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Abstract

T cell responses are correlated with recovery from and resis-
tance to leishmaniasis. Antigens of Leishmania chagasi were
evaluated by determining their ability to elicit in vitro prolifer-
ation and cytokine production in peripheral blood lymphocytes
and in T cell lines and clones from patients with histories of
leishmaniasis or Chagas' disease. Antigens tested were se-
lected by their reactivity with patient antibodies. Several of the
antigens induced proliferative responses in peripheral blood
lymphocytes from patients recovered from visceral or cutane-
ous leishmaniasis or with chronic Chagas' disease. Two puri-
fied glycoproteins, 30 and 42 kD, were consistently among the
most effective in eliciting high proliferative responses and IL-2
production. Lymphocytes from a recovered visceral leishman-
iasis patient were used to produce T cell lines against either the
30- or 42-kD antigen. Each of the lines responded to both of
these antigens as well as to crude leishmania lysate. Cb4+ T
cell clones specific for either or both of these antigens were
also isolated from a visceral leishmaniasis patient. In contrast,
rabbit antisera produced against these two antigens were not
crossreactive. Both antigens were effective in inducing the pro-
duction of IFN-'y from T cell lines from both leishmaniasis and
Chagas' disease patients. These studies demonstrate the po-
tential for defining parasite antigens with broad immunostim-
ulatory capabilities. (J. Clin. Invest. 1990. 85:690-696.)
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Introduction

The leishmania are a complex of protozoan parasites that
cause a spectrum of clinical diseases, including cutaneous,
mucosal, and visceral leishmaniasis. They are obligate intra-
cellular parasites of macrophages, which has important immu-
nologic and therapeutic implications. T cell responses are of
fundamental importance in leishmaniasis. In visceral leish-
maniasis recovery is strongly correlated with a delayed-type
hypersensitivity response to leishmania antigens (1-3), as well
as with proliferation of peripheral blood lymphocytes (4). Pa-
tient's T cells also produce IFN-'y and IL-2 after recovery from
acute disease (5). This is of particular interest since IFN-y has
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been shown to inhibit the in vitro proliferation of leishmania
in macrophages (6). Based on these observations, it appears
that evaluation of T cell responses to purified antigens is a
logical way to identify molecules of leishmania with diagnostic
and immunoprophylactic potential. In the present study we
have identified and analyzed isolated antigens of Leishmania
chagasi, the etiological agent of American visceral leishman-
iasis. Wehave used these antigens to stimulate T cells from
patients recovered from disease caused by L. chagasi or by the
related parasites, L. braziliensis, L. amazonensis, and Try-
panosoma cruzi. The parameters used for antigen evaluation
were lymphocyte proliferation, IL-2 production by patient's
peripheral blood lymphocytes, IFN--y production by T cell
lines, and characterization of T cell clones stimulated by se-
lected antigens.

Methods

Parasite antigen preparation. A clone of L. chagasi (MHOM/BR/82/
BA-2, Cl) was used in all studies (7). Promastigotes were grown to
stationary phase (2-3 X 107/ml) in RPMI 1640 (Gibco Laboratories,
Grand Island, NY), supplemented with L-glutamine, Na pyruvate,
MEMessential and nonessential amino acids (Gibco Laboratories),
and 10% SeruMax (Sigma Chemical Co., St. Louis, MO). Crude anti-
gen was prepared by sonicating promastigotes in 10 mMTris, pH 7.5,
2 mMEDTA, 1.6 mMPMSF(Sigma Chemical Co.), and 100Ig/ml
leupeptin (Sigma Chemical Co.), followed by centrifugation (5,000 g,
20 min). Protein content of the supernatant was determined by the
Pierce assay (Pierce Chemical Co., Rockford, IL). Preparative SDS-
PAGEwas performed by loading 3.2 mg total parasite protein onto a
1.5-mm-thick 12% polyacrylamide gel iii sample buffer (50 mMTris-
HCl, 1% SDS, 10% glycerol, 2% 2-mercaptoethanol, 0.01% brom-
phenol blue) and running by standard procedure. A section of the gel
was transferred to nitrocellulose for immunoblotting with patient
serum for antigen band identification. Bands of interest were excised
and gel slices were diced into 2-3-mm cubes and soaked overnight at
4VC in 2% SDS, 0.4 MNH4HCO3, and 0.1% dithiothreitol. The gel
pieces and the soaking buffer were then placed into an electro-eluter
(Bio-Rad Laboratories, Richmond, CA). Elution occurred for 6-7 h at
10 mAper tube in 0.05 MNH4HCO3,0. 1%SDS. The eluted fractions
were dialyzed against 0.01 MNH4HCO3,0.02% SDSfor 24 h, followed
by dialysis against a minimum of 100 vol of PBS, pH 7.4, for 3-5 d
with two buffer changes per 24 h. All dialysis was done at 4VC. Eluted
samples were assayed for protein content (Pierce assay) and checked
for purity on SDS-PAGEmini-gels with silver staining (Bio-Rad Labo-
ratories). High molecular weight protein standards (Bethesda Research
Laboratories, Bethesda, MD) were used.

