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Hamsters infected with Leishmania donovani develop a disease similar to human kala-azar. They present
hypergammaglobulinemia, and their T cells do not respond to parasite antigens. This unresponsiveness has
been primarily ascribed to defects in antigen-presenting cells (APCs), because these cells are unable to
stimulate proliferation of parasite-specific T cells from immunized animals. In this study, we show that APCs
(adherent spleen cells) from L. donovani-infected hamsters produce high levels of the inhibitory cytokine
transforming growth factor 3 (TGF-$3). Inmunohistochemical studies with an anti-TGF-3 monoclonal anti-
body (MADb) showed that this cytokine is abundantly produced in vivo by the spleen cells of infected animals.
In addition, high levels of TGF-f3 are produced in vitro by infected hamster cells, either spontaneously or after
stimulation with parasite antigen or lipopolysaccharide. Furthermore, in vivo-infected adherent cells obtained
from spleens of L. donovani-infected hamsters caused profound inhibition of the in vitro antigen-induced
proliferative response of lymph node cells from hamsters immunized with leishmanial antigens. Moreover, this
inhibition was totally abrogated by the anti-TGF-f3 MAb. These results suggest that the immunosuppression
observed in visceral leishmaniasis is, at least in part, due to the abundant production of TGF- during the

course of the infection.

The protozoa of the genus Leishmania are parasites respon-
sible for diseases of major relevance in tropical and subtropical
areas of the world (10, 14). In mammals, these parasites are
strictly intracellular and infect mononuclear phagocytic and
dendritic cells. The involvement of the immune system in
human visceral leishmaniasis is characterized by increased
serum immunoglobulin levels with high titers of antileish-
mania antibodies (6, 16, 17), hepatomegaly, splenomegaly,
adenomegaly, negative skin test for leishmania antigens, and
the absence of a proliferative response of peripheral blood
mononuclear cells to Leishmania donovani antigens (20).
The cause of this impaired specific immune response may be
ascribed to any of the cell types involved in the immune
response.

Hamsters have been used as a good model for the study of
visceral leishmaniasis (4, 5, 7, 18, 22). After intracardiac or
intraperitoneal infection, they present a progressive disease
similar to human kala-azar, developing hypergammaglobuline-
mia due to B-cell polyclonal activation and the absence of a
T-cell proliferative response to parasite antigens (4). The latter
dysfunction has been attributed to the inability of the infected
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antigen-presenting cells (APCs) to stimulate the specific T cells
(9, 13, 15, 21).

Transforming growth factor B (TGF-B) is a pleiotropic cy-
tokine involved in many functions of resident tissue cells, but it
largely inhibits some activity of immune cells. TGF- can me-
diate immunosuppression by inhibiting interleukin 2-depen-
dent T- and B-cell proliferation and interleukin 2-dependent
immunoglobulin production by B cells (11, 12) and macro-
phage activation (8, 23). In addition, TGF-f has been impli-
cated as a cytokine that promotes the in vitro replication and
survival of leishmania within the macrophages and is an im-
portant factor for determining in vivo susceptibility to ex-
perimental infection of mice with species of leishmania that
cause cutaneous and mucocutaneous infections in humans
(1-3).

Most of the alterations induced by TGF-B on the cellular
immune response resemble those of our previous observation
in the hamster infected with L. donovani (21). These studies
indicated that the impairment of the immune response was
caused by a defect in the antigen presentation by the APCs of
L. donovani-infected animals.

In the present work, we extend these studies, aiming to
investigate the mechanism involved in this defect. We focused
on the immunoregulatory effect of TGF-8 on the APCs (ad-
herent spleen cells) from L. donovani-infected hamsters. To
achieve this proposal, we initially had to validate a standard
human TGF-B biological assay (19) for the hamster system.
This validation was important because of the unavailability of
an anti-hamster TGF-$ antibody. Because of the evolutionary
conservation of TGF-B, we tested the standard proliferation
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inhibition assay of CCL64 cells (mink lung epithelial cells) in
the absence and in the presence of the mouse anti-human
TGF-B monoclonal antibody (MAb) 1D11.16 (Celtrix Pharma-
ceuticals, Inc., Santa Clara, Calif.). Normal hamster spleen
cells were stimulated with lipopolysaccharide (1 wg/ml), and
the presence of TGF-B in the culture supernatants was ana-
lyzed 24 and 48 h later. Regardless of the incubation time,
the culture supernatants caused, in a dose response manner,
inhibition of the proliferation of the CCL64 cells ranging
from 100% to no inhibition (not shown). More importantly,
this activity was totally abrogated by the 1D11.16 MADb, therefore
validating the use of this assay for the hamster system.

