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Abstract Methods

The lymphocytes from eight patients with active visceral leish-
maniasis (VL), a disease associated with marked immunologic
dysfunction, were examined for ability to produce interleukin 2
(IL-2) and gamma interferon during in vitro cultivation. It was
found that both IL-2 and gamma interferon production, in re-
sponse to leishmania antigen, was absent during the active dis-
ease, but was restored after successful chemotherapy. Untreated
VL patients produced IL-2 and gamma interferon when stimu-
lated with phytohemagglutinin (PHA). Six patients with either
active cutaneous or mucosal leishmaniasis, a disease not asso-
ciated with immunosuppression, showed high levels of gamma
interferon in response to leishmania antigen and PHA. Since
IL-2 and gammainterferon have been shown to have important
roles in the immune response and in the killing of leishmania,
their absence may represent a key defect in the immune response
in VL.

Introduction

Since early observations of the protozoan disease visceral leish-
maniasis (VL),' it has been clear that immunologic dysfunction
is an important aspect of the illness. The immunologic defects
that have been described include the following: (a) absence of
antigen-specific intradermal skin test responses (1, 2); (b) de-
pressed lymphocyte transformation to leishmania antigen (3);
(c) presence of serum suppressor factors (4); (d) presence of cir-
culating immune complexes and polyclonal hypergammaglob-
ulinemia (5); and (e) increased susceptibility to various infections
(6). In order to focus more specifically on the immunologic de-
fects in leishmaniasis and to determine the possible mechanisms
of pathogenesis of Leishmania donovani infection, we examined
the ability of lymphocytes from patients with active VL to pro-
duce gamma interferon and interleukin 2 (IL-2). In addition,
the lymphocyte response to leishmania antigen and the numbers
of T cell subsets were determined.
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1. Abbreviations used in this paper: AIDS, acquired immune deficiency
syndrome; Con A, concanavalin A; IL-2, interleukin 2; VL, visceral
leishmaniasis.

Patients were seen in either the Federal University Hospital in Salvador,
Bahia, Brazil, or in an area (Jacobina, Bahia, Brazil) endemic for VL
(7). They presented with characteristic signs and symptoms of active VL,
including fever, hepatosplenomegaly, anemia, leukopenia, and hyper-
globulinemia. The diagnosis was confirmed by identification of leishmania
in Giemsa-stained bone marrow aspirates. Control subjects included three
cutaneous and three mucosal leishmaniasis patients with intact immu-
nological responses to leishmania antigens, and four uninfected persons
from areas that are not endemic for leishmaniasis.

Antigen preparation. An isolate of Leishmania donovani chagasi was
obtained from a bone marrow aspirate of a patient in the Jacobina area.
The parasite was characterized by its growth in culture media and its
pattern of infection in hamsters, by isoenzyme analysis, and by kinetoplast
DNArestriction enzyme analysis (courtesy of Dr. Peter Jackson, Walter
Reed Army Institute of Research, Washington, DC). Promastigotes of
this L. d. chagasi isolate ("Risea") were grown in RPMI 1640 (Gibco
Laboratories, Grand Island, NY) supplemented with essential and non-
essential amino acids, sodium pyruvate, Hepes buffer, hemin (4 Mg/ml),
and 20% screened, heat-inactivated fetal bovine serum. Parasites were
recovered in stationary growth phase, washed five times in phosphate-
buffered saline (pH 7.2), supplemented with 2% fetal bovine serum, and
resuspended in Millipore-filtered deionized water (Millipore/Continental
Water Systems, Bedford, MA). They were subjected to 12 cycles of al-
ternate freezing (liquid nitrogen) and thawing (370C water bath) and
centrifuged at 20,000 g for 30 min (7). The supernatant was collected,
Millipore-filtered, and analysed for protein content with the Lowry col-
orimetric assay (8).

Lymphocyte transformation. Peripheral blood mononuclear cells were
obtained by centrifugation of heparinized venous blood over a density
gradient using lymphocyte separation media (Bionetics Laboratory,
Kensington, MD). After washing the mononuclear cells in RPMI 1640,
they were adjusted to a concentration of 106/ml in media containing
15% heat-inactivated normal human serum. Aliquots containing
2 X IOl cells were plated in triplicate in 96-well microtiter plates (Linbro
Chemical Co., NewHaven, CT) and stimulated with leishmania antigen
(5 ,g/ml). After S d of incubation (370C, 5%CO2), 1 MACi of [3H]thymidine
per well (6.7 Ci/mM; New England Nuclear Corp., Boston, MA) was
added and the cells harvested 4.5 h later. Incorporation of[3H~thymidine
was detected by liquid scintillation and the data are presented as mean
and standard deviation of the counts per minute of triplicate samples.