Proteolysis treatments. Some of the eluted fractions were treated
with cyanogen bromide (CnBr; Eastman Kodak Co., Rochester, NY),
trypsin (Boehringer Mannheim Biochemicals, Indianapolis, IN), and
endolys C (Wako Chemicals USA, Dallas, TX). Proteolysis reactions
occurred under the following conditions: CnBr; 2 parts CnBr: I part
protein (wt/wt), incubated in 70% formic acid, 30% water at room
temperature for up to 16 h. Trypsin; 25 parts protein dissolved in 50
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mMNaCl, 1 mMMgCI2, 0.1 mMEDTA10 mMPipes buffer, pH 7.8;
1 part enzyme (wt/wt), incubated at room temperature for 16 h. En-
dolys C; 400 parts protein dissolved in 50 mMTris, pH 8.0:1 part
enzyme (wt/wt), incubated at 30'C for 16 h.

Immunoblotting. The electrophoresed parasites or fractions were
transferred to nitrocellulose and the sheets were blocked and reacted
with sera as described (7). Biotinylated goat anti-human IgG, A, and
M (Zymed Laboratories, So. San Francisco, CA) was applied in a
dilution of 1:8,000 in PBS-T and incubated for 30 min, followed by
two washes in PBS-T and a final wash in PBS. Avidin-alkaline phos-
phatase (Zymed Laboratories) was then applied, diluted 1:1,500 in
PBS, and incubated for 30 min. After three washes substrate was added
consisting of nitro blue tetrazolium (330 ,g/ml; Sigma Chemical Co.)
and 5-bromo-4 chloro-3 indolyl phosphate (165 ,g/ml; Sigma Chemi-
cal Co.) in 100 mMTris (pH 9.5), 100 mMNaCl, and 5 mMMgCI2.

Lectin blotting. Nitrocellulose strips were prepared as above, except
that blocking was performed in BSA (1% in PBS, pH 7.0). After rins-
ing, the strips were incubated in the following biotinylated lectins
(Sigma Chemical Co.): Lens culinaris (lentil lectin), Arachis hypogaea
(peanut lectin), Phaseolus vulgaris (PHA), Canavalia ensiformis (Con
A), and Triticum vulgaris (wheat germ) at 1:400 in PBS-T at room
temperature for 30 min. After this incubation the strips were washed
and incubated in avidin alkaline phosphatase and developed as above.

Antiserum production. Rabbits (adult NewZealand White; R & R
Rabbitry, Stanwood, WA) were immunized with eluted protein puri-
fied to a single band on an SDSgel for the production of polyclonal
antisera. The immunization procedure consisted of two subcutaneous
injections of 100 Mg protein, together with 500 ng recombinant human
IL- 1-# in Freund's incomplete adjuvant, given 30 d apart. Intravenous
injections of 40 ,g protein were given 30 and 60 d after the second
subcutaneous injection, and sera were collected 6 d after the final
injection.

