of T cell proliferation in response to antigen/
mitogens may be attributed at least in part to the imbalance in
the signals delivered to T cells via the CD28–B7 pathway.

In HIV infection, the findings of altered expression of CD28 on
CD8þ T cells [6] and the inability of CD28þCD8þ T cells to
produce IL-2 provide evidence for impaired signals delivered to
the T cells via the CD28–B7 pathway [6,7]. Dysregulation of B7
receptors on antigen-presenting cells (APC) may also result in
altered immune responses. B7 exists in at least three different
forms, namely B7.1, B7.2 and B7.3, the first two of which have
been extensively studied [5,8]. It has been suggested that B7
receptors play a vital role in the development of Th responses
[9–11]. While both B7.1 and B7.2 can provide costimulatory
signals, whether or not B7.1 and B7.2 provide distinct signals is

Clin Exp Immunol 1999;117:84–91

84 q 1999 Blackwell Science

Correspondence to: Ashok Kumar, Division of Virology, Research
Institute, Children’s Hospital of Eastern Ontario, University of Ottawa,
401 Smyth Road, Ottawa, Ontario, Canada K1H 8L1.

E mail: akumar@med.uottawa.c



controversial. While several studies have failed to find functional
differences between B7.1 and B7.2, other studies support the
notion that B7.1 and B7.2 may provide qualitatively different
signals [5,9–11]. Differential roles of B7.1 and B7.2 in T cell
development have also been suggested byin vivostudies [9–11]. In
experimental allergic encephalomyelitis, a condition believed to
depend on exaggerated Th1-type immunity, blockade of B7.1 by
anti-B7.1 antibodies results in the generation of Th2 cells and
reduction in disease severity. In contrast, treatment with anti-B7.2
antibodies results in the generation of Th1 responses and increased
disease severity [10]. In another study of a non-obese diabetic
mouse model for insulin-dependent diabetes mellitus, a condition
also involving Th1-type immunity, anti-B7.2 antibodies prevented
the onset of disease whereas anti-B7.1 antibodies resulted in more
rapid onset and severe disease [9]. The reason for contradictory
results in these studies are not understood, but clearly indicate that
skewing the balance of B7 isoform signalling towards B7.1 or B7.2
may modulate Th responses.

Alterations in B7 expression on APC induced by cell activation
or by immunoregulatory cytokines present in the microenviron-
ment may influence B7-dependent biological activity. We have
shown that cytokines which induce the development of Th2
responses (IL-4, IL-10) down-regulate B7.2 and moderately
enhance B7.1 expression on monocytes. In contrast, interferon-
gamma (IFN-g), a cytokine that induces the development of Th1
responses, enhances the expression of both B7.1 and B7.2 isoforms
on monocytes [12]. Imbalance in the regulation of Th1 and Th2
cytokines may be associated with alterations in B7 expression and
the costimulatory signals that they deliver. In HIV infection,
several reports have suggested up-regulation of Th2 cytokines
[13,14], though there have been reports contrary to this hypothesis
[15–19]. Constitutive production of IL-10 has been shown to be
enhanced especially in patients with<400 CD4þ T cells/ml [15].
Altered production of IL-10 in HIV infection may be of signifi-
cance, since the immunoregulatory effects of this cytokine may be
mediated through B7 [20] and MHC class II molecules [21]. The
expression of B7 isoforms on various APC such as monocytes and
B cells, and the role of these isoforms in HIV immunopathogen-
esis, is not known. In this study, we analysed the modulation of B7
expression on monocytes and B cells of HIVþ individuals by
cytokines, namely IL-10 and TNF-a, the production of which is
also enhanced in HIV infection and have similar inhibitory effects
on B7 expression. The effects of IL-10 and TNF-a on the expres-
sion of B7.1 and B7.2 on monocytes and B cells of HIVþ

individuals were correlated with alterations in Th cytokine
production.

