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Mechanisms of the Natural Reactivity of Lymphocytes from
Noninfected Individuals to Membrane-Associated Leishmania
infantum Antigens1
Atfa Sassi,* Beya Larguèche-Darwaz,* Alexis Collette,† Adrien Six,† Dhafer Laouini,*
Pierre André Cazenave,† and Koussay Dellagi2*

H

uman leishmaniasis are endemic diseases caused by protozoa of the genus Leishmania, which are obligate intracellular parasites that selectively infect macrophages
and dendritic cells (DC).3 Human infection by Leishmania infantum often runs a subclinical and self-healing course (1), but is also
featured by the fatal syndrome of infantile visceral leishmaniasis
(VL) (2).
The host immune responses against intracellular pathogens are
primarily T cell mediated (3). The outcome of infection in humans
is determined by the balance between the contrasting effects of
protective (IL-2 and IFN-␥) and nonprotective (IL-3, IL-4, and
IL-10) cytokines produced during the initial phase of infection (4).
Human leishmaniasis does not actually reproduce the strict dichotomy between the two Th subsets Th1 and Th2, which characterize
the murine model of disease, as both IFN-␥ and IL-10 are coexpressed in visceral and mucocutaneous diseases and the role of
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IL-4 is less obvious than in mice (5, 6). It has been suggested that
the immune depression, which characterizes VL, is most likely the
consequence of the potent inhibitory effects of IL-10 (7). Factors
that skew the immune response toward Th1 or Th2 dominance are
partially understood. It is considered that direct interaction between parasite Ags and cells of the host innate immunity most
likely induces a set of cytokines that participate to shape the subsequent adaptative immune response. For instance, Leishmaniainfected DC secrete IL-12, which directly activates NK cells to
produce IFN-␥, which in turn activates the macrophage leishmanicidal activities and favors differentiation of Th1 cells (8). Several
studies have reported that Leishmania promastigotes and Leishmania extracts induce in vitro proliferative responses of PBMC from
nonexposed individuals. Thus, Leishmania aethiopica promastigotes activate NK cells (9), while soluble and nonsoluble Ags from
Leishmania major, Leishmania donovani, and Leishmania guyanensis induce T cell proliferation (10) and cytokine secretion (11,
12). These effects could indicate the presence in Leishmania preparations of mitogenic or superantigenic molecules or expression of
T epitopes of Leishmania Ags cross-reactive with other microorganisms (10, 13).
Analysis of the innate response of naive individuals to Leishmania Ags may provide, better than the use of murine models,
important insights in the early cellular events triggered by parasite
infection. In addition, it may facilitate discrimination between protective and nonprotective immune responses for better vaccine design and development. In this perspective, we investigated the
mechanisms of cellular responses to Leishmania Ags expressed by
PBMC from noninfected individuals living in endemic or in nonendemic regions. We show that the biological effects characterizing this natural reactivity are mainly triggered by membrane-associated Ags (MLA) and not by soluble Leishmania Ags (SLA),
are mediated by CD4 T cells secreting IFN-␥ and IL-10, and could
not be ascribed to any parasite superantigen (SAg). Furthermore,
0022-1767/05/$02.00
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Membrane-associated Leishmania Ags (MLA) or soluble Leishmania Ags were used in vitro to stimulate cord blood or PBMC from
healthy donors noninfected by Leishmania parasites. MLA, but not soluble Leishmania Ags, constantly induce strong proliferation
of cord blood mononuclear cells and PBMC from noninfected individuals. Responding cells are CD3ⴙ, CD4ⴙ, TCR␣␤ⴙ,
CD45ROⴙ, and CD45RAⴙ and secrete IFN-␥ and IL-10, but not IL-4. MLA do not activate NK cells nor NKT cells. Membrane
Ags also induce purified macrophages from noninfected individuals to secrete IL-10 and TNF-␣, but have no effect on IL-1␣ or
IL-12 secretion. The effects of MLA are proteinase K-sensitive and resistant to lipid extraction. The lymphoproliferative responses
are inhibited by anti-HLA-DR Abs and require Ag processing by APCs, excluding that the biological effect of MLA could be
attributed to a superantigen. Finally, TCR repertoire analysis shows that the T cell expansion induced by MLA uses TCR with
various variable ␤ segment rearrangements and CDR3 lengths, features much more characteristic to those observed with a
polyclonal activator than with a conventional Ag. These results suggest a particular mechanism developed during the host’s
natural response to Leishmania parasites that allows direct activation of naive CD4 lymphocytes by parasite membrane-associated
Ags. The Journal of Immunology, 2005, 174: 3598 –3607.
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we can demonstrate that they involve both naive and memory T
cells and use structurally diverse TCR variable ␤ segment (BV)
and CDR3 much as a polyclonal activator does.

