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We studied the suppressive effects induced in phytohemagglutinin (PHA)-stimulated human peripheral blood
mononuclear cells (PBMC) by purified blood forms of Trypanosoma brucei rhodesiense. The parasite was found
to markedly impair lymphocyte proliferation (measured in terms of [*H]thymidine incorporation). The extent
of this effect increased with parasite concentration and was not due to mitogen absorption, depletion of medium
nutrients, or PBMC killing by the parasite. Significant reductions in interleukin-2 receptor (IL-2R) expression,
determined by flow cytometric analysis, were also observed in PHA-stimulated PBMC cultured in the presence
of T. b. rhodesiense as evidenced by marked decreases in the surface density of the receptor. Concomitant
decreases in the percentage of IL-2R™ cells were recorded in approximately half of the experiments. A discrete,
dimly stained subpopulation of IL-2R* cells was consistently demonstrable whether or not a reduction in the
percentage of IL-2R* cells occurred. Living, but not glutaraldehyde-fixed, parasites suppressed IL-2R
expression. In Kkinetic studies, a low but reproducible level of suppression of IL-2R was demonstrable as early
as 6 h after PHA stimulation; the extent of this effect became considerably more pronounced as additional
culture time elapsed. Levels of IL-2 biological activity in cocultures of T. b. rhodesiense with PHA-stimulated
PBMC were comparable with or higher than those present in control cultures lacking the parasite. Therefore,
insufficient levels of this cytokine would be an unlikely explanation for the noted suppression of IL-2R
expression and lymphoproliferation. These effects of 7. b. rhodesiense could represent an important component

of the mechanism by which immunosuppression develops in African sleeping sickness.

Infections caused by African trypanosomes of the brucei
group are accompanied by multiple manifestations of immu-
nosuppression which have been extensively documented in
terms of alterations in T- and B-cell responses to antigens
and mitogens (1, 2, 7, 9, 10, 16, 18-20). Recent reports have
also identified diminished interleukin-2 receptor (IL-2R)
expression by lymphocytes from mice infected with Trypa-
nosoma brucei brucei (18, 19). Whereas all of these immu-
nological abnormalities observed in infected mammalian
hosts attest to the wide-ranging suppressive effects of Afri-
can trypanosomes, very little, if anything, is known about
the mechanism(s) that lead to their occurrence. In our initial
approach to this subject we looked into whether African
trypanosomes can affect the functions of normal lympho-
cytes and made an attempt to define the underlying mecha-
nisms. To this end, we used an in vitro system recently used
with success to examine aspects of the immunosuppression
induced by Trypanosoma cruzi (3, 4, 11, 12). In this work,
we studied the ability of Trypanosoma brucei rhodesiense to
affect the capacity of human lymphocytes to proliferate,
express IL-2R, and produce IL-2 after mitogenic stimula-
tion. We will show herein that the parasite markedly curtails
IL-2R expression and lymphoproliferation by human phyto-
hemagglutinin (PHA)-activated peripheral blood mononu-
clear cells (PBMC) despite the presence of sufficient levels of
IL-2 activity in the system.

* Corresponding author.
t Present address: Oncology Center, The Johns Hopkins Univer-
sity, Baltimore, MD 21205.
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MATERIALS AND METHODS

Parasites. The KETRI-2285 isolate of 7. b. rhodesiense
used in this work, originally from the Kenya Trypanosome
Research Institute, was kindly provided by Allen B. Clark-
son, New York University. The organisms were initially
stored under liquid nitrogen and then maintained by serial
intraperitoneal passages in Crl-CD1(ICR) Swiss mice
(Charles River Laboratories, Portage, Mich.). The flagellates
were purified from the blood of mice infected intraperitone-
ally 2 to 3 days previously with 2 x 10° to 5 X 10° organisms
by chromatography through diethylaminoethyl-cellulose (13)
using a buffer containing 103 mM Tris (pH 7.4), 1.5%
glucose, and 58 mM NaCl for column equilibration and
elution. The recovered flagellates were washed twice by
centrifugation with RPMI 1640 medium (GIBCO, Grand
Island, N.Y.) containing 10% heat-inactivated (56°C, 20 min)
fetal bovine serum (Sigma Chemical Co., St. Louis, Mo.),
100 IU of penicillin per ml, and 100 pg of streptomycin per
ml. This medium will be referred to in the text as complete
medium. Parasite concentrations were determined micro-
scopically, using a hemacytometer, and adjusted to the
desired level in the same medium. The suspensions con-
sisted of 100% trypomastigotes, >99.9% motile.

