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SUMMARY

Macrophage populations derived from Trypanosoma brucei-infected mice suppress both interleukin-
2 (IL-2) production and IL-2 receptor (IL-2R) expression. A prostaglandin-independent mechanism
accounts for the suppression of IL-2R expression, while the suppression of IL-2 is prostaglandin-
dependent. A macrophage hybridoma cell line (i.e. 2C 1 1-12) was used to mimic the parasite-induced
immunosuppression in vitro. It was found that 2C I I-12 cells acquired a suppressive potential in vitro
following interaction with opsonized living parasites. T. brucei-pulsed 2C1 1-12 cells failed to block
IL-2 secretion in the presence of indomethacin but still suppressed the IL-2R expression. In contrast,
addition of living T. brucei parasites to the cultures caused a complete suppression of IL-2 secretion
and IL-2R expression, even in the presence of indomethacin. Hence, the addition of excess living
parasites to the cultures could cause a depression which was different from the suppression associated
with infection, whereas the addition of parasite-pulsed 2C 11-12 cells mimicked the situation
occurring during infection. This model system can be adopted as a suitable tool to unravel the
mechanisms underlying the suppression of IL-2R expression during T. brucei infections.

INTRODUCTION

It is well established that both T- and B-cell responses are
profoundly suppressed in mice infected with African trypano-
somes. However, no agreement has been achieved about the
nature of the mechanisms underlying the immunosuppression.
The reduced immunoresponsiveness has been attributed to
suppressor T cells,' suppressive adherent macrophage-like
cells2,3 or combinations of both cell types.4,5 Finally, Askonas et
al. have demonstrated an increase in prostaglandin and hydro-
gen peroxide production by macrophages (M4) from infected
mice, thereby suggesting a key role of the MO in the immunolo-
gical unresponsiveness through the release of such suppressive
agents.6-8

Examination of the T-cell responsiveness has recently shown
that whilst concanavalin A (Con A)-stimulated lymph node cells
derived from Trypanosoma brucei-infected mice could secrete
macrophage-activating lymphokines and interferon, they were
unable to secrete interleukin-2 (IL-2)9 and failed to express
receptors for IL-2 (IL-2R).'0 Thus, the inhibition of the T-cell
proliferation could be attributed to a 'selective' suppression of
the IL-2/IL-2R circuit. At least two mechanisms appeared to be
implicated in this suppression of IL-2 release and IL-2R
expression. The reduction of the T-cell proliferation was in part
due to the generation of prostaglandin-secreting M4; these
'suppressive' cells were entirely responsible for the suppression
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of IL-2 secretion, but were not the cause of the suppression of
IL-2R expression. A second, prostaglandin-independent sup-
pressive mechanism was simultaneously generated which
blocked the expression of IL-2R on both CD4+ and CD8+
targets but which did not alter the amount of IL-2 secreted. This
second mechanism was, again, mediated by cells that co-purify
with the MO fraction (Macd+, Thy-l-, fibronectin receptor+,
nylon wool-adherent and plastic-adherent).""2 Although
prostaglandins have been clearly identified as the effector
molecules mediating down-regulation of IL-2 production, the
molecules responsible for the decrease of the IL-2R expression
remain unknown.

Due to the heterogeneity of MO populations derived from
infected mice, it was extremely difficult to attempt the character-
ization of the molecular mechanisms implicated in the observed
immunosuppression. In the present report, we describe the use
of a cloned M4 hybridoma cell line to mimic the parasite-
induced immunosuppression in vitro.

A cloned MO hybridoma (2C11-12), generated in our
laboratory,'3 was allowed to adhere to a plastic surface and
subsequently opsonized with antibody-coated long slender T.
brucei trypomastigotes at a MO: parasite ratio of 1:100. The
culture was then repeatedly washed until no free parasites or
immune complexes could be observed by microscopy. The
pulsed MO were released by vigorous pipetting, irradiated at 900
rads to stop their proliferation, and then co-cultured with
freshly isolated lymph node cells at a final ratio of 1:20. This
concentration roughly corresponded with the amount of MO
found in the lymph node cell populations. Finally, the cultures
were stimulated with concanavalin A (Con A). All the cultures
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Table 1. Suppression of T-cell proliferation by parasite-pulsed 2C1 1-12 cells

IL-2R expression¶
T-cell IL-2 mean fluorescence

proliferation: secretion§
A c.p.m. x 10-3 U/ml CD4+ cells CD8+ cells

LNC* 184 8-9 85 101
LNC+2C11-12-T. bruceit 73 9-2 19 26
LNC+2C11-12-SRBCt 216 ND ND ND

* Lymph node cells (LNC) isolated from normal FI(C57B1/6 x BALB/c) mice were cultured at a

concentration of 2 x 106 cells/ml and were stimulated with Con A.
t The cells were co-cultured with 2C 11- 12 hybridoma cells which were first opsonized with T. brucei

trypomastigotes (2C1 - 12- T. brucei) or sheep red blood cells (2C1 -12-SRBC).
t The proliferation of the cells was measured by incorporation of [3H~thymidine and is expressed as

counts per minute per 200 yl aliquot (4 x 105) cells. The shown data are A values (c.p.m. sample-c.p.m.
background).

§The amount of IL-2 in the cell-free supernatants was measured by titration on CTL-L2 cells. In
contrast to most CTL-L2 clones, the clone used was unsensitive to IL-4 but responded normally to IL-
2." The results are expressed as half-maximal IL-2 units per ml. The limit ofdetection of the assay is I U/
ml. Background values were always below the detection limit.