Materials and Methods
Donors

Reagents and Abs
PHA was purchased from Difco Laboratories. PPD and tetanus toxoid (TT)
were obtained from Institut Mérieux. Proteinase K (PK), polymixin B, LPS
from Escherichia coli, SAgs Staphylococcus aureus enterotoxin A (SEA)
and B (SEB), and the E-Toxate kit (Limulus amebocyte lysate test) were
purchased from Sigma-Aldrich. TRIzol reagent was obtained from Invitrogen Life Technologies. S. Chouaı̈b (Institut Gustave Roussy, Villejuif,
France) kindly provided the human rIL-2. The Lympho-kwik TH lymphocyte isolation reagents were from One Lambda. Mouse anti-IgG-coated
magnetic beads were purchased from Dynal Biotech.
The following Abs were used for immunofluorescence staining: Cyc
IgG1, PE IgG1, FITC IgG1, PE IgG2a, FITC CD3, Cyc CD4, Cyc CD8,
FITC CD14, FITC CD19, FITC CD45RO, and PE CD161/NKR P1A were
from BD Pharmingen; and FITC CD3/PE (CD16 CD56), FITC CD20, PE
V␤11, FITC V␣24, PE CD45RO, FITC CD45RA, anti-TCR␣␤, antiTCR␥␦, and FITC goat anti-mouse IgG were from Beckman Coulter. Abs
Cyc IgG1, PE IgG1, FITC IgG1, and PE IgG2a were used as isotype
controls. Culture supernatants containing murine mAbs to human CD3
(clone CD3.12.37, IgG2a), anti-CD4 (IgG1), anti-CD8 (clone CD8.1.1,
IgG2b), and isotypic controls (IgG1 and IgG2b) were from Institut Pasteur
de Tunis. Anti-CD45RA (ALB11) and anti-CD45RO (UCHL-1) mAbs
used for the depletion of the T CD45RA⫹ or T CD45RO⫹ subsets were
purchased from Beckman Coulter.
mAbs and recombinant human cytokines for cytokine assays were purchased from BD Pharmingen. The following mAbs were used: IL-1␣ 3643B3-114, IL-4 8D4-8, IL-10 JES3-19F1, IL-12 20C2, TNF-␣ mAb1, and
IFN-␥ NIB42 for capture, and IL-1␣ 28.9, IL-4 MP4-25D2, IL-10 JES312G8, IL-12 C8.6, TNF-␣ mAb11, and IFN-␥ 4S.B3 for detection. G.
Sterkers (Hôpital Robert Debré, Paris, France) kindly provided mAbs directed against MHC class I (clone W6. 32) and MHC class II determinants
(HLA-DP clone B7.21.1, HLA-DQB, anti-DQ broad, clone 33.1, and
HLA-DR clone L243).

Preparation of Leishmania Ags
MLA were extracted from promastigotes of L. infantum (strain MHOM/
TN/80/IPT-1), as previously described, with few modifications (15).
Briefly, promastigotes were grown at 26°C in RPMI 1640 (Invitrogen Life
Technologies) culture medium containing 2 mM L-glutamine, 100 U/ml
penicillin, 100 g/ml streptomycin, and 10% of heat-inactivated FCS. All
purification steps were performed in sterile conditions on ice or at ⫹4°C.
Parasites were washed in 10 mM Tris, 150 mM NaCl, pH 7.5, resuspended
in hypotonic lysis buffer (10 mM Tris-HCl, 2 mM EDTA, pH 8.0), and
disrupted on ice with a Dounce homogenizer. After centrifugation for 30
min at 10,000 ⫻ g, pellets were resuspended in TM buffer (20 mM Tris-