Killed parasites. T. b. rhodesiense parasites were killed by
suspending them at 2 X 107 organisms per ml in 0.025%
glutaraldehyde in phosphate-buffered saline (PBS) and incu-
bation at 4°C for 15 min. After being washed with cold PBS,
the fixed trypanosomes were resuspended in 0.1 M lysine
(4°C, S min). The parasites were then washed twice with and
resuspended at 5 X 107 organisms per ml in complete
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medium. Glutaraldehyde-treated T. b. rhodesiense was
stored at 4°C until use.

Preparation of PBMC. Blood was obtained from healthy
volunteers. The PBMC were purified by centrifugation
through a mixture of Ficoll-Hypaque of density 1.077. After
two washings with complete medium, the PBMC were
resuspended in the same medium, counted, and adjusted to
the desired concentration. Cell viability, determined by
trypan blue dye exclusion, was invariably >99%.

Lymphoproliferation assays. Cultures of PBMC in 96-well
plates (100 pl per well; 1.25 x 10° cells per ml) were
incubated at 37°C and 5% CO, in the presence or absence of
PHA (Sigma), with or without T. b. rhodesiense, for various
periods of time, and pulsed with 1 wCi of [*H]thymidine
(PHITdR; specific activity = 2 Ci/mmol; Amersham, Arling-
ton Heights, Ill.) per well. The concentrations of parasites
and the lengths of the [*H]TdR pulses are described in the
Results section. Unless otherwise noted, PHA was used at 5
wng/ml. All cultures were terminated by automated harvesting
and processed for liquid scintillation counting. Each condi-
tion was tested in triplicate or quadruplicate. The statistical
significance of differences in levels of [PH]TdR incorporation
was determined by Student’s ¢ test.

Flow cytometric determinations. Cultures of PBMC in
24-well plates (1 ml per well at 1.25 x 10° cells per ml) were
incubated at 37°C and 5% CO, in the presence or absence of
PHA (5 pg/ml) with or without T. b. rhodesiense. The cells
were washed with PBS containing 1% bovine serum albumin
and 0.1% sodium azide (PBS + BSA + azide) and were
incubated with fluorescein (FITC)-labeled anti-IL-2R mono-
clonal antibody (anti-CD25, immunoglobulin G1 (IgG1) spe-
cific for an epitope of the pS5 chain; Becton Dickinson, San
Jose, Calif.) for 30 min at 4°C, followed by two washings
with PBS + BSA + azide. Cells stained with FITC-labeled
normal mouse IgGl were used as controls for background
fluorescence. The stained cells were fixed in 1% formalde-
hyde and stored at 4°C in the dark until analyzed by using a
FACScan flow cytometer (Becton Dickinson). A minimum
of 10,000 cells, gated on forward versus 90° light scatter to
exclude erythrocytes, platelets, nonviable cells, and 7. b.
rhodesiense, were accumulated for each histogram. There
was no detectable binding of FITC-anti-IL-2R monoclonal
antibody to T. b. rhodesiense. The percentage of positive
cells was estimated against a background of cells stained
with FITC-normal mouse IgGl. Mean channel numbers of
the logarithm of fluorescence intensities of the positive cell
populations (MFCh) were used to compare the relative
density of the relevant lymphocyte marker in the presence or
absence of T. b. rhodesiense. The logarithm of fluorescence
intensities was distributed over four decades.