Biosynthetic labeling and radioimmunoprecipitation. Promastigote
lysate was prepared as above, except that the parasites were first incu-
bated (4 X 107/ml in medium containing 20 MCi/mi [35S]methionine
(New England Nuclear, Boston, MA) for 14 h with shaking. 100 M1 of a
50% suspension of protein A-Sepharose beads (Zymed) were equili-
brated in 50 mMNaBO3, pH 8.2, then combined with 25 u1 rabbit
serum and mixed for 30 min at room temperature. The beads were
pelleted and suspended in cross-linking buffer (200 mMtriethanol-
amine, pH 8.2, with 6.1 mg/ml dimethyl pimelimidate . 2 HCI (Pierce
Chemical Co.), and mixed for 1 h at room temperature. The beads
were then washed twice with cross-linking buffer and blocked with 100
mMethanolamine, pH 8.2, for 10 min. Beads with bound antibody
were equilibrated in PBS, pH 7.2, for use and storage.

For immunoprecipitation, 20 Ml of a 50% suspension of the conju-
gated beads was mixed with 50 ul parasite lysate at 4°C for 2 h. The
beads were washed twice with PBS (pH 7.2) containing 0.02% NaN3,
twice with mixed detergent buffer (0.05% NP-40, 0.01% SDS, 0.3 M
NaCl, 10 mMTris HCI, pH 8.6), and twice with PBS-azide. The beads
were subjected to standard SDS-PAGEand autoradiography.

Leukocytes. PBL donors were as follows: (a) Visceral leishmaniasis;
cells were taken from individuals living in an area endemic for visceral
leishmaniasis with a history of acute disease due to L. chagasi infec-
tions 6 moto 4 yr previously, confirmed by isolation and identification
of the parasite. (b) Mucosal leishmaniasis; cells were from patients with
active mucosal disease or with recently (< 1 yr) cured mucosal infec-
tions. (c) Cutaneous leishmaniasis; cells were collected from individ-
uals with a recent history (6 moto 2 yr) of simple cutaneous leishman-
iasis, manifested as a single lesion. Patients in groups 2 and 3 were from
areas endemic for L. braziliensis and had parasite-confirmed infec-
tions. (d) Chagas' disease; these patients had chronic Chagas' -disease
and were clinically, serologically, and parasitologically positive for T.
cruzi infection. (e) Healthy controls: these cells were obtained from
individuals living in areas endemic for leishmaniasis and Chagas' dis-
ease but without a history of these infections.

T cell lines and clones. T cell lines were generated from patients
recovered from acute visceral leishmaniasis or cutaneous leishmaniasis

and a patient with chronic T. cruzi infection. PBL were separated on
lymphocyte separation medium (Organon Teknika Corp., Durham,
NC) and frozen in liquid nitrogen in aliquots of 2 X I07 in 1 ml. T cell
cultivation medium consisted of RPMI 1640 (Gibco Laboratories)
supplemented with L-glutamine, Na-pyruvate, 2-mercaptoethanol,
and 10% screened human A' or AB' serum (complete medium). T cell
lines were also generated using purified antigens instead of crude ly-
sate.

To generate clones, PBL were cultured for 5 d with crude leish-
mania (leishmaniasis patients) or T. cruzi (Chagas' patients) lysate (106
cells per ml, 2 ml per well in a 24-well tray, incubated 5 d with 5 Mg
parasite protein/ml). T cell blasts, separated in lymphocyte separation
medium, were cloned and subcloned by limiting dilution at 0.3 cells/
well in 96-well, round-bottom plates (No. 25805; Corning Glass
Works, Corning, NY). Clonality was determined according to fre-
quency of positives at limiting dilutions by established methods (8, 9).
Clones were maintained by biweekly feedings with human recombi-
nant IL-4 (100 ng/ml), and by stimulation every 10-14 d with irra-
diated (3,500 rad) autologous whole PBL and leishmania lysate (5
Mg/ml) with human recombinant IL-2 (10 ng/ml).

Proliferative assays and cytokine production. 7-10 d after antigen
stimulation, 104 cloned T cells were cultured with I05 irradiated autol-
ogous feeder PBL in 200 Ml complete medium in triplicate wells of
96-well plates (No. 3595; Costar, Cambridge, MA) with or without
0.5-1 Mg antigen protein/well. After 3 d incubation the cells were
pulsed overnight with [3H]thymidine (0.5 MCi/well). Stimulation index
is counts per minute of culture with antigen/counts per minute of
culture without antigen. For IFN--y and IL-2 production, supernatants
were collected after 24-96 h incubation and assayed for IFN-'y by the
WISH cell bioassay (10), or for IL-2 by the CTLL bioassay (11).