HCl, 3 mM MgCl2, pH 8.0) containing 5% sucrose and centrifuged for 30
min at 10,000 ⫻ g on a 20% sucrose layer using a swinging rotor (L7
Ultracentrifuge; Beckman Instruments). The pellets were then resuspended
in TM buffer 52% sucrose and centrifuged for 2 h 30 min at 100,000 ⫻ g
on a discontinuous gradient consisting of three layers of 42, 52, and 60%
sucrose in TM buffer. Membrane extracts, which collect as sediments at the
42–52% sucrose interface, were recovered and washed twice at 10,000 ⫻
g for 30 min at ⫹4°C with TM buffer and then with sterile 0.01 M PBS,
pH 7.4.
SLA were prepared from the same strain, as previously described (16).
Briefly, promastigotes were harvested from culture and washed four times
in cold PBS. They were then resuspended at 1.2 ⫻ 109 parasites/ml in 100
mM Tris-HC1, 1 mM EDTA (pH 8.0) with 50 pg/ml leupeptin, 50 pg/ml
␣2-macroglobulin, and 1.6 mM PMSF (all components are from SigmaAldrich), and were incubated at 4°C for 10 min. The parasites were then
subjected to sonication at 4°C and were viewed microscopically to ensure
that all of the parasites had been disrupted. The parasite suspension was
then centrifuged at 27,000 ⫻ g for 20 min, and supernatant was collected
and was recentrifuged at 100,000 ⫻ g for 4 h. The supernatant was then
harvested, dialyzed against PBS, sterilized by passage through a 0.22-m
filter, and stored at ⫺80°C until use. The bicinchoninic acid protein assay
kit (Pierce) was used to determine protein concentrations. The endotoxin
levels in SLA and MLA were ⬍0.06 U/ml, as determined with the Limulus
amebocyte lysate assay. Aliquots of SLA and MLA were stored at ⫺80°C
until use.
To determine whether the membrane Ag(s) that triggers cell proliferation are proteins, MLA were digested with PK (17). Membrane Ags were
incubated overnight at 42°C with PK (10 U/mg Ag) and then precipitated
with methanol at ⫺20°C for 2 h. The precipitate was collected after centrifugation at 10,000 ⫻ g for 30 min at ⫹4°C and then washed with 70%
methanol. Pellets were air dried and resuspended in sterile PBS (0.01 M,
pH 7.4). PPD was treated similarly and used as control.
Lipid extraction from MLA was performed with chloroform/methanol
(2:1 v/v). Twenty volumes of chloroform/methanol were added to 1 vol of
membrane Ags. After homogenization, the mixture was incubated for 30
min at room temperature and centrifuged at 10,000 ⫻ g for 30 min, and the
supernatant containing extracted lipids was discarded. The pellets were
subjected to three successive extractions with chloroform/methanol. The
insoluble material was washed with cold 70% methanol, air-dried, and
resuspended in sterile PBS (0.01 M).

Cell purification
PBMC and cord blood mononuclear cells (CBMC) were isolated from
heparinized blood samples using Ficoll-Paque (Pharmacia) density gradient centrifugation. Cells were washed and resuspended at 106 cells/ml in
complete medium (RPMI 1640, 2 mM L-glutamine, 100 U/ml penicillin,
100 g/ml streptomycin, and 10% heat-inactivated normal human AB serum). Monocytes were purified, as follows: PBMC at 1–2 ⫻ 106/ml were
allowed to adhere to 24-well tissue culture plates (Costar) for 2 h at 37°C,
under 5% CO2 in medium containing 2% human AB serum. Nonadherent
cells were removed by several washes with prewarmed medium. The adherent fraction consisted on ⬎98% monocytes after staining with antiCD14, anti-CD19, and anti-CD3 mAbs, and subsequent FACS analysis. In
addition, we checked that no IFN-␥ was detectable in culture supernatant
after incubation of purified monocytes with PHA. T cells depleted in the
CD45RA⫹ or CD45RO⫹ subsets were obtained, as follows: purified T
cells were incubated with anti-CD45RA or anti-CD45RO mAbs for 30 min
at 4°C, washed twice in PBS 0.1% BSA, and then mixed with magnetic
beads coated with anti-mouse IgG for 30 min at 4°C. Adherent cells on
magnetic beads were removed with a magnet (Dynal Biotech). T cellpurified fractions contained ⬎98% CD45RA⫹ or CD45RO⫹ cells. Depletion of CD3⫹ T cells was performed by incubation of PBMC (5 ⫻ 106/ml)
for 45 min on ice with anti-CD3 mAbs (clone CD3.12.35, IgG2a). After
three washes, cells were incubated for 30 min at 37°C with complement
from rabbit (1/5 dilution) and washed extensively. Viable cells were adjusted to 106/ml in complete medium. Control cell preparations were prepared in parallel, without addition of anti-CD3 mAbs, to check for toxicity
due to rabbit complement.