Determination of IL-2. The IL-2-dependent CTLL-2 cell
line was used to determine the biological activity of IL-2.
The conditions for growing these cells and performing the
assay have been described in detail (4, 14). Results were
expressed as units of IL-2 per milliliter with reference to a
laboratory IL-2 standard arbitrarily assigned a value of 1,000
U of IL-2/ml. This standard was a concanavalin A-stimu-
lated rat splenocyte culture supernatant. Whether T. b.
rhodesiense was capable of absorbing or consuming IL-2
was established by measuring residual levels of this cytokine
in filtrates (0.45-pum pore size) of solutions of recombinant
human IL-2 (rhIL-2; specific activity = 1.6 X 10’ IU/mg; a
kind gift from Peter Sorter, Hoffmann-LaRoche, Nutley,
N.J.) incubated at 37°C for 13 h with 1 X 107 or 2 x 107
parasites per ml. For this purpose, we used a commercially
available kit (Intertest 2; Genzyme, Boston, Mass.), which
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was also used to measure IL-2 antigen in the culture super-
natants of some experiments, in terms of manufacturer’s
defined units.

Absorption of complete medium and PHA solutions with
T. b. rhodesiense. Solutions of PHA (concentrations de-
scribed under Results) in complete medium were absorbed at
37°C and 5% CO, with 2 X 107 T. b. rhodesiense parasites
per ml for 13 h or with 1 X 107 T. b. rhodesiense parasites per
ml for 40 h. The parasites were then removed by filtration
through sterile 0.45-pm-pore-size filters. The filtrates were
used in lymphoproliferation assays as the source of PHA.
For control purposes, parallel mock absorptions and filtra-
tions of complete medium were performed under the same
conditions in the absence of trypanosomes.

RESULTS AND DISCUSSION

Suppressive effects of T. b. rhodesiense on PHA-stimulated
human PBMC. In the presence of T. b. rhodesiense, PHA-
activated PBMC displayed a markedly decreased capacity to
express IL-2R (Fig. 1). This was denoted by significant
reductions in both the percentage of IL-2R-positive cells and
shifts to the left of the logarithm of fluorescence intensity,
representing the density of expression of the marker on the
cell surface (a typical example is shown in Fig. 1, left panel).
Whereas both parameters were found to be decreased in
approximately half of the experiments, only reduced fluo-
rescence intensity was observed in the other half (a typical
example is shown in Fig. 1, right panel). It should be noted
that whether or not a reduction in the percentage of IL-2R*
occurred, the appearance of a distinct, dimly fluorescent cell
subpopulation was readily demonstrable. It has been shown
that among PHA-stimulated PBMC, those expressing the
lower numbers of IL-2R are less responsive to IL-2 than
those whose surface IL-2R density is higher (5). Viewed
against this background, our finding suggests that 7. b.
rhodesiense might suppress the immune system, at least in
part, by reducing the capacity of a significant proportion of
stimulated cells to express IL-2R at surface levels commen-
surate with optimal responses.

Unstimulated lymphocytes do not express IL-2R, but we
did look into whether T. b. rhodesiense would induce
expression of this receptor by PBMC in the absence of PHA;
no evidence for such an effect could be found (data not
shown).

Suppression by T. b. rhodesiense was also demonstrable
in terms of significantly reduced lymphoproliferation (P <
0.05, Student’s ¢ test), monitored by [*H]TdR uptake, and
was dependent on the parasite concentration (Fig. 2). This
was also the case when the effect was determined in terms of
IL-2R expression (Table 1). Because significant suppression
was consistently observed with concentrations =1 X 107
parasites per ml, this or greater levels (depending on parasite
availability) were used in subsequent experiments.