Results

PBL proliferative responses to parasite lysate or to partially
purified antigens. Major antigenic bands of the SDS-PAGE-
separated L. chagasi were identified using a serum pool from
patients recovered from visceral leishmaniasis (Fig. 1). Sera
from normal individuals did not recognize leishmania anti-
gens, as we have previously shown (7). In initial studies, bands
of Mr 116, 78, 72, 70, 65, 42, 40, 30, and 16 kD were chosen
for use in in vitro proliferation assays. These bands were cho-
sen based on their reactivity with sera from visceral leishman-
iasis patients and with sera from Chagas' patients (Fig. 1).
Several bands, for example the 42- and 30-kD antigens, were
recognized by Chagas' patient sera, as well as by leishmaniasis
sera, while others, such as the 65-kD antigen, were recognized
by leishmaniasis but not Chagas' patient sera. Coomassie
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Figure 1. Immunoblot of whole L. chagasi ly-
sate (10 Mg protein/lane) separated by SDS-
PAGEand reacted with pooled sera from five

16-I individuals with cured visceral leishmaniasis di-
luted 1:300 (lane 1) or from five patients with

1 2 chronic T. cruzi infection diluted 1:100 (lane 2).
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blue-stained bands corresponding to the desired antigenic re-
gions were excised and eluted from the gel and dialyzed to
remove SDS. The purity of the fractions was ascertained on
polyacrylamide gels before use in cell stimulation assays. All
bands retained their antigenicity, as indicated by their ability
to bind antibody from patients with cured visceral leishman-
iasis on immunoblots (not shown). All proliferative assays
were performed with antigens purified to a single SDS-PAGE
band (Fig. 2).

The results from testing normal or patient cells for their
ability to proliferate in response to crude homogenate or to
representative partially purified leishmania antigens are shown
in Table I. Several of the antigens were effective in stimulating
PBL from visceral, mucosal, and cutaneous leishmaniasis pa-
tients, while none of the antigens tested stimulated significant
proliferation in cells from normal individuals. Antigens of 30,
40, 42, and 70 kD were effective (> 10-fold proliferation above
background) in stimulating significant proliferative responses
in PBL cultures from leishmaniasis patients (Table I). How-
ever, two bands, 30 and 42 kD, also elicited responses in cul-
tures of PBL from Chagas' patients. These two bands were the
only partially purified antigens tested that consistently elicited
high responses from all three patient groups, and they were
therefore chosen for further study. In subsequent analyses,
other antigens were assayed for their ability to elicit prolifera-
tion in patient PBL, but none were consistently more effective
than those represented in Table I.

Cytokine production by PBL and Tcell lines after exposure
to leishmania antigens. The production of IL-2 by patient PBL
(Table II) was found to correlate directly with proliferation
responses. In these experiments lysate of leishmania or T. cruzi
were compared with selected antigen bands for their ability to
induce IL-2 in patient PBL. Initial experiments with whole
leishmania lysate showed that maximal IL-2 production oc-
curred in cells from leishmaniasis patients 48 h after antigen
stimulation as compared with 24, 72, and 96 h (not shown).
Therefore, cultures were established as in proliferation assays,
and supernatants were collected for IL-2 determination 48 h
after adding antigen. In general, antigens of 70, 42, and 30 kD
compared favorably with whole leishmania lysate in stimulat-
ing IL-2 production from all three groups of leishmaniasis
patients as well as in Chagas' disease patients. None of the
antigens tested elicited IL-2 production in PBL from normal
individuals.

68--m
4-f

Figure 2. Analysis of excised
bands from preparative SDS-

29-6 PAGEgels of L. chagasi ly-
sate. 5 gg L. chagasi lysate
(lane 2) or 1 ,tg protein of
eluted bands of Mr 69, 42, 40,

18-% ; and 30 kD (lanes 3-6) were

14-Iti -- analyzed on SDS-PAGEwith
silver strain. Lane I is high

1 2 3 4 5 6 molecular weight standards.