Analysis of Ag processing and presentation
T cells were purified from PBMC by subjecting them to two rounds of
adherent cell depletion on polystyrene dishes and by treating the nonadherent cells twice with the Lympho-Kwik TH lymphocyte isolation kit to
remove any residual APCs, i.e., CD19⫹ (B lymphocytes) and CD14⫹
(monocytes) cells. CD14⫹ and CD19⫹ cells within the purified T cell fraction were ⬍0.1 and ⬍0.3%, respectively, as assessed by FACS analysis.
Purified T cells did not proliferate to PHA, PPD, or SEB.
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Noninfected individuals. In previous experiments, we demonstrated that
individuals living in countries endemic for leishmaniasis could be considered noninfected (i.e., naive to Leishmania parasites) if they did not have
any history of clinically apparent leishmaniasis, are nonreactive to the
leishmanin skin test (LST), and are not responsive in in vitro lymphoproliferative assays to SLA (14). Heparinized venous blood samples were
collected after informed consent from 22 Tunisian adults fulfilling these
criteria.
Nonexposed controls. PBMC from eight healthy Swedish adult blood donors, who had not visited any country endemic for leishmaniasis, were
kindly provided by H. Akuffo (Karolinska Institute, Stockholm, Sweden).
PBMC were purified in Sweden and deep frozen in 10% DMSO according
to standard procedures. Vials were sent to Tunisia in dry ice by rapid
delivery. Cell viability was ⬎95% after recovery. Control of viability includes PHA- and purified protein derivative of tuberculin (PPD)-induced
proliferative assays, as indicated below.
Cord blood samples. Twenty-four cord blood samples were collected immediately after delivery of full-term Tunisian newborns, who were delivered normally and showed no evidence of infection or congenital anomaly.
Control group. Fifteen children cured of VL (age range 2–11 years, mean
4 ⫾ 2 years) were included in this study. The diagnosis of VL was established by identification of Leishmania parasites in bone marrow aspirates
and/or in positive culture on NNN culture medium. Blood samples were
obtained after parental consent 2 years after disease’s cure.
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For Ag-processing experiments (18): PBMC were incubated with 0.14%
paraformaldehyde (Sigma-Aldrich) in PBS for 1 min at 37°C and then
washed extensively with cold 0.15 M glycine in PBS. These cells were
used at 5 ⫻ 104 cells/well as APCs to autologous purified T lymphocytes
(105 cells/well) and cultured for 6 days. Cultures were pulsed with [3H]thymidine, and incorporation was measured in a liquid scintillation counter
(model 1900 TR; Packard Instrument).

Proliferation assays

Ab inhibition experiments

Statistical analysis

To investigate whether MLA presentation by APCs requires MHC class I
and/or class II Ags, PBMC from noninfected donors and CBMC were
incubated with MLA in the presence of mAbs directed against MHC class
I or MHC class II determinants. mAbs were used at a 1/400 dilution for
MHC class I and a 1/200 dilution for MHC class II. These dilutions did not
induce any significant inhibition of PHA-induced cell proliferation. mAbs
to CD4 (IgG1) or CD8 (IgG2b) molecules were also used in inhibition
experiments. CBMC and PBMC from Tunisian noninfected donors were
incubated with mAbs for 1 h at 37°C in 5% CO2, before the addition of the
stimuli. Irrelevant isotype control Abs IgG1 and IgG2b were tested in
parallel. Plates were incubated for 5 days, and each well received 1 Ci of
[3H]thymidine before harvesting. Results are expressed as percentages of
inhibition of the proliferative response.

SD indicates in this study the variance of the whole group. Statistical significance was assessed by paired or unpaired Student’s t test. Values of p ⬍
0.05 were considered statistically significant.

Phenotype of cells proliferating to MLA
PBMC and CBMC were harvested after 6 days of culture and washed twice
in ice-cold PBS supplemented with 1% BSA and 0.1% sodium azide. Cells
were labeled for 30 min on ice with the appropriate mAbs and then were
washed twice and fixed with 0.3% paraformaldehyde in PBS. Ten thousand
events for each sample were analyzed on a FACSVantage cytofluorograph
(BD Biosciences) using LYSIS II software.

Analysis of in vitro cytokine production by ELISA
PBMC were cultured at 106/ml in complete medium and stimulated as for
proliferative assays with optimal concentrations of PHA, PPD, SLA, and
MLA. Supernatants from stimulated and nonstimulated cultures were collected after 2 days for IL-10 and IL-4, and after 3 days for IFN-␥. Aliquots
were stored at ⫺80°C until analysis. Purified monocytes were cultured at
2– 4 ⫻ 105/ml complete medium (RPMI 1640 containing 2% heat-inactivated human AB serum) in 24-well plates. Cells were incubated in the
absence or the presence of 10 g/ml MLA, 10 ng/ml LPS, or MLA plus
LPS. For IL-12 induction, cells were activated with LPS plus human
rIFN-␥ (100 U/ml). Cytokine secretion was monitored in the supernatant
after 24, 48, and 72 h of culture. Cytokines were quantified by an in-house
designed ELISA using commercial Abs and recombinant human cytokines
purchased from BD Pharmingen (14). Cytokine levels were determined by
interpolation from standard curves based on recombinant cytokines. The
detection limits were 10 pg/ml for IL-1␣, IL-4, IL-10, IL-12, and TNF-␣,
and 50 pg/ml for IFN-␥. Cytokine concentrations were calculated as the
difference between control and stimulated cultures.