PATIENTS AND METHODS

Isolation and culture of peripheral blood mononuclear cells,
culture medium and reagents
Blood was obtained for isolation of peripheral blood mononuclear
cells (PBMC) from healthy adult volunteers and HIVþ individuals
with CD4þ T cell counts ranging from 100 to 600 cells/ml
following approval of the protocol by the Ethics Review Commit-
tee of the Ottawa General Hospital (University of Ottawa, Ottawa,
Ontario, Canada). Blood was collected in tubes containing acid
citrate dextrose (ACD) as anticoagulant. All patients were
Epstein–Barr virus (EBV)-seropositive but had no clinical evi-
dence of infectious mononucleosis or EBV-related malignancies.
All patients were receiving reverse transcriptase inhibitors, and

none had clinical evidence of acute infection at the time of
specimen collection. PBMC were isolated by density gradient
centrifugation over Ficoll–Hypaque (Pharmacia, Uppsala, Sweden)
as previously described [15,22]. The cell layer consisting mainly of
mononuclear cells was collected and washed three times in PBS.
PBMC were resuspended at a concentration of 2×106 cells/ml in
Iscove’s modified Dulbecco’s medium (IMDM; Sigma Chemical
Co., St Louis, MO) supplemented with 10% fetal bovine serum
(FBS; GIBCOLabs, Grand Island, NY),100 U/mlpenicillin,100mg/ml
gentamycin, 10 mM HEPES and 2 mM glutamine. IL-10 and TNF-a
were purchased from R&D Systems (Minneapolis, MN).

Cell stimulation and collection of culture supernatants
PBMC (2×106 cells/ml) were stimulated with either anti-CD3
antibodies (anti-CD3 antibody-secreting hybridoma, OKT 3,
obtained from American Type Culture Collection (ATCC, Rockville,
MD), 1 : 200 final dilution of the culture supernatant) or phyto-
haemagglutinin (PHA; 1 : 50 final dilution) in the presence or
absence of IL-10 or TNF-a (1 ng/ml) in 24-well tissue culture
plates (Falcon, Becton Dickinson, Lincoln Park, NJ). The super-
natants were harvested after 24 h, 48 h and 72 h and frozen at
¹708C. Initial kinetics experiments demonstrated that peak levels
of IL-10 were produced after 48 h of cell culture (data not shown)
and therefore in subsequent experiments cytokine production was
assayed after 48 h of culture. Supernatants were thawed at the time
of analysis for measurement of cytokine production by ELISA.

Measurement of cytokines in the culture supernatants
IL-2, IL-4, IL-10, IL-12 and IFN-g were measured in the culture
supernatant by ELISA using two different MoAbs which recognize
distinct epitopes, as described previously [15,22]. Briefly, the
plates (Nunc Immunomodules, Roskilde, Denmark) were coated
overnight at 48C with the primary antibody at a concentration of 3–
5mg/ml in coating buffer (0·1M NaHCO3, pH 8·2) as described
below. The plates were washed with PBS–Tween 20 and blocked
with PBS–10% FBS. The cytokines were detected by employing a
second biotinylated MoAb in PBS–10% FBS at a final concentra-
tion as listed below. Streptavidin-peroxidase was used at a final
dilution of 1:1000 (Jackson ImmunoResearch, West Grove, PA).
The colour reaction was developed by OPD (Sigma) and hydrogen
peroxide and read at 450 nm. Recombinant cytokines were used as
standards. The concentrations of the primary antibodies and the
secondary biotinylated antibodies used are listed in Table 1.

Flow cytometric analysis
Unstimulated PBMC (3×106/ml) were cultured in the presence or
absence of either IL-10 or TNF-a (1 ng/ml). The B cells and
monocytes were analysed for B7.1 and B7.2 expression after 24 h
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Table 1. Primary and secondary monoclonal antibodies used for
cytokine analysis

Cytokine Primary MoAb Secondary MoAb Source

IL-2 MAB602 (4mg/ml) BAF202 (25 ng/ml) R&D Systems
IL-4 MAB604 (4mg/ml) BAF204 (12·5 ng/ml) R&D Systems
IL-10 18551D (5mg/ml) 18562D (4mg/ml) Pharmingen
IL-12 p40 MAB609 (4mg/ml) BAF 219 (350 ng/ml) R&D Systems
IFN-g MAB285 (4mg/ml) BAF285 (200 pg/ml) R&D Systems