IL-2. Peripheral blood mononuclear cells from the study patients
were adjusted to a concentration of 3 X 106/ml and stimulated with 20
Ag of leishmania antigen. After 24 h the supernatants were harvested,
filtered (Millipore, 0.45 Aim), and stored at -20°C. IL-2 was measured
using IL-2-dependent CTLL-2 cells (9). These cells were incubated with
different dilutions of supernatant and the uptake of [3H1thymidine was
determined after 24 h of incubation. The degree of CTLL-2 cell stimu-
lation produced by supernatants was compared with that obtained using
an IL-2 standard generated by concanavalin-A (Con A)-stimulated FS6
14.13 hybridoma cells, as previously described (10).

Gammainterferon. The same supernatants used for IL-2 measurement
were used for determination of gammainterferon levels. The assay was
performed by Dr. Michael E. Wiebe (New York Blood Center, New
York), using a cytopathic effect inhibition assay with vesicular stomatitis
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virus in WISH cells (11). Antiviral activity was measured against a lab-
oratory gamma interferon standard and is expressed as international
units per milliliter (12).

Lymphocyte subpopulation. To determine the percentage of T cells
and T cell subsets, the mononuclear cells obtained from peripheral blood
were depleted of macrophages by incubation of 8 X 106 cells in 6 ml of
RPMI, supplemented with 20% fetal calf serum at 37°C for 1 h on plastic.
T cells were identified by the ability of these cells to bind three or more
sheep erythrocytes (13). OKT' and OKT' cells were identified by indirect
immunofluorescence using specific monoclonal antibodies (Anti-OKT4
and anti-OKT8) (Ortho Diagnostic Systems, Inc., Raritan, NJ) and a
fluorescinated goat anti-mouse immunoglobulin (14).

Results

Table I shows lymphocyte transformation responses to leish-
mania antigen and gammainterferon production by lymphocytes
from eight patients with active VL, six patients with either mu-
cosal or cutaneous leishmaniasis, and four healthy uninfected
controls. As noted previously (3), proliferation responses to
leishmania antigen during active visceral disease are markedly
suppressed and do not exceed the responses of cells cultured
without antigen or that of cells from healthy controls cultured
with antigen. In contrast, the patients with mucocutaneous dis-
ease showed a good proliferative response to leishmania antigen
(15). Gammainterferon levels were significantly lower in su-
pernatants of lymphocytes from eight VL patients and equal to
levels from unstimulated cells or cells from uninfected controls.
Mucocutaneous patients showed high gamma interferon pro-
duction under identical conditions. No significant differences
were found in gammainterferon levels produced by phytohem-
agglutinin-stimulated cells in the three groups.

In addition, IL-2 levels in antigen-stimulated cells from the
four active VL patients tested were found to be significantly
lower (433±370 cpm), when compared with levels obtained from
antigen-stimulated cells from mucocutaneous leishmaniasis pa-
tients (9,465±8,174). Phytohemagglutinin-stimulated cells from
individuals in the three groups did not differ significantly in IL-
2 production (VL, 9,523±1,071; mucocutaneous leishmaniasis,
18,488±12,926; healthy subjects, 9,380±8,325). The number of
OKT' and OKT' cells was determined in the peripheral blood
of four VL patients. One patient had a decreased number of T
cells (less than the mean±2 SD of controls, 2,310±543 mm3).
The number of OKT' cells ranged from 458 to 1,746 mm3, and
OKT' cells ranged from 427 to 1,100 mm3. The OKT4/OKT8

ratio was 1.5±0.8, which is comparable with 2.3±0.4 in controls
(four healthy subjects).

To evaluate the change in gammainterferon and IL-2 levels
associated with recovery from active VL, we studied three pa-
tients both before and after antimony therapy. Table II shows
the data obtained from these patients. Proliferative responses
were absent before therapy, but after therapy a mean proliferation
response of 13,831 cpm was observed. Gammainterferon levels
also increased from 11±2 U/ml to a mean of 172 U/ml after
treatment. IL-2 was present in significant amounts in 24-h lym-
phocyte supernatants only after therapy.

Discussion

It is apparent that an important aspect of VL is a decrease in
the ability of lymphocytes to respond to leishmania antigen by
proliferation (3, 16, 17) or by lymphokine production. There is
not a generalized suppression of lymphocyte function since cells
from VL patients responded normally in proliferation and in
lymphokine production when stimulated with a lymphocyte
mitogen. Recovery from active disease was associated with a
lymphocyte response to leishmania antigen and production of
lymphokines.

Lymphocytes from patients with active VL did not produce
either IL-2 or gamma interferon when stimulated with leish-
mania antigen. IL-2 is important in mediating several Ilympho-
cyte functions (18, 19) and gamma interferon has been dem-
onstrated to be the lymphokine that activates macrophages to
kill leishmania intracellularly (20). The finding that lymphocytes
from patients with active VL are unable to produce these lym-
phokines in response to specific antigen allows us to focus on
what may be the major site of immune dysfunction during this
disease.