TCR BV repertoire and CDR3 size spectratyping analysis
PBMC from three noninfected adults were cultured at 2 ⫻ 106/ml for 3, 5,
or 7 days with different stimuli (PHA, anti-CD3, PPD, MLA, and SEB) or
incubated without stimulation. Cultures were subjected to Ficoll-Paque
density centrifugation to enrich for blastic cells and incubated for 36 h in
the presence of human rIL-2 (19). Cells were harvested and stored in
TRIzol reagent at ⫺80°C until extraction of RNAs. Aliquots of PBMC

Results
MLA induce proliferation of CBMC and PBMC from
noninfected individuals
In previous epidemiological studies, we have shown that healthy
individuals living in Tunisia, a country endemic for leishmaniasis,
are exposed to sandfly bites and may be asymptomatically infected
with Leishmania parasites. Asymptomatic infection leads to the
development of an immune memory of the delayed type to L.
major parasites attested by a positive LST and by in vitro induced
lymphoproliferative responses to Leishmania soluble extracts. A
strong correlation exists between LST reactivity and in vitro lymphoproliferative responses to L. major SLA (14). Essentially, similar results were obtained whether L. major or L. infantum extracts
were used, in areas endemic either for L. major or L. infantum
infections (14) (our unpublished data) (young adults). Individuals
whose lymphocytes are nonreactive to L. infantum SLA are regularly LST negative. In the absence of any history of leishmaniasis,
these individuals could be considered as noninfected (i.e., naive to
Leishmania parasites).
In contrast to the high specificity and sensitivity of the in vitro
responses induced by SLA, which accurately identify LST-positive
immune individuals including children cured of VL, we found
quite unexpectedly that PBMC from all tested individuals, whether
LST positive or LST negative, proliferate vigorously when incubated with membranes extracted from L. infantum parasites (Fig.
1A). Similar results were obtained with MLA extracted from L.
major parasites (data not shown). These results suggest that human
lymphocytes may express a natural reactivity to some components
of Leishmania membranes.
To confirm these observations, we selected two groups of individuals not exposed to Leishmania parasites, namely newborns and
blood donors living in a nonendemic country (Sweden). PBMC
from both groups constantly proliferate to MLA (SI ⱖ3 and ⌬ cpm
ⱖ5000), but not to SLA (Fig. 1, C and D). The optimal concentration of MLA was 5–10 g/ml. Cell proliferation to MLA peaked
at days 5– 6 as with the classic Ag PPD (data not shown). CBMC
did not proliferate to PPD (SI ⬍3), indicating that they were not
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PBMC and CBMC at 105 cells/well in 100 l of complete medium were
plated in triplicate in 96-well round-bottom microtiter plates (Nunc) and
stimulated with mitogen, Ags, or SAgs. Control cells were left nonstimulated. Plates were incubated for 3 days for PHA and 5– 6 days for Ags or
SAgs at 37°C in 95% humidified air with 5% CO2. Mitogen and Ags were
used at final concentrations of 10 g/ml for PHA, 250 U/ml for PPD, and
5–10 g/ml for SLA and MLA. These concentrations were found in preliminary experiments to be optimal for causing stimulation. SEA and SEB
were used at 5 ng/ml. The kinetics of cell proliferation was studied by
incubating PBMC and CBMC at 106 cells/ml for 2–7 days in the presence
of mitogen or Ags. Cells were pulsed with 1 Ci/well [3H]thymidine (sp.
act., 5 Ci/mM; Amersham) for the last 6 h of incubation, and incorporated
radioactivity was counted in a liquid scintillation counter.
Data are expressed as ⌬ cpm (cpm in stimulated cultures ⫺ cpm in
nonstimulated cultures) or as stimulation indexes (SI); ⌬ cpm of stimulated
wells/cpm in control wells). Cell proliferation was considered as significant
when ⌬ cpm and SI were ⱖ5000 and ⱖ3, respectively.