T cell lines generated from patients with cured visceral or
cutaneous leishmaniasis or with chronic Chagas' disease were
tested for their ability to produce IFN-'y in response to the 30-
and 42-kD antigens. The results are shown in Table III. Cell
lines from the two groups of leishmaniasis patients (visceral
and cutaneous) produced significant levels of IFN-y in re-
sponse to crude L. chagasi lysate, as we have previously re-
ported for patient PBL (5). The production of IFN-'y was
maximum at 72 h (data not shown). In addition, both the 30-
and 42-kD antigens elicited significant IFN--y production by T
cell lines from both patient groups. Of particular interest was
the ability of these antigens, as well as crude lysate, to elicit
IFN-y production in T cell lines from Chagas' patients.

T cell lines were also generated using purified 30- and
42-kD antigens by incubating PBL from a patient recovered
from visceral leishmaniasis with gel-eluted protein. Lines were
selected and restimulated using only the 30- or 42-kD antigens
and tested after 30 d in culture for responsiveness to crude
lysate or to partially purified antigens. The results are shown in
Table IV. Both of the T cell lines responded to crude leish-
mania lysate. In addition, the T cell line generated against the
30-kD antigen responded to both the 30- and 42-kD antigens.
The same was true for the line generated against the 42-kD
antigen. This proliferation could not be explained by the sur-
vival of nonselected T cells from the PBL; cultures of the same
PBL without added antigen (30- or 42-kD proteins) did not
survive past day 10 of culture. These results suggest that T cell
epitopes may be shared by the 30- and 42-kD antigens.

To further characterize T cells that responded to the 30-
and 42-kD antigens, T cell clones that were specific for these
antigens were identified. 148 T cell clones were generated from
a patient recovered from acute visceral leishmaniasis. Several
of these clones that responded to crude antigen with prolifera-
tion > 30-fold above background were also tested for prolifera-
tive responses to the 42- and 30-kD fractions. Of 39 clones
tested for proliferation to the 30-kD antigen, 13 responded
with a stimulation index of 10-fold or higher (Table V). By the
same criterion, 11 of 22 clones tested responded to the 42-kD
L. chagasi antigen. The majority of the clones responded to
both antigens, but two responded to the 30- and not the 42-kD
antigen, while one responded to the 42- and not the 30-kD
antigen. All of these clones were CD4+.

Partial characterization of the 42- and 30-kD fractions. Pu-
rity of the eluted fractions was obtained to the level of a single
band on an SDS-PAGEgel (Fig. 2). The antigens were treated
with different proteolytic agents, including CnBr, trypsin, and
endolys C. Both antigens were digested by each of these treat-
ments (Figs. 3 and 4), demonstrating their protein composi-
tion. In addition, each of the fractions bound all of the lectins
used, as determined by incubation with biotinylated lectin fol-
lowed by avidin-conjugated phosphatase. Binding of lentil lec-
tin is illustrated in Fig. 5. These results indicated that the 42-
and 30-kD fractions appeared to be glycosylated.

Rabbit antisera raised against these two proteins demon-
strated that they have unique antigen determinants. Sera from
rabbits immunized with either antigen were immunoblotted
on or used to immunoprecipitate leishmania lysates (Fig. 6, a
and b). Each of the sera bound to the respective antigens, and
neither bound to both antigens. This was true whether the sera
were reacted with denatured (Fig. 6 a) or nondenatured (Fig. 6
b) leishmania lysate, illustrating that the 30-kD antigen is not
likely to be a breakdown product of the 42-kD antigen. Fur-
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Table I. Proliferation of PBLfrom Patients with Past or Active Leishmaniasis or Chagas' Disease in Response to Antigens of L. chagasi

[3HjThymidine uptake

Leishmaniasis

Antigen Normal Visceral Mucosal Cutaneous Chagas' disease
(I Ag protein/well) (n = 10) (n = 8) (n = 3) (n = 4) (n = 8)