and 48 h of stimulation as described [12]. Briefly, for flow cyto-
metric analysis, cells were washed at the time of harvesting once
with PBS–0·05% sodium azide and distributed into flow cytometry
tubes (Sarstedt, Numbrecht, Germany). Cells were stained with
5ml of either PE-labelled anti-B7.1 (Becton Dickinson, Lincoln
Park, NJ) or PE-labelled anti-B7.2 (PharMingen, Missisauga,
Ontario, Canada) MoAbs and either 2·5ml of FITC-labelled anti-
CD14 MoAbs (Becton Dickinson) for monocytes or 5ml of Tri-
labelled anti-CD19 antibody (Sigma) for B cells. Autofluorescence
and isotype controls (IgG1 for B7.1 and IgG2b for B7.2 (Becton
Dickinson)) were included (data not shown). For PBMC, two
distinct populations (lymphocytes and monocytes) could be visual-
ized. For analysis of B7 expression on monocytes and B cells in
PBMC, cells were gated in monocytic and lymphocytic gates,
respectively. The gates were set in accordance with the gates
obtained with the isotype-matched control antibodies. The gates
obtained for the cultured monocytes and the resting monocytes in
the whole blood were different because of varying amounts of
autofluorescence. B7.1- and B7.2-expressing CD14þ monocytes
were observed in distinct clusters. Mean channel fluorescence
(MCF) was obtained from the B7.1/B7.2-expressing clusters of
CD14þ monocytes. B7.1þ and B7·2þ monocytes were calculated
as a percentage of B7.1- or B7.2-expressing monocytes, respec-
tively, in the total number of CD14þ monocytes. Data were
acquired on a Coulter EPICS XL Flow Cytometer (Coulter Corp.,
Hialeah, FL) by counting 5000 events for B cells and monocytes.
Data were stored as list mode files for later analysis. Validity of
comparisons in the expression levels of B7.1 and B7.2 isoforms
between different patient populations was ensured through the use
of Standard Brite Flow Cytometric Fluorescence Intensity Stan-
dardization beads (Coulter). Dot plot diagrams were analysed using
the Epics Elite Flow Cytometric Workstation software (Coulter).

Statistical analysis
Means were compared by the two-tailed Student’st-test. The
results are expressed as mean6 s.d.

RESULTS

Expression of B7.1 and B7.2 on monocytes and B cells from HIV¹

and HIVþ individuals
To study the expression of B7 isoforms on monocytes and B cells,
whole blood obtained from six HIV¹ and 20 HIVþ individuals
(CD4 counts 100–600/ml) was analysed by two-colour flow cyto-
metry. Most of the monocytes from HIV-infected and uninfected
individuals expressed B7.2 isoform (>95%). The level of B7.1
expression on monocytes of both HIV-infected and uninfected
individuals was very low. The number of monocytes expressing
B7.1 remained<10% in both groups of individuals. The number of
B cells expressing either B7.1 or B7.2 was also comparable in
HIVþ and HIV¹individuals. Expression of B7.1 and B7.2 was
detected on 13·46 1·9% and 22·66 4·9% B cells in HIV¹ indi-
viduals, and 15·86 2·1% and 22·26 4·4% B cells of HIVþ

individuals, respectively. The level of expression of B7.1 and
B7.2 receptors on resting monocytes and B cells in whole blood
from HIVþ and HIV¹ individuals was also compared by measur-
ing MCF with concurrent use of Standard Brite Flow Cytometric
Fluorescence Intensity Standardization beads (Coulter). The level
of B7.1 expression on monocytes and B cells of both HIVþ and
HIV¹ individuals was very low. Interestingly, the expression of
both B7.1 (2·26 0·57 versus 7·66 0·58; P< 0·005) and B7.2

(11·66 1·3versus24·96 3·1;P<0·005) was significantly reduced
on resting monocytes of HIVþ individuals compared with HIV¹

controls (Fig. 1a,b). However, the level of expression of both B7.1
(3·36 0·2versus4·16 0·2) and B7.2 (4·46 0·3versus3·96 0·3)
on CD19þ B cells was comparable in HIVþ and HIV¹individuals
(Fig. 1a,b).