To evaluate the production of TGF-B in L. donovani-in-
fected hamsters, spleen cells were obtained from noninfected
inbred CB hamsters (Charles River, Mass.) and from CB ham-
sters at 40 and 60 days after infection with 10 X 10° amastigote
forms of L. donovani (amastigotes were freshly isolated from
spleens of infected hamsters). The spontaneous production of
TGF-B was measured in the culture (Dulbecco’s modified Ea-
gle’s medium [DMEM)] plus 2% fetal calf serum [FCS]) super-
natants after 48 h of incubation at 37°C. It is clear from the
results shown in Fig. 1 that the spleen cells from hamsters
infected for 40 or 60 days produced as much as 20 and 34 times
more TGF-B, respectively, than was produced by the cells from
age- and sex-matched syngeneic normal hamsters. In addition,
in vitro stimulation of these cells with 10 pg of a soluble L.
donovani lysate antigen (SLdA) per ml (21) augmented two to
three times the production of TGF- by the spleen cells from
either noninfected or infected hamsters. These results are con-
sistent with previous observations that showed that TGF-B is
produced by murine macrophages exposed to Leishmania bra-
ziliensis (1, 2). However, stimulation of the hamster cells with
1 pg of lipopolysaccharide (Pierce Chemical Company, Rock-
ford, Ill.) augmented more than 10 times the production of
TGF-B by the cells from noninfected animals and less than 3
times the production for the cells of hamsters infected for 40 or
60 days (not shown), thus suggesting an exacerbated in vivo
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FIG. 1. Spontaneous production of TGF-B by spleen cells of noninfected or
L. donovani-infected hamsters. Spleen mononuclear cells from hamsters infected
for 40 and 60 days and from noninfected animals were suspended at 5 X 10°
cells/ml in RPMI medium supplemented with 2% FCS plus antibiotics and
cultured at 37°C for 48 h. Supernatants were analyzed for native TGF-f (non-
acidified) activity (A) with the proliferation inhibition assay of CCL64 cells (mink
lung epithelial cells). CCL64 cells were cultured for 30 h in DMEM supple-
mented with 2% FCS in the presence of serial dilutions of supernatants. Prolif-
eration was measured by incorporation of [*H|thymidine added during the last
6 h of incubation. An anti-TGF-B-neutralizing MAb was used to confirm the
specificity of the assay. Quantification of TGF-B was performed with a standard
curve obtained with recombinant human TGF-B (B). Bars represent the arith-
metic mean of the results from at least three hamsters per group, and lines give
the standard errors.

prestimulation of the hamster spleen cells by the infectious
process.

To demonstrate the in vivo production of TGF-B, we per-
formed an immunohistochemical assay with the 1D11.16 MAb.
Spleen sections (4 wm thick) from L. donovani-infected and
noninfected animals were fixed with acetone and incubated
with the 1D11.16 MAb for 4 h at room temperature. The
sections were washed four times with phosphate-buffered sa-
line (PBS) containing 0.05% Tween 20 and incubated with a
rabbit anti-mouse immunoglobulin-peroxidase conjugate
(Pierce Chemical Company) for 1 h at room temperature. The
slides were washed four times and incubated with 1 mg of
diaminobenzidine (Pierce Chemical Company) per ml and
0.01% hydrogen peroxide in 100 mM Tris-HCI (pH 7.2). The
results (Fig. 2) show massive production of TGF-f in the
spleens from the infected animals, largely present both in the
cytoplasm of mononuclear cells and in the intercellular space.
In contrast, the presence of this cytokine was barely noticeable
in the spleens from age- and sex-matched syngeneic nonin-
fected controls.