Mr mean cpm X 10-3+SD

116 0.3(0.2) 1.7(1.4) 4.8(3.2) 0.9(1.1) 2.9(2.0)
78 0.3 (0.1) 4.2 (0.9) 3.9 (2.0) 7.1 (6.5) 3.1 (2.1)
70 0.6 (0.2) 4.1 (2.4) 18.1 (9.5)* 12.8 (4.2) 6.5 (2.9)
65 0.2 (0.2) 7.9 (4.1) 20.2 (8.3)* 28.0 (5.5) 7.7 (5.2)
42 0.3 (0.1) 13.5 (3.6)* 37.6 (12.4)* 31.1 (8.0) 18.2 (6.4)*
40 0.4 (0.2) 6.5 (3.8) 14.2 (10.1) 15.2 (6.9) 9.1 (6.9)
30 0.4 (0.3) 12.7 (4.8)* 45.8 (12.5)* 46.1 (10.0) 21.5 (6.3)*
16 0.4 (0.5) 0.9 (1.2) 9.6 (3.5)* 7.7 (3.2) 5.5 (4.0)

None (medium only) 0.2 (0.3) 0.5 (0.7) 1.2 (1.6) 1.4 (2.1) 3.1 (1.1)
Leishmania lysate 0.4 (0.3) 19.2 (6.4)* 72.1 (12.8)* 58.5 (9.3) 16.7 (5.1)*
T. cruzi lysate 0.2 (0.3) ND ND ND 51.8 (7.9)*

105 PBL were incubated for S d in the presence of antigen after a 12-h pulse with [3H]thymidine. * Significant (P < 0.05) proliferation above
background (medium only wells).

ther, these data suggest the presence of unique antigenic deter-
minants on glycoprotein (gp)' 42 and gp 30. The rabbit anti-
serum raised against gp 30 also precipitated a band of - 55-60
kD. Weare in the process of characterizing this molecule(s).

Discussion

PBL proliferative response to leishmania antigens has been
used as a prognostic indicator for recovery from leishmaniasis.
Proliferation of PBL in response to leishmania antigen is nega-
tive in patients with acute visceral leishmaniasis but occurs
after successful therapy (4). In addition to proliferative re-
sponses, we have shown a correlation between the ability of
patient PBL to produce IL-2 and IFN-y in response to leish-
mania antigens after recovery from acute infection (5). We
have therefore chosen proliferation and cytokine production
to evaluate human lymphocyte responses to selected leish-
mania antigens.

The approach used in this study to identify antigens of
leishmania that may be important in stimulating leishmania-
specific T cell activity was to elute them from gels and use
them in soluble form for lymphocyte assays. This can have
advantages over the Western blot approach of antigen analysis,
in which proteins transferred to nitrocellulose are used for in
vitro lymphocyte assays. The use of antigens transferred to
nitrocellulose makes it difficult to ensure either quantitatively
or qualitatively that the same antigenic stimulus is consistently
applied to each well. In contrast, when eluted soluble protein is
used, it is possible to standardize a single lot of antigen for
repeated testing.

Several antigens of L. chagasi stimulated PBL proliferative
responses in the homologous patient group (persons with pre-
vious acute visceral leishmaniasis due to L. chagasi). Someof
the antigens also elicited consistently high responses in PBL

1. Abbreviations used in this paper: gp, glycoprotein.

from cutaneous or mucosal leishmaniasis and in PBL from
Chagas' disease patients. Cross-reactivity between antigens of
different Leishmania species and between antigens of leish-
mania and T cruzi occurs serologically (7, 12), and also in the
PBL proliferation assay (13). Little has been done thus far to
characterize the molecules that the parasites in these groups
may have in common. Of the several proteins and glycopro-
teins shared by the leishmania that cause human disease, a
63-65-kD surface antigen appears to be highly conserved
among these species and subspecies as judged by serological
cross-reactivity (7, 14, 15), and by DNAsequence analysis (our
unpublished data). This antigen from L. chagasi appeared at
63-65 kD. This antigen is not recognized serologically by indi-
viduals with T. cruzi infections (7). However, it is interesting to
note that this antigen was among the most effective in stimu-
lating T cells from both leishmaniasis and Chagas' patients. In

Table I. Production of IL-2 by PBLfrom Patients
with Leishmaniasis or Chagas' Disease in Response
to Antigens of L. chagasi

Units IL-2 produced*

Leishmaniasis patients Chagas'
disease

Antigen Normal Visceral Mucosal Cutaneous patients

L. chagasi
lysate 0 29±5 24±11 32±0 23±12

T. cruzi lysate 0 ND ND ND 48±23
116 0 0 0 0 0
65 0 27±5 18±22 16±0 8±4
42 0 27±5 35±12 27±5 24±8
30 0 37±9 36±26 29±17 31±18