Monocytes become activated following culture in the absence
of any exogenous stimulant, and this activation may affect the
expression of B7 isoforms. To determine the expression of B7
isoforms on B cells and monocytes following culture, PBMC were
isolated from five HIVþ (CD4 counts 100–600/ml) and five HIV¹

controls and cultured for 24 h in medium alone. In comparing
freshly isolated PBMC with PBMC subjected to 24 h of culture, the
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Fig. 1. Analysis of B7.1 (a) and B7.2 (b) expression on freshly isolated
(resting) B cells and monocytes of HIVþ (A) and HIV¹ individuals (B) by
flow cytometry. Peripheral blood mononuclear cells (PBMC) from six
HIVþ and five HIV¹ individuals were stained with either PE-labelled anti-
B7.1 or PE-labelled anti-B7.2 antibodies and counterstained with either
FITC-labelled anti-CD14 antibodies for monocytes or Tri-labelled anti-
CD19 antibodies for B cells as described in Patients and Methods. The cells
in the lymphocytic and monocytic gate were analysed for the expression of
B7.1 and B7.2 on B cells and monocytes, respectively. The expression of
B7.1 and B7.2 is represented as the mean6 s.d. of mean channel
fluorescence (MCF). The comparability in the expression levels of B7.1
and B7.2 isoforms between different patient populations was ensured
through the use of Standard Brite Flow Cytometric Fluorescence Intensity
Standardization beads (Coulter).
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expression of both B7.1 and B7.2 isoforms was significantly up-
regulated following culture on both monocytes and B cells from
HIVþ individuals (Fig. 2a,b). MCF of B7.2 expression was
11·76 3·4 on resting monocytesversus45·56 12·7 on cultured
monocytes and 5·46 1·1 on resting B cellsversus15·36 4·2
following culture. MCF of B7.1 expression was 2·46 0·1 on
resting monocytesversus27·16 12·6 on cultured monocytes and
3·66 0·2 on resting B cellsversus14·36 5·7 following culture.
However, the level of expression of both B7.1 and B7.2 remained
unchanged in resting and cultured monocytes as well as B cells of
HIV¹ individuals (Fig. 2a,b). Thus, although expression of B7.1
and B7.2 is decreased on resting monocytes of HIVþ individuals
compared with HIV¹ controls (Fig. 1), activation of monocytes by
overnight culture in the absence of any stimulant enhances the
expression of both B7 isoforms on both monocytes and B cells of
HIVþ individuals. As this phenomenon was not seen in HIV¹

controls, these findings support dysregulation of B7 receptors on
both monocytes and B cells of HIVþ individuals. Dot plot
diagrams depicting the expression of B7.1 and B7.2 on resting
and cultured monocytes from representative HIV¹ and HIVþ

individuals are shown in Fig. 3a and 3b, respectively.

Effects of IL-10 and TNF-a on B7.1 and B7.2 expression on
monocytes and B cells of HIV¹ and HIVþ individuals
Dysregulation of B7 expression on monocytes and B cells of HIVþ

individuals was further investigated by studying the effects of
immunoregulatory cytokines which are known to influence the
expression of B7 isoforms. Several studies have shown that

monocyte B7.2 expression is down-regulated by IL-10 and TNF-
a in HIV¹ individuals [12,23]. We and others have also demon-
strated that IL-10 is produced constitutively by PBMC of HIVþ

individuals [15]. Furthermore, TNF-a production by PBMC of
HIVþ individuals is also increased compared with that of HIV¹

controls [24]. Excessive production of IL-10 and TNF-a in the
microenvironment may influence B7 expression and may thus alter
B7-mediated biological activity. To study the effect of IL-10 and
TNF-a on B7 isoform expression on monocytes of HIVþ and
HIV¹individuals, PBMC were cultured in the presence or absence
of either IL-10 or TNF-a for 24 h and cells were subsequently
analysed by two-colour flow cytometry.

For HIV¹ control subjects, IL-10 and TNF-a down-regulated
the expression of B7.2 on monocytes, as reported previously [12]
(Fig. 4a,b). Two groups of HIVþ individuals were distinguished on
the basis of the inhibitory effect of IL-10 and TNF-a on monocyte
B7.2 expression. IL-10 inhibited B7.2 expression on monocytes
from some HIVþ individuals (termed responders) but not from
others (termed non-responders). Similar results were obtained for
TNF-a (Fig. 4b). Differences in the expression of B7 isoforms
were not observed on resting monocytes and B cells and following
culture between responders and non-responders (data not shown).
The inhibitory effect of IL-10 correlated with circulating CD4þ T
cell numbers. The number of CD4þ T cells in the responder group
was significantly higher than the numbers in the non-responder
group (3466 220 in the responders (n¼ 15)versus1406 67 in the
non-responders (n¼ 15); P<0·003). These results provide further
evidence for dysregulation of B7.2 receptor expression on monocytes
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Fig. 2.Analysis of B7.1 (a) and B7.2 (b) expression on monocytes (i) and B cells (ii) from HIVþ and HIV¹ individuals following activation by
overnight culture, as measured by flow cytometric analysis. Peripheral blood mononuclear cells (PBMC) from six HIVþ and five HIV¹