T The expression of IL-2R on CD8 + and CD4+ T-cell subsets was measured by double
immunofluorescence. The 7D4 monoclonal antibody (rat anti-mouse IL-2 receptor a chain; ATCC,
Rockville, MD) was purified by affinity chromatography and labelled with fluorescein isothiocyanate
(FITC). The cells were stained directly with the 7D4 antibody and then incubated with phycoerythrin-
conjugated anti-L3T4 antibody (Becton-Dickinson, Mountain View, CA) or with a biotin-conjugated
anti-Ly-2 antibody plus phycoerythrin-conjugated streptavidin (Becton-Dickinson). The fluorescent
activity was analysed on FACStar (Becton-Dickinson), a gate was set on the phycoerythrin-positive cells
and the gated cells were then analysed for FITC activity. The results were analysed as the mean
fluorescent activity and expressed as arbitrary FITC units. The shown data are the delta values (FITC
units sample-FITC units background).
ND, not done.

Table 2. Addition of excess parasites in vitro inhibits both IL-2 secretion and IL-2R expression

T-cell IL-2 IL-2R
proliferation secretion expression

A c.p.m. x l0-3 U/ml mean fluorescence

LNC* 272 8-6 162
LNC+ 107 T. brucei/ml 275 9-7 158
LNC+ 108 T. brucei/ml I 0-1 12

* Lymph node cells (LNC) from normal mice were cultured at a concentration of 2 x 106/ml and
stimulated with Con A. Purified living parasites are added at different concentrations. The T-cell
proliferation, IL-2 secretion and IL-2R expression were measured as described in Table 1 except that the
IL-2R expression ws analysed on the whole T-cell population and not separately on CD4+ and CD8+
fractions.

were supplemented with indomethacin (10 ug/ml) and catalase
(10,000 units/ml) to avoid prostaglandin and hydrogen per-

oxide-mediated suppression, respectively.
It was found that the 2C1 1-12 hybridoma pulsed with T.

brucei blocked the Con A-induced T-cell proliferation whereas
MO pulsed with sheep red blood cells were not inhibitory (Table
1). Antibody-coated parasites alone added in suspension at an

equivalent concentration were not suppressive (data not
shown). It thus appeared that 2C1 1-12 cells acquired a suppres-

sive potential following in vitro interactions with opsonized
living parasites. Although it was tempting to use such cells as a

model for the infection-associated impairment of T-cell unres-

ponsiveness, it was important to consider the possibility that the
observed suppression was not simply due to an intoxication of
the cultures or to an irrelevant Con A unresponsiveness. Indeed,
using T-cell proliferation as a test system, it was impossible to
discriminate between a suppression, relevant to the infection-
associated pathology, or an irrelevant paralysis or intoxication.
However, the previously described capacity of Mq from
infected mice to affect differentially IL-2 production and IL-2R
expression provided us a way to evaluate the functional
relevance of the in vitro generated suppressive Mo.
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We found that the T. brucei-pulsed 2C1 1-12 cells failed to
block the production of IL-2 in the presence of a prostaglandin
synthesis inhibitor (indomethacin) but still suppressed the
expression of IL-2R on both CD4+ and CD8+ targets (Table 1).
This behaviour resembled the suppressive characteristics ofMO
from infected mice and ruled out the possibility of a paralysis/
intoxication since high levels of IL-2 secretion were maintained.

In vitro suppression of T-cell proliferation could also be
achieved by adding high numbers of living parasites to the
cultures as shown in Table 2. It seems, however, that this system
is not as adequate as the parasite-pulsed 2C I I-12 cells to mimic
the infection-associated suppression. Indeed, when very high
numbers of trypanosomes were added, the secretion of IL-2
secretion was blocked absolutely, even in the presence of
indomethacin. The mechanisms by which suppression is
achieved by adding an excess parasites in vitro are thus not
necessarily identical to the mechanisms causing suppression
during infection.

On the basis of these results, we conclude that the parasite-
induced immunosuppression can be mimicked perfectly in vitro
using T. brucei-pulsed 2C1 1-12 cells. Addition of an excess of
living parasites, on the other hand, can cause a depression which
is different from the suppression occurring during infection.

Besides the development ofan in vitro simulation model, our
data also stress, once more, the importance of parasite-MO
interactions in the generation of immunosuppression. It has
been shown previously that peritoneal MO which were allowed
to phagocytose irradiated T. brucei in vivo for 1-2 hr were able to
induce suppression of antigen-specific B-cell responses follow-
ing transfer to naive recipients.'4 Our present data thus confirm
the key role of the MO as the primary targets of immunosup-
pression and also show that the whole process can be mimicked
entirely in vitro by using the differential suppression of IL-2 and
IL-2R expression as an indicator to probe the functional
relevance of the observed inhibition.

In vitro models have also been developed to study the
immunosuppressive potential of related parasites such as T.
cruzi. The addition of living trypomastigotes to human periph-
eral blood mononuclear cells results in a decreased T-cell
proliferation subsequent to mitogenic stimulation.'5 Interest-
ingly, it has been shown recently that the expression of IL-2R is
markedly suppressed in such models, whereas the IL-2 secretion
is not affected.'6"'7 It would thus appear that the mechanisms of
immunosuppression in the in vitro T. brucei model are similar to
the mechanisms of suppression in the in vitro T. cruzi model, the
major difference being the fact that the T. brucei trypomasti-
gotes must be pulsed on a MO to initiate suppression.

In conclusion, the suppression of T-cell proliferation asso-
ciated with T. brucei infection in mice can be simulated in vitro
using the 2C 1-12 M4 hybridoma pulsed with T. brucei
trypomastigotes.
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