* Units of IL-2 were determined in cultures identical to those in
Table I 48 h after antigen stimulation.
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Table III. In Vitro IFN-y Production by T Cells Stimulated
with L. chagasi 30- and 42-kD Antigens

IFN-yt

L. chagasi T. cruzi
Patient group* Medium lysate Gp 30 Gp 42 lysate

U/mi

Cured visceral
leishmaniasis§ 0 32±0 21±4 21±9 ND

Cutaneous leishmaniasis§ 0 36±8 16±0 32±0 ND
Chagas' diseaset 0 16±0 16±0 16±0 8±0

* No IFN-y was observed by cells from normal individuals stimu-
lated with any of the antigens.
$ IFN production was determined in unconcentrated culture super-
natants from 5 X 104 T cells and I05 irradiated autologous feeder
cells cultured from 1 lsg antigen protein for 72 h.

this regard, purified gp 63 from L. major was suggested to have
some effectiveness in the induction of protective T cell re-
sponses in mice (16).

Serological cross-reactivity was useful in selecting leish-
mania antigens for partial purification. Both gp 42 and gp 30
were identified initially on the basis of their reactivity with sera
from patients with different forms of leishmaniasis and with
sera from Chagas' disease patients. Although antigenic deter-
minants recognized by B cells may differ from those recog-
nized by T cells, as illustrated in studies on influenza virus (17,
18), selection of a protein for studies of T cell responses was
facilitated in this study by observations on antibody reactivity.

In the present study we have begun to characterize selected
antigens of leishmania that are able to stimulate T cells from
individuals with past leishmania infections or with chronic T.
cruzi infections. At least two antigens, gp 30 and gp 42, elicited
consistently high proliferative responses in all three patient
groups to levels roughly equivalent to those obtained using

Table IV. Proliferation of Selected T Cell Lines
to the 30- and 42-kD Antigens

[3H]Thymidine uptake

T cell lines

Stimulation Stimulation
Antigen gp 30 index gp 42 index

mean cpm X 103+SD

L. chagasi lysate
(2 gg protein/well) 17.6±3.1 11.8 15.4±1.9 9.4

Gp 42
(0.5 ,ug protein/well) 7.2±2.6 4.9 8.6±1.8 5.2

Gp 30
(0.5 gg protein/well) 9.2±2.8 6.2 7.9±3.6 4.8

None 1.4±2.8 1.6±0.5

* T cell lines were selected by stimulation of PBL from a patient re-
covered from visceral leishmaniasis with the 30- or 42-kD antigens
eluted from gels (Fig. 1).

Table V. Proliferation of L. chagasi-specific T Cell Clones
to Gp 30 or Gp 42

No. clones positive*/ [3H]Thymidine Stimulation
Antigen No. tested uptake indext

mean cpm
X 10-3±SD mean±SD

Gp 30 13/39 9.4±8.6 23.5±15.0
Gp 42 11/22 14.0±12.5 42.0±33.1
L.d. chagasi lysate 39/39 32.9±17.2 49.8±34.0

Response of 104 T cells cultured with 105 irradiated autologous PBL
and 1 jig protein of the indicated antigen, determined after 3 d of
culture.
* .10-fold stimulation index.
$ Mean value of responding clones only.