individuals were cultured overnight in the absence of any stimulus. B cells and monocytes were stained for B7.1 and B7.2 expression as
described in the legend to Fig. 1 and in Patients and Methods. The expression of B7.1 and B7.2 is represented as the mean6 s.d. of mean
channel fluorescence (MCF).B, Resting;A, culture.
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of HIVþ individuals. Dot plot diagrams showing B7.2 expression in
the presence and absence of IL-10 on monocytes from one represen-
tative HIV¹ individual, HIVþ IL-10 responder and IL-10 non-
responder are shown (Fig. 5). Neither IL-10 nor TNF-a affected
B7.2 expression on B cells of HIV¹ and HIVþ individuals (data not
shown). IL-10 and TNF-a did not influence B7.1 expression on
monocytes or B cells as well (data not shown).

Loss of inhibitory effect of IL-10 on B7.2 expression on monocytes
is associated with the loss of IL-2 production by PHA-stimulated
PBMC of HIVþ individuals
Recent evidence suggests that B7 receptors may play a vital role in
the development of Th immune responses [9–11]. Our findings of
dysregulated B7 expression on monocytes of HIVþ individuals
raised the possibility of associated alterations in the production of
the immunoregulatory cytokines IL-2, IL-4, IL-10, IL-12 and IFN-
g. Therefore, supernatants from PHA-stimulated PBMC of HIVþ

and HIV¹ individuals were analysed for the production of these
cytokines by ELISA. Simultaneously, PBMC from the same
individuals were cultured in the presence or absence of IL-10
and analysed for expression of B7.2 on monocytes. PBMC from
HIVþ individuals were identified as responders and non-
responders based on their susceptibility to the inhibitory effects
of IL-10 on B7.2 expression on monocytes. PBMC from HIVþ

non-responders (n¼ 8) produced significantly lower levels of IL-2
than did PBMC from HIVþ responders (n¼ 7; P< 0·05) and HIV¹

individuals (n¼ 9; P<0·05; Fig. 6). Furthermore, PBMC from
HIVþ IL-10 non-responders produced relatively lower levels of
IL-4, IL-10, and IFN-g (Fig. 6), but the differences did not reach

statistical significance. IL-10 produced by the non-responders was
significantly lower compared with that produced by HIV¹ indi-
viduals (P< 0·05). However, there was no difference in the levels
of IL-10 produced by the HIVþ responders and the HIV¹ indi-
viduals. PBMC from both groups of HIVþ individuals produced
very low levels of IL-12 and were not significantly different.
However, IL-12 produced by both groups of HIVþ individuals
was significantly lower than that observed in HIV¹ individuals
(P<0·005).

DISCUSSION

In this study we provide evidence for dysregulated B7 isoform
expression on monocytes and B cells from HIVþ individuals which
is correlated with alterations in IL-2 production. This is supported
by a number of findings. The level of expression of both B7
isoforms as measured by MCF was significantly decreased on
freshly isolated monocytes from HIVþ individuals compared with
HIV¹ controls. However, the levels of expression of B7.1 and B7.2
on both B cells and monocytes increased significantly following
culture in HIVþ individuals compared with HIV¹ controls.
Furthermore, we show that in a subset of HIVþ individuals, IL-
10 and TNF-a failed to inhibit B7.2 expression on monocytes, and
that this loss of inhibition was correlated with loss of IL-2
production by PHA-stimulated PBMC. These observations suggest
that dysregulated expression of B7 isoforms on monocytes and B
cells may have implications in HIV immunopathogenesis.