We and others have previously shown that the antigen pre-
sentation by L. donovani-infected cells is greatly impaired (9,
13, 15, 21). Because the spleen cells from L. donovani-infected
hamsters produced large quantities of TGF-B, we tested the
possibility that the production of this antiproliferative cytokine
by infected cells was responsible for the observed inability of
these cells to perform antigen presentation. To investigate this
possibility, noninfected CB hamsters were initially immunized
in the footpad with SLdA in complete Freund’s adjuvent, and
the draining lymph nodes were harvested 10 days later. Lymph
node cells (2 X 10%/well in 96-well flat-bottom microtiter cul-
ture plates) were obtained and stimulated to proliferate with
SLdA in the absence and in the presence of adherent spleen
cells obtained from either noninfected or L. donovani-infected
hamsters. Adherent spleen cells were obtained by incubating
mononuclear spleen cells (5 X 10°) for 2 h in the wells of
96-well flat-bottom microtiter culture plates. Nonadherent
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FIG. 2. Detection of TGF-B production in vivo in spleens of L. donovani-infected hamsters. Spleen sections (4 pm thick) from noninfected hamsters (A) and from
hamsters infected with L. donovani for 60 days (B) were fixed with acetone and incubated with anti-TGF-B MAb 1D11.16, washed four times with PBS plus 0.05%
Tween 20, and incubated with a rabbit anti-mouse immunoglobulin-peroxidase conjugate for 1 h at room temperature. The slides were washed and incubated with 1
mg of diaminobenzidine per ml and 0.01% hydrogen peroxide in Tris-HCI (0.1 M [pH 7.2]). Brown granules indicate the presence of TGF-B in the spleens of infected

animals. Magnification, X500.
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cells were then removed by three consecutive washes with
RPMI medium plus 10% FCS. In addition, some cultures re-
ceived the 1D11.16 MAD or an isotype-matched immunoglob-
ulin control. Figure 3 shows that adherent cells from the in-
fected hamsters inhibited practically 100% of the specific
proliferative response of the lymph node cells from L. dono-
vani-immunized animals. More importantly, the anti-TGF-
MAb 1D11.16 totally restored the responsiveness of the
lymph node cells to the leishmanial antigens, thus pointing
to a strong participation of TGF-B as an inhibitory cytokine

FIG. 3. Inhibition of antigen-induced proliferative response of lymph node
cells from immunized hamsters by adherent spleen cells from L. donovani-
infected hamsters. CB hamsters were immunized in the footpad with soluble L.
donovani lysate antigen in complete Freund’s adjuvant, and the draining lymph
nodes were harvested 10 days later. Lymph node cells were obtained and stim-
ulated to proliferate with L. donovani antigens in the absence of additional
adherent spleen cells (Ln), in the presence of adherent spleen cells obtained
from noninfected hamsters (Ln + normal Ad) or from L. donovani-infected
hamsters (Ln + infected Ad), or in the presence of adherent spleen cells ob-
tained from L. donovani-infected hamsters plus the anti-TGF-B MAb 1D11.16
(Ln + infected Ad + anti-TGF-B). Cultures were either nonstimulated (medi-
um) or stimulated with 10 pg of SLdA, and proliferation was measured by
incorporation of [*H]thymidine added during the last 6 h of incubation in a 3-day
assay. Bars represent the arithmetic mean of triplicate cultures, and lines give the
standard errors. The results shown are representative of two independent exper-
iments. One-way analysis of variance was used to analyze the results. Statistical
significance was set up at P < 0.01. *, P < 0.01 versus Ln + normal Ad or Ln +
infected Ad + anti-TGF-B.
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produced by adherent spleen cells of L. donovani-infected
hamsters. No inhibition of the proliferative response was
observed when adherent spleen cells from noninfected ham-
sters were used. In addition, no restoration of the prolifer-
ation was achieved when an isotype-matched control of the
1D11.16 MAb was added to the cell cultures (not shown).
These results expand those related to the L. donovani com-
plex, with previous observations pointing to a pathological
role of TGF-B in the course of infection of mice infected
with dermotropic Leishmania (1-3). However, in these stud-
ies, the inhibitory effect of TGF-B appeared relatively early
(a few days) after infection, suggesting that this cytokine is
involved in the regulation and development of a pervasive
immune response at the initiation of the infection. In con-
trast, because in the present studies the involvement of
TGF-B was detected only late in the infection, it is more
likely that the role of this cytokine in visceral leishmaniasis
is to maintain or to exacerbate the characteristic immuno-
suppression observed in this disease.
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