from each donor were conserved at day 0 in TRIzol reagent at ⫺80°C and
used as controls for the repertoire analysis.
Total RNA was extracted from 66 samples using the TRIzol kit. TCR
BV gene segment usage was investigated using a semiquantitative adaptation of the Immunoscope approach (20) after standardization of T cellspecific material between samples by quantification of the number of copies of CD3␦ transcripts by a competitive PCR (21). Briefly, 30 cycles of
PCR were performed with each one of the 24 BV-specific primers and a
fluorescent (FAM)-labeled constant ␤ segment (BC)-specific primer using
25 or 50 ⫻ 109 copies of CD3␦-specific cDNA, as determined in preliminary experiments. Diluted PCR products were loaded on a 6% sequencing
gel and run on a 36-well ABI 373 automated sequencer (Applied Biosystems). The Immunoscope software was used to obtain peak areas, nucleotide lengths, and CDR3 profile displays from sequencer raw data. The
ISEApeaks software package (22) was used to analyze Immunoscope raw
data. ISEApeaks retrieves and smooths the peak data of each sample, consisting of peak areas and nucleotide lengths of the CDR3 region. Relative
percentages of use for each CDR3 length and each BV segment were automatically computed. To compare the BV-BC repertoires of each activation condition, data from each sample were gathered in a peak database to
study the magnitude of perturbation (DBV-BC) or skewing of the CDR3
spectratypes from a theoretical nonperturbed repertoire exhibiting a Gaussian distribution (23). In our case, perturbation was assessed by comparing
the CDR3 length distributions with those exhibited at day 0. The mean of
TCR repertoire perturbation (DBV-BC) of each sample was determined
in each stimulation condition by the ISEApeaks software.
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contaminated by maternal PBMC (Fig. 1D). MLA preparations
were LPS/endotoxin-free, as checked by the Limulus amebocyte
lysate test. In addition, polymixin B treatment of MLA did not
abrogate cell proliferation and cytokine secretion (data not shown).
MLA induce cytokine secretion by PBMC and purified
monocytes from noninfected individuals
Cytokine production was measured by ELISA in the supernatants
of in vitro MLA- or SLA-stimulated CBMC and PBMC from Tunisian and Swedish adults. High levels of IFN-␥ and IL-10 were
regularly induced by MLA, but not SLA (Fig. 2, A, C, and D).
PBMC from individuals with cured VL, used as a positive control,
produced high levels of IFN-␥ and IL-10 when stimulated with
MLA or SLA. However, the highest levels were obtained with
MLA (Fig. 2B). In these experiments, IL-4 was never detected,
except after PHA stimulation (data not shown).
IL-10 is a ubiquitous Th2 cytokine that is produced by either T
or B lymphocytes or by monocytes. We therefore investigated
whether MLA can directly activate purified monocytes to secrete
IL-10 and other monokines. Monocytes from noninfected individuals were purified from PBMC (purity ⬎98%) and incubated with
SLA or MLA. IL-1␣, IL-12, IL-10, and TNF-␣ concentrations in
the culture supernatants were then measured by ELISA. We confirmed the absence of any contaminating CD3⫹ T cells or CD19⫹
B cells using flow cytometry and demonstrating that PHA failed to
induce any IFN-␥ secretion by the purified cells (data not shown).
SLA had no effect on monocytes. In contrast, MLA induced significant secretion of IL-10 and TNF-␣, but not of IL-1␣ or IL-12
(Fig. 3). MLA synergize with suboptimal concentrations of LPS
for TNF-␣ (Fig. 3, C and D; p ⬍ 0.05) and particularly for IL-10
secretion (Fig. 3, A and B; p ⬍ 0.002). Purified monocytes produce
high levels of IL-1␣ (Fig. 3E) or IL-12 (Fig. 3F) when incubated
with suboptimal doses of LPS or with LPS plus IFN-␥, respectively. Interestingly, addition of MLA to these reagents inhibits

FIGURE 2. IFN-␥ (F) and IL-10 (E) secreted by in vitro stimulated
blood mononuclear cells. PBMC from noninfected Tunisian adults (A),
cured VL children (B), nonexposed Swedish individuals (C), and CBMC
(D) were stimulated with SLA, MLA, or the mitogen PHA. Cytokine concentration was measured in culture supernatants harvested after 48 or 72 h
for IL-10 or IFN-␥, respectively.

IL-1␣ and IL-12 secretion ( p ⬍ 0.02 and p ⬍ 0.0001, respectively)
(Fig. 3, E and F).
Altogether, these data suggest that MLA exert a proliferative
effect on lymphocytes from noninfected individuals, inducing
mainly the Th1 cytokine, IFN-␥. MLA also activate monocytes to
secrete the inflammatory cytokine TNF-␣, but not the immunoregulatory IL-1␣ or IL-12. MLA-induced IL-10 was produced by
both monocytes and lymphocytes. To ascertain that T lymphocytes
from noninfected individuals can secrete IL-10 when activated by
MLA, we established a continuous cell line from one donor by
iterative stimulation of PBMC with MLA. This cell line, after continuous expansion during 12 wk, consisted only of CD4⫹ T cells
and still proliferated to MLA and secreted IL-10 and IFN-␥, but
not IL-4 upon stimulation (data not shown).
Leishmania Ags, which induce proliferative responses and
cytokine secretion in PBMC from noninfected individuals, are
proteins
Considering the high content of glycolipids, especially lipophosphoglycan, in membrane preparations extracted from Leishmania
parasites, we tested whether component(s)-inducing proliferative
response and/or cytokine secretion in noninfected individuals were
glycolipids and/or proteins. For that purpose, MLA preparations
were delipidated by three rounds of chloroform/methanol extraction, and the capacity of the delipidated fraction to induce lymphoproliferation and cytokine induction was tested. Cell proliferation and IFN-␥ secretion were not altered by lipid extraction,
whereas production of IL-10 was significantly decreased ( p ⬍
0.01), although not totally abrogated (Fig. 4A). In contrast, when
MLA proteins were fully digested by an excess of PK, the in vitro
lymphoproliferative responses and cytokine secretion of IFN-␥
and IL-10 in culture supernatants were totally abrogated (Fig. 4B).
These data indicate that the biological effects induced by MLA in
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FIGURE 1. In vitro lymphoproliferative responses to MLA, SLA, and
PPD Ags. PBMC were obtained form 22 noninfected Tunisian adults (A),
15 cured VL children (B), and 8 nonexposed Swedish blood donors (D),
and CBMC were obtained from 24 Tunisian newborns (C). Cells were
stimulated with 10 g/ml SLA or MLA and 250 U/ml PPD for 5– 6 days.
Cell proliferation was considered positive when ⌬ cpm and SI were ⱖ5000
and ⱖ3, respectively. Results are represented in ⌬ cpm. Each point is
representative of one individual.
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PBMC from noninfected individuals are largely mediated by proteins, although some lipidic or proteolipidic component(s) may
participate in the induction of IL-10 secretion by monocytes.
MHC class II molecules are required for MLA-induced
lymphoproliferative responses in noninfected individuals
To check whether MHC molecules are required for the induction
by MLA of proliferative responses in noninfected individuals, we
performed inhibition experiments using a panel of mAbs to MHC
class I or class II Ags. PBMC or CBMC were incubated with
MLA, PPD, or PHA in the presence of MHC-specific mAbs. Cell
proliferation to MLA was completely abrogated by mAbs to DR
Ags. mAbs to class I and to DP or DQ class II Ags, as well as
irrelevant mAbs expressing the same isotypes, were only weakly
inhibitory (Fig. 5A). DR-specific mAbs also strongly inhibited
PPD-induced proliferation, but, as expected, had a minimal effect
on PHA-induced cell proliferation. Similar results were obtained
with MLA-stimulated CBMC. In the latter experiments, PHA was
used as a positive control instead of PPD because CBMC do not
proliferate to PPD (Fig. 5B). These data indicate that membrane
Ags inducing proliferative responses in noninfected individuals are
presented by APCs to lymphocytes in the context of DR molecules
and exclude the possibility that they merely act as mitogens.