To establish whether suppression resulted from consump-
tion of either essential medium nutrients or mitogen by T. b.
rhodesiense we incubated solutions of PHA in complete
medium with suppressive concentrations of the parasite. The
results depicted in Fig. 3 showed that [*’H]TdR incorporation
measured from 48 to 72 h in cultures set up with absorbed
medium or PHA solutions was not significantly different
from that recorded with cultures in which mock-absorbed
reagents had been used instead. Although the data presented
in Fig. 3 were derived from an experiment in which 13-h
absorptions were performed, similar results were obtained
with supernatants from 40-h absorptions (data not shown).
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FIG. 1. Suppression by T. b. rhodesiense of the expression of IL-2R by PHA-stimulated PBMC. Where added, parasites were present at
a final concentration of 107 organisms per ml. The cells were stained for flow cytometric analysis of IL-2R expression. These sets of results
were obtained after 13 h of culture. Left panel: experiment in which both the percentage of IL-2R* cells and the mean fluorescence intensity
(MFCh) of the positive cell population were markedly reduced by the presence of parasites; the percentages of IL-2R™* cells (and MFCh
values) were 49.3% (56) and 39.4% (40) in the absence and presence of trypanosomes, respectively. Right panel: experiment in which T. b.
rhodesiense caused a marked reduction in MFCh without a significant change in the percentage of IL-2R* cells; the percentages of IL-2R*
cells (and MFCh values) were 44.1% (62) and 46.3% (48) in the absence and presence of parasites, respectively. These experiments were
performed separately with cells from different donors, and each set of results is representative of at least two repeat experiments performed
with cells from different donors. The MFCh parameter is a logarithmic function; it represents the mean channel number of the logarithm of

the fluorescence intensity of a stained cell population.

Therefore, the noted suppression was not likely the result of
nutrient or PHA consumption or absorption.

Any cold thymidine released from T. b. rhodesiense
disintegrating during the culture period would be expected to
compete with hot thymidine for incorporation into newly
synthesized DNA, artifactually reducing counts per minute.
However, IL-2R expression, which represented an indepen-
dent parameter of suppression and could not have been
affected by cold thymidine, was also decreased. Moreover,
we have recently found that the level of reduction of
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FIG. 2. Levels of suppression of PHA-stimulated PBMC by
increasing concentrations of T. b. rhodesiense. Cultures of PBMC
containing the indicated concentration of parasites were incubated
at 37°C and 5% CO, for 72 h, and pulsed with 1 pCi of [*H]TdR
during the last 24 h. Points and vertical bars represent the means of
quadruplicate values and their standard deviation. Standard devia-
tions for the PBMC alone were too small to exceed the size of the
points. This set of results is typically representative of three
separate repeat experiments performed with cells from different
donors.

[HITdR uptake subsides significantly within 48 to 72 h after
all of the organisms added to the culture disintegrate (22).
This reversibility could not have taken place if excessive
amounts of cold thymidine had been present. It is notewor-
thy that supernatants of T. b. rhodesiense suspensions, free
of organisms and dialyzed versus fresh medium, also sup-
pressed IL-2R expression by PHA-stimulated human PBMC
(22), indicating further that the effect did not result from
parasite consumption of essential nutrients.

Several additional types of controls and tests were set up
to find out if parasite-induced suppression was an artifact.
Binding of fluorescein-labeled anti-IL-2R monoclonal anti-
body to T. b. rhodesiense was not demonstrable by flow
cytometry (data not shown). We also tested the possibility
that 7. b. rhodesiense might have suppressed PBMC re-
sponses to PHA via absorption or consumption of endoge-
nously produced IL-2. However, levels of IL-2 in solutions
which had been incubated with or without 1 X 107 to 2 X 107
parasites per ml were found to be comparable (data not
shown).

Effect of T. b. rhodesiense on IL-2 secretion by PHA-

TABLE 1. Effect of T. b. rhodesiense on IL-2R expression by
PHA-stimulated PBMC*

% IL-

Experimental condition 2R+ cells MFCh?
PBMC alone 10.9 34
PBMC + PHA 57.1 63
PBMC + PHA + 5 x 10° parasites/ml 56.9 57
PBMC + PHA + 1 X 107 parasites/ml 45.2 38

24 PBMC cultures with or without 5 ug of PHA per ml, in the absence or
presence of the indicated 7. b. rhodesiense concentration, were incubated at
37°C for 16 h, at which time the cells were harvested and stained for flow
cytometric analysis of IL-2R. This set of data is representative of three
separate experiments performed with cells from different donors.