crude leishmania extract. Many T cell clones generated from a
patient with cured visceral leishmaniasis responded to both of
these antigens, and T cell lines generated against each of the
antigens responded to both antigens. These findings, together
with the observation that both antigens were among the most
effective in stimulating PBL proliferation and IL-2 production
suggests that these antigens may have one or more common
epitopes. That they may have unique epitopes as well was
indicated by the finding of several T cell clones, isolated after
subcloning, which respond to one but not both of the antigens,
and by the production of non-cross-reactive rabbit antisera.
Gp 30 and gp 42 may be major antigens for T cells, as indi-
cated by the relatively high percentage of the clones analyzed
that were specific for these antigens ( 13 of 39 tested and 11 of
22 tested, respectively). In addition, both gp 30 and gp 42 were
effective in eliciting the production of IFN-'y from T cell lines
from patients with either leishmaniasis or Chagas' disease.
This may be an important consideration for selecting antigens
as candidates for immunoprophylaxis because of the demon-
strated importance of IFN-y in mediating intracellular de-
struction of leishmania (6). Additionally, it is of interest that
all of the gp 30- and gp 42-specific T cell clones isolated were
CD4+.
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Figure 3. The 30-kD L. chagasi glycoprotein is susceptible to proteo-
lytic treatment. 1 tg protein of the eluted 30-kD band (a and b, lane
2) was treated with CNBr (a, lane 3) or trypsin (b, lane 3) as de-
scribed. a and b, lane 1, high molecular weight standards (Bethesda
Research Laboratories).
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Figure 4. The 42-kD glycoprotein is susceptible to proteolytic treat-
ment. a, 1 Ag protein of the eluted 42-kD band (lane 2) was incu-
bated with CNBr (2 parts CNBr: I part protein) for 2.5 h (lane 3), 6 h
(lane 4), or 16 h (lane 5). Lane 1, high molecular weight standards
(Bethesda Research Laboratories). b, 1 jsg protein of the eluted
42-kD band (lane 1) was incubated with endolys C at 400 parts pro-

tein: 1 part enzyme wt/wt (lane 2), 800 parts protein: 1 part enzyme

(lane 3), and 3,200 parts protein: 1 part enzyme (lane 4) for 16 h. In
lane 5, 1 gg of the eluted 42-kD band was incubated with trypsin,
100 parts protein: 1 part enzyme, wt/wt (lane 5), or 25 parts protein:
1 part enzyme (lane 6) for 16 h.

The finding of leishmania antigens that stimulate prolifera-
tion and cytokine production by lymphocytes from Chagas'
disease patients may be of particular significance. Experimen-
tally, mice have been immunized against acute T. cruzi infec-
tion by prior inoculation of L. braziliensis (19) or L. chagasi
(Reed, S. G., unpublished results). These observations, to-
gether with the in vitro tjndings in this report, suggest the
potential of using leishmania antigens to immunize against T.
cruzi. The finding that leishmania antigens induced IFN- y

production by Chagas' patient T cells is relevant with regard to

1 2 3 4 5 6

Figure 5. Treatment of eluted L. cha-
gasi bands with lectin. Lanes I and 2,
whole L. chagasi lysate; lanes 3 and
4, 42-kD eluted protein; lanes 5 and
6, 30-kD eluted protein. Proteins
were transferred to nitrocellulose and
treated with biotinylated Lens culin-
aris (lanes 1, 3, and 5) followed by al-
kaline phosphatase avidin, Or with al-
kaline phosphatase avidin only (lanes
2, 4, and 6), before addition of sub-
strate.
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Figure 6. a, Immunoblot of L. chagasi lysate using rabbit antisera
produced against the 30-kD (lane 1) and the 42-kD (lane 2) antigens.
5 fg lysate protein/lane. b, Radioimmunoprecipitation of L. chagasi
lysate using the same sera (lanes 1 [42 kD] and 2 [30 kD]) and nor-

mal rabbit serum (lane 3).

mechanisms of immune protection against acute T. cruzi in-
fection. It has been shown that IFN-y can mediate resistance
in experimental T. cruzi infections (20). Finally, because of the
possibility that certain pathological manifestations of Chagas'
disease are due to autoimmune responses induced by T. cruzi
antigens (reviewed in reference 21), the potential of immuniz-
ing against this infection with antigens other than those of T.
cruzi may be of particular interest.

The possibility that the leishmania antigen-induced prolif-
eration and cytokine production of PBL and T cell lines from
Chagas' disease patients was due to multiple infections and not
cross-reactivity is extremely slight. All of the Chagas' patients
tested were from areas that are not endemic for leishmaniasis,
and none had clinical histories, signs, or symptoms of any
form of leishmaniasis. Wehave shown how the possibility of
dual infection may' be ruled out in a previous report (3).

In conclusion, we have begun to analyze antigens of leish-
mania that stimulate T lymphocyte responses in patients with
treated leishmaniasis. The emphasis in this study was to char-
acterize antigens that are capable of stimulating T cell re-

sponses from patients with infections caused by related para-
sites with the goal of identifying molecules having the potential
to induce protective immune responses against more than one

organism.
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