MLA do not contain SAg(s)
The fact that MLA induce strong proliferative responses of PBMC
from noninfected individuals and that the responses require presentation by MHC class II molecules raises the possibility that
MLA may contain SAg(s). To test this hypothesis, we checked
whether MLA processing by APCs is required. T cells were purified from PBMC from noninfected individuals by the double step
of adherence to plastic and complement depletion of CD14⫹ or
CD19⫹ cells by the Lympho-Kwik kit. We assessed the high purity of T cells using flow cytometry (⬎99%) and by demonstrating
that they could no longer proliferate to PPD, MLA, and SEB because of the total depletion of APCs (Fig. 6). Autologous PBMC
either untreated or Formalin fixed were used as APCs. We established the optimal conditions for Formalin fixation of APCs in
preliminary experiments, by demonstrating that APCs that had already processed MLA or PPD before Formalin treatment were still
able to induce proliferative responses of T cells. Using these experimental conditions, we found that PBMC from noninfected individuals once fixed with Formalin and therefore unable to process
Ags could no longer present MLA or the conventional Ag PPD to
purified T cells. Control experiments using similar experimental
conditions showed that SAg SEB was still able to induce cell proliferation (Fig. 6).
Phenotype of blood mononuclear cells responding to MLA
To determine which T cell subsets are targeted by MLA, we
treated PBMC from two noninfected adults with anti-CD3 mAbs
and complement. Depletion of CD3⫹ T cells totally abrogated cell
proliferation (Fig. 7A) and cytokine production (data not shown).
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FIGURE 3. Cytokine production by purified human monocytes stimulated in vitro. Adherent cells were purified from PBMC of noninfected
Tunisian donors (n ⫽ 6) and stimulated with MLA (10 g/ml). ⫹ MLA,
Indicates stimulation with MLA and LPS (10 ng/ml) (for IL-10, TNF-␣,
and IL-1␣ induction) and with MLA, LPS, and IFN-␥ (100 U/ml) (for
IL-12 induction). The concentrations of IL-10 (A and B), TNF-␣ (C and D),
IL-1␣ (E), and IL-12 (F) in the culture supernatants, harvested after 24 h
of incubation, were determined by ELISA. Results are expressed as mean
amounts of cytokine ⫹ 1 SD.