There is evidence to suggest that B7 isoforms play a vital role
in the pathogenesis of autoimmune and infectious diseases.
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Fig. 3. Dot plot diagrams of B7.1 (a) and B7.2 (b) expression on resting and cultured (activated) monocytes. Peripheral blood mononuclear cells (PBMC)
were stained for the expression of B7.1 and B7.2 as described in the legend to Fig. 1. Dot plot diagrams from one representative HIV¹ and HIVþ individual
are shown.
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Expression of both B7.1 and B7.2 is up-regulated following
stimulation with bacterial lipopolysaccharides, whereas Neisserial
porins up-regulate B7.2 expression alone [25]. In contrast, infec-
tion of monocytes withMycobacterium tuberculosisandLeishmania
donovaniinhibits B7.1 expression [26,27]. B7.1 expression is up-
regulated on T cells and APC in experimental allergic encephalitis
and blockade of B7.1 with anti-B7.1 antibodies can ameliorate
disease severity [9,10]. Several reports have also shown
increased expression of B7.1 on peripheral blood T cells from
patients suffering from chronic liver disease and autoimmune
diseases [28]. In HIV infection, B7.1 and B7.2 expression on T
cells and CD4þ T cell lines was found to be up-regulated
[29,30]. B7.1 expression was also found to be significantly
higher on monocytes of HIVþ individuals, particularly those
receiving anti-retroviral therapy [31]. In the present study we
show that, compared with HIV¹ controls, freshly isolated mono-
cytes and B cells from HIVþ individuals express lower levels of
B7.1 and B7.2 (Fig. 1). Activation of monocytes and B cells by
overnight culture in the absence of any stimulant resulted in up-
regulation of B7.1 and B7.2 in HIVþ individuals, but not in
HIV¹ controls. Our findings of up-regulation of B7 isoforms on

monocytes and B cells from HIVþ individuals by mild stimuli
such as overnight culture indicate dysregulation of B7 receptor
expression on APC.

The pathophysiological consequences of altered expression of
B7 molecules on APC are not clear. Increased expression of B7 on
monocytes has been correlated with enhanced APC function [32],
and high levels of B7.1 expression on tumour cells transfected with
B7.1 were associated with increased susceptibility to natural killer
(NK)-mediated lysis [33]. Similarly, interaction of CD4þ T cells
with gp120 has been shown to decrease B7.1 expression, resulting
in the loss of T cell signals and cell proliferation in response to anti-
CD3 antibodies [34]. It has been suggested that over-expression of B7
molecules may break self tolerance and induce an autoimmune
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Fig. 4.Effect of IL-10 (a) and tumour necrosis factor-alpha (TNF-a) (b) on
B7.2 expression on monocytes of HIVþ and HIV¹ individuals. Peripheral
blood mononuclear cells (PBMC) from 10 HIVþ and five HIV¹individuals
were cultured in the presence or absence of either IL-10 or TNF-a for 24 h.
The CD14þ monocytes were analysed for the expression of B7.2 by flow
cytometry as described in the legend to Fig. 1 and in Patients and Methods.
Monocytes from HIVþ individuals showing inhibition of B7.2 expression
(responders) and those showing resistance to the inhibitory effects of IL-10
and TNF-a (non-responders) are shown. The expression of B7.2 is
represented as the mean6 s.d. of mean channel fluorescence (MCF).
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Fig. 5. Dot plot diagrams showing the effect of IL-10 B7.2 expression on
monocytes. Peripheral blood mononuclear cells (PBMC) from HIVþ and
HIV¹ individuals were cultured in the presence or absence of IL-10 for 24 h
and stained for B7.2 expression on monocytes as described in the legends to
Figs 1 and 4. Dot plot diagrams of B7.2 expression on monocytes showing
inhibition of B7.2 expression (responders) and those showing resistance to
the inhibitory effects of IL-10 (non-responders) from representative HIV¹,
HIVþ responder and HIVþ non-responder individuals are shown.
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state [35,36]. The question of the immunological consequences of
altered B7 expression on APC was addressed using a transgenic
mouse model in which B7 receptors were constitutively expressed
on B cells [35]. Transgenic mice exhibited loss of immature B cells
and loss of CD28 expression on T cells relative to their wild-type
littermates, but their antigen-specific cellular responses were not
affected [35]. Whether over-expression of B7 on activated mono-
cytes and B cells induces loss of CD28 expression on T cells and
development of predominantly CD28¹ memory T cells in HIV
infection [6,7] remains to be investigated.