® MFCh is a logarithmic function representing the mean channel number of
the logarithm of the fluorescence intensity of the stained cell population.
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FIG. 3. Mitogenic capacity of PHA solutions before and after
absorption with T. b. rhodesiense. Complete medium alone or
containing the indicated PHA concentrations was incubated without
or with 2 X 107 parasites per ml at 37°C for 13 h, filtered (0.45-pm
pore size), and used as the culture medium in 96-h lymphocyte
proliferation assays. The cultures were pulsed with 1 pCi of
[>HITdR during the last 24 h. Points and vertical bars represent the
means of quadruplicate values and their standard deviations. This
set of results is representative of two separate experiments with
identical design, using cells from different donors.

stimulated PBMC. Because IL-2 upregulates IL-2R expres-
sion (8, 15, 17, 21), we tested the possibility that suppression
might have resulted from reduced IL-2 production by the
mitogen-stimulated PBMC. Culture supernatants were col-
lected at various times after activation and assayed for IL-2
antigen or biological activity. Determination of IL-2 biolog-
ical activity in culture filtrates collected at 24, 48, and 72 h
after PHA stimulation revealed normal or higher-than-nor-
mal levels of IL-2 in parasite-containing cultures (Table 2).
No IL-2-like activity was detectable in the filtrates of sus-
pensions of T. b. rhodesiense alone in the culture medium.
Moreover, in four separate experiments in which IL-2 anti-
gen was determined by using an enzyme-linked immunoas-
say we found increased rather than decreased levels of this
cytokine in the cultures which contained parasites (data not

TABLE 2. Effects of T. b. rhodesiense on IL-2 production by
PHA-stimulated PBMC*

IL-2 (U/ml)
Experimental condition Time () —m7m8 ———
Expt 1 Expt 2
PBMC 24 5 8
PBMC + PHA 24 843 341
PBMC + PHA + T. b. rhodesiense 24 1,863 306°
PBMC 48 12 10
PBMC + PHA 48 320 42
PBMC + PHA + T. b. rhodesiense 48 1,779 151
PBMC 72 15 16
PBMC + PHA 72 6 13
PBMC + PHA + T. b. rhodesiense 72 126 38

2 Supernatants from PHA-stimulated PBMC cultures lacking or containing
2 x 107 parasites per ml were collected at the indicated periods of culture and
assayed for IL-2 biological activity. Experiments 1 and 2 were performed
separately, using cells from different donors.

® This IL-2 reduction was the only one ever seen in a parasite-containing
culture, represents a decrease of less than 10% with respect to the positive
control value (341 U/ml), and is not significant.
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shown). Thus, it appears unlikely that insufficient IL-2 could
have caused the noted suppressive effects. In this context, it
is noteworthy that we have also observed that T. b. rhode-
siense inhibits the ability of PHA-stimulated PBMC to
traverse through the cell cycle and that this inhibitory effect
could not be reversed by the addition of exogenous IL-2 (22).
At the present time, it is unclear whether the observed
increase in IL-2 activity is due to enhanced cytokine pro-
duction, to IL-2 accumulation due to reduced utilization
because of decreased IL-2R expression, or to a combination
of both. Whether IL-2 present in the culture medium influ-
ences mononuclear cells other than T cells which, in turn,
could downregulate PHA-stimulated T cells is a possibility
deserving attention.