VL is a complex disease associated with many features that
could cause immunosuppression. For example, immune com-
plexes are present (5, 21) and these have been associated with
immune dysfunction in other diseases. Wehave found that sera
from patients with active VL suppress mitogen-induced lym-
phocyte proliferation of normal cells (4). Further, there is a de-
pletion of lymphocytes in T cell-dependent areas of the spleen
and lymph nodes of VL patients (22). In spite of these recognized
abnormalities, it remains unknown why there is antigen-specific
unresponsiveness, manifested by the inability of lymphocytes to
proliferate and produce lymphokine during active VL.

Table I. Lymphocyte Transformation and GammaInterferon Production
by Cells from Patients with Visceral or Mucocutaneous Leishmaniasis*

[3H]Thymidine uptake Gammainterferon

Leishmania
Groups Medium antigen Medium PHA Leishmania antigen (range)

cpm (mean±SD) cpm (mean±SD) U/ml (mean±SD) U/ml (mean±SD) U/ml (mean±SD)

1. Visceral leishmaniasisf (n = 8) 470±118 776±26 8±8 222±95 15±8 (10-28)
2. Mucocutaneous leishmaniasis (n = 6) 437±210 26,582±3,913 13±9 306±244 652±720 (126-1,995)
3. Controls (n = 4) 367±25 568±114 10±8 225±54 9±8 (2-16)

* Group 1 vs. 3, NS at all points; group 2 vs. 1, 3, P < 0.01 for [3H]thymidine uptake using leishmania antigen; P < 0.01 for gammainterferon
levels using leishmania antigen. All other points, group 2 vs. 1, 3, NS. t The patients ranged from 2 to 31 yr (mean, 10 yr) and were symptom-
atic for 2-20 mo (mean, 5.5 mo) before study.
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Table II. Chemotherapy Restores the Capacity of Lymphocytes from VL Patients
to Generate GammaInterferon, Produce IL-2, and to Proliferate when Stimulated by Leishmania Antigen

Incorporation of [3H]thymidine gammainterferon* IL-2t

Before treatment After treatment

Before Before After
Patient no. treatment After treatment treatment treatments 1:4 1:8 1:4 1:8

cpm (mean±SD) cpm (mean±SD) U/mi U/mi

1 514±34 2,469±418 13 158 2,000 980±50 10,080±297 7,435+5
2 140±25 6,470+865 11 159 575±176 270±50 27,755±1689 22,015±37
3 277±51 32,555±2,484 9 200 ND ND ND ND
Mean values 310 13,831 11 172 1,288 625 18,918 14,725

* In addition to antigen stimulation, cells were also stimulated with pokeweed mitogen (final concentration, 1: 100), as positive control for cell
proliferation. Mean values: before treatment, 15,359±12,596; after treatment, 18,676±3,815. t IL-2 standard gave a proliferation value of
21,525±983 cpm at 1:8 dilution. § The interval between the before and after treatment studies was 6-9 wk.

It is of interest that other infectious diseases that compromise
lymphocyte function and that are associated with increased sus-
ceptibility to infection (i.e., acquired immune deficiency syn-
drome [AIDS]) also are characterized by suppressed production
of both gamma interferon and IL-2 (23, 24). However, the
mechanism of the altered production of lymphokines in AIDS
and VL is probably different. For example, the inability to pro-
duce lymphokine is antigen specific in VL, and OKTt numbers
are preserved during leishmaniasis, while nonspecific lymphocyte
suppression and decreased numbers of OKT' cells occur in
AIDS. Low gammainterferon production has also been reported
in lepromatous leprosy (25). This decreased lymphokine pro-
duction appears not to be antigen specific since low gamma
interferon levels were observed in Con A-stimulated cultures, it
was not restored by therapy, and an increase in tissue OKT'8
cells was recorded. Whether these results, which differ from those
observed in the patients with VL reported here, represent dif-
ferences in technique of study or differences between the two
diseases needs to be determined. In one patient with early cu-
taneous leishmaniasis, both proliferation of lymphocytes and
gammainterferon production were low, and restoration occurred
either with natural progression of the immune response or drug
therapy (26).

The pathogenesis of VL is not understood. It is clear that
active VL is but one part of the disease spectrum of L. donovani
infection since most of the infected subjects do not develop dis-
ease (7, 27). In an area endemic for VL, we have also observed
that early in the infection some patients have the ability to re-
spond to leishmania antigen by lymphocyte blastogenesis and
intradermal skin test, and some do not (personal observation).
The mechanisms that determine progression of the infection are
unknown. It is clear that a depressed cell-mediated immune
response is a hallmark of the disease, and it is possible that sus-
ceptibility to the development of clinical VL is related to an
inability to generate IL-2 and gammainterferon to leishmania
antigens during the infection.
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