B7 expression on APC is influenced by immunoregulatory
cytokines. We have previously demonstrated that IL-10 and TNF-
a decreased the expression of B7.2 on monocytes of HIV¹ indi-
viduals [12]. IL-10 is produced by Th2, Th0, CD8þ T cells and
monocytes, and functions to inhibit cellular immune responses by
inhibiting cytokines produced by Th1 cells, T cell proliferation and
monocyte functions [21,37]. It has been shown to induce immune
unresponsiveness [38]. The production of IL-10 and TNF-a is
significantly enhanced in monocytes of HIVþ individuals and in
normal monocytes infectedin vitro with HIV [24]. Enhanced
production of these cytokines may exert a negative regulatory
effect on B7 expression and induce immune unresponsiveness.
Here we show that inhibition of B7.2 expression on monocytes by
IL-10 and TNF-a was lost in a subgroup of HIVþ individuals. The
molecular mechanism underlying the loss of B7 inhibition by IL-
10 has not been studied, but may be attributed to the desensitization
of monocytes caused by excessive production of IL-10 and TNF-a

following HIV infection. Alternatively, HIV regulatory antigens
such as tat, nef or rev may specifically modulate IL-10-mediated
inhibitory effects on B7 expression. Inhibition of B7.2 expression
by either IL-10 or TNF-a was not observed in B cells of either
HIVþ or HIV¹ individuals, a finding which is in agreement with a
previous report suggesting that IL-10 inhibits the APC function of
monocytes but not of B cells [21].

B7 receptors have also been suggested to play a vital role in the
induction of Th cytokines [5,10,39]. The physiological significance
of the loss of inhibition of B7.2 expression was investigated by
comparing the production of Th cytokines in PHA-stimulated

PBMC between the responder and non-responder groups of
HIVþ individuals. We show here correlation of dysregulation of
B7 receptor expression on monocytes with the loss of IL-2
production following PHA stimulation of PBMC. This is in
agreement with the proposed role of B7 in inducing the expression
of IL-2 [40–42]. We also show that the loss of B7 inhibition was
associated with relatively lower levels of IL-4 and IL-10 in the
non-responder group. Lower levels of IL-10 produced by non-
responders are in agreement with our previous observations
[15,19]. Furthermore, IL-12 production by both the groups was
significantly decreased compared with the HIV¹ individuals, as
previously reported [43]. Although we have not observed signifi-
cant differences in the production of IL-4, IL-10, IL-12 and IFN-g

in the two subgroups, it is likely that the production of some of
these cytokines may be impaired in specific cell types, e.g. IL-10
production by T cells or IL-12 production by monocytes. Studies
are in progress to determine the expression of the above mentioned
cytokines in specific cell types by intracellular staining. The trend
towards lower IL-10 and IL-4 production in HIVþ non-responders
may indicate the loss of immune responsiveness in these indi-
viduals. The current observation of a correlation between IL-2
production and loss of IL-10-induced B7.2 inhibition of expression
on monocytes supports an important role for the B7–CD28 path-
way in HIV immunopathogenesis.

The status of the patients showing loss of regulation of B7
receptors with respect to the clinical state of HIV infection is not
clear. The non-responder group showed lower levels of CD4þ T
cells compared with the responder group, indicating that HIVþ

non-responders may be further in their HIV disease progression
despite the absence of observed differences in measured clinical
characteristics. Dysregulation of B7 receptors, loss of IL-2 produc-
tion and the relative decreased production of other cytokines in the
non-responder group would further suggest to be in the advanced
disease stage. The present cross-sectional study of asymptomatic
HIVþ individuals does not specifically address the effect of virus
load on dysregulation of B7 receptor expression over time. HIVþ

individuals receiving protease inhibitors, which dramatically
reduce virus load, may be the ideal subjects to study this issue.
We have previously demonstrated up-regulation of CD28 expres-
sion on CD8þ T cells, enhanced production of IL-2 and IL-12, and
increased proliferative responses to recall antigens and mitogens in
HIVþ patients receiving anti-retroviral therapy [44]. Further studies
are necessary to understand the molecular mechanisms responsible
for the observed dysregulation of B7 receptors.
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