Lymph node cells from mice infected with T. b. brucei
have been reported to display not only a reduced IL-2R
expression capacity but also a diminished ability to produce
IL-2 after concanavalin A stimulation (19). This reduced
IL-2 production would appear to conflict with the results
obtained in our studies with human PBMC exposed to T. b.
rhodesiense in vitro. Whereas the use of different parasites,
lymphoid cells, mitogens, and assay conditions might ac-
count for the apparent discrepancy, it is worth noting that
another trypanosome, Trypanosomu cruzi, has been shown
to reduce IL-2 production by mouse (4, 6) but not human (4)
lymphocytes. ‘

We also measured viable PBMC concentrations in all
cultures at various times and found them to be similar
whether the parasite was present or not. For example, in a
typically representative experiment originally set up to es-
tablish the kinetics of suppressed IL-2R expression the
concentrations of viable (trypan blue-excluding) PBMC at 6,
12, and 20 h fluctuated between 1.25 x 10° and 1.3 x 10°
PBMC per ml in complete medium, between 1.1 x 10° and
1.3 x 10° PBMC per ml in the presence of PHA, and
between 1.0 X 10° and 1.4 x 10° PBMC per ml in the
presence of both PHA and T. b. rhodesiense. These values
compared closely with the initial PBMC concentration (1.25
x 10° viable PBMC per ml). The concentration of live
parasites was also determined and found to decrease with
time, from 2 X 107 organisms per ml at zero time to 0.5 X
10°, 2.3 x 10°, and 2 X 10* at 6, 12, and 20 h, respectively.
Consequently, greater numbers of dead PBMC in the pres-
ence of T. b. rhodesiense could not explain decreased
[*HITdR uptake.

PBMC were cocultured with live or glutaraldehyde-fixed
T. b. rhodesiense to establish whether parasite viability was
a requirement for immunosuppression to occur. Living but
not dead trypanosomes were able to reduce IL-2R expres-
sion by PHA-activated PBMC (data not shown). Thus,
parasite viability appears to be an absolute requirement for
its immunosuppressive activity.

Kinetics of T. b. rhodesiense-induced immunosuppression.
Significant suppression of IL-2R expression by T. b. rhode-
siense was detectable as early as 6 h after PHA stimulation
and remained demonstrable during the remainder of the 20-h
observation period (Table 3). In the experiment described in
Table 3, decreases in both the percentage of IL-2R-positive
cells and the density of IL-2R expression were recorded.

Because in our experiments the concentration of viable
T. b. rhodesiense decreased gradually to very low levels
within 15 to 20 h, the suppressive effect was probably
induced within the very early hours after lymphocyte acti-
vation. Support for this notion was provided by the results of
kinetic studies demonstrating suppression as early as 6 h
after mitogen stimulation (Table 3). Thus, whereas until
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TABLE 3. Kinetics of T. b. rhodesiense-induced suppression of
PHA-stimulated PBMC*

Experimental condition Time (h) % g;‘l'lzs R* MFCh
PBMC + PHA 6 18.2 41
PBMC + PHA + T. b. rhodesiense 6 6.1 39
PBMC + PHA 12 29.9 85
PBMC + PHA + T. b. rhodesiense 12 16.9 69
PBMC + PHA 16 36.9 126
PBMC + PHA + T. b. rhodesiense 16 21.4 98
PBMC + PHA 20 39.1 143
PBMC + PHA + T. b. rhodesiense 20 30.4 102

2 PHA-stimulated PBMC were cultured at 37°C without or with 107 T. b.
rhodesiense parasites per ml for the indicated amounts of time and stained for
flow cytometric analysis of IL-2R expression.

recently most studies on the mechanisms of T. b. rhode-
siense-induced immunosuppression centered on the immu-
nological alterations occurring in mammalian hosts, our
results provide a foundation for focusing on parasite-tar-
geted molecular events taking place shortly after lymphocyte
activation. These events may include critical changes in
calcium fluxes, phosphatidyl inositol turnover, cell mem-
brane potential, IL-2R gene transcription, IL-2R messenger
RNA stability or translation, receptor protein transport to
the lymphocyte membrane, and/or increased IL-2R shed-
ding. Some of these possibilities are receiving attention in
our laboratories.
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