FIGURE 4. Effect of lipid extraction (A) or PK digestion (B) of MLA on
cell proliferation and production of cytokines IFN-␥ and IL-10. A, PBMC
from noninfected donors were cultured in the presence of MLA (5–10
g/ml) or chloroform/methanol-extracted MLA (MLAⴱ). PPD and SLA
were used as controls. B, PPDa and MLAa, Ags that were not treated with
PK. PPDb and MLAb, Ags that were subjected to the same incubation and
washing steps as PPDc and MLAc without the addition of PK. PPDc and
MLAc, Ags that were digested by PK, as described in Materials and
Methods.
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Similarly, addition of CD4-specific mAbs strongly inhibited
MLA-induced cell proliferation, while addition of mAbs specific
to CD8 Ags had no effect (Fig. 7B). To further determine whether
T cells responding to MLA have the phenotype of naive or memory cells, we performed proliferative assays using T cells depleted
in either the CD45RA⫹ (naive) or the CD45RO⫹ (memory) T
subset. Irradiated autologous PBMC used as APCs were added to
T cells depleted in either of these subsets. Fig. 8 shows that both
fractions, containing residual CD45RA⫹ or CD45RO⫹ T cells,
respectively, still proliferate to MLA. As expected, proliferation to
recall Ags, such as PPD or TT, was maintained in T cells depleted
of CD45RA⫹ naive lymphocytes, but was abrogated in T cell
preparations depleted of CD45RO⫹ memory cells.
Using a panel of mAbs to various cell surface Ags, we characterized the phenotype of lymphocyte subpopulations responding to
MLA by gating the flow cytometer on activated cells (R2 gate). As
shown in Fig. 9A, ⬎80% of R2-gated cells activated by MLA,
from adult noninfected donors, express CD3⫹, CD4⫹, and
CD45RO⫹ surface markers ( p ⬍ 0.005). This fraction contained
very few CD45RA⫹ cells, ␥␦⫹ T cells, B (CD20⫹) cells, monocytes (CD14⫹), or NKT (V␣ 24⫹V␤11⫹) cells. There was only a
marginal increase in the R2 gate of CD8⫹ T cells, NK
(CD3⫺CD16⫹CD56⫹) cells, or CD161⫹ compared with nonstimulated cells. PPD-stimulated cells were also tested as control.
In this case, R2-gated cells bear either the CD4⫹CD45RO⫹ or
CD8⫹CD45RO⫹ phenotype or the CD3⫺CD16⫹CD56⫹ phenotype ( p ⬍ 0.05). In experiments using CBMC, similar results were
observed, except that slightly larger numbers of CD4⫹CD45RA⫹
cells ( p ⬍ 0.05), CD8⫹ cells ( p ⬍ 0.01), and NK
(CD3⫺CD16⫹CD56⫹) cells ( p ⬍ 0.05) were recorded among the
R2-gated cells, although with large individual variations. However, it is interesting to note that even MLA-stimulated CBMC
showed a large dominance of CD4⫹CD45RO⫹ over
CD4⫹CD45RA⫹ cells (Fig. 9B). Finally, cell surface analysis of
the T cell line established by MLA ⫹ IL-2 iterative stimulation

FIGURE 6. Proliferation to MLA requires processing by APCs before
presentation to T cells. T cells were purified from PBMC of two noninfected adults and incubated in the absence or presence of autologous paraformaldehyde-fixed PBMC (pfAPCs). Fixed APCsⴱ (pfAPCsⴱ) are autologous PBMC, which were allowed to process Ag before paraformaldehyde
fixation. Results are represented as means of ⌬ cpm ⫹ 1 SD.

FIGURE 7. Effect of CD3⫹ T cell depletion on cell proliferation to
MLA and blocking assays of the lymphoproliferative response to MLA by
mAbs. A, PBMC from noninfected Tunisian donors (n ⫽ 2) were incubated
with anti-CD3 mAbs and then with complement to deplete CD3⫹ T cells.
B, Inhibition of proliferation of PBMC from noninfected Tunisian adults
(n ⫽ 9) to PHA, PPD, SLA MLA, and SEA by anti-CD4 and anti-CD8
mAbs. Results are expressed as percentage of inhibition of cell proliferation compared with cultures without added mAbs ⫹ 1 SD.

Downloaded from http://www.jimmunol.org/ by guest on March 2, 2021

FIGURE 5. Inhibition of the lymphoproliferative responses by antiMHC mAbs. PBMC from noninfected Tunisian donors (n ⫽ 4) (A) and
CBMC (n ⫽ 4) (B) were stimulated with PPD, PHA, or MLA in the presence or absence of anti-class I, anti-DP, anti-DQ, or anti-DR class II mAbs.
Results are expressed as mean percentage of inhibition of cell proliferation
by anti-MHC mAbs ⫹ 1 SD.
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showed that 100% of cells present after 12 wk of expansion had
the phenotype of CD3⫹CD4⫹CD45RO⫹ cells (data not shown).
TCRB repertoire analysis of MLA-stimulated PBMC of naive
individuals
We checked whether the MLA-induced T cell expansion expressed
a narrow or a broad range of BV genes and whether it alters the
TCR ␤-chain CDR3 length distributions. For this purpose, we analyzed the V␤ repertoire of cells from three noninfected donors
using the semiquantitative Immunoscope technique. As expected,
the lymphoproliferations induced at days 3, 5, and 7 by polyclonal
T cell activators such as PHA and anti-CD3 mAbs or by a complex
Ag mixture such as PPD did not induce the expansion of specific
V␤-bearing T cells compared with ex vivo PBMC (day 0) or with
control nonstimulated cultures (Fig. 10A; day 7 stimulation results
are represented for one donor, and data for PHA and PPD are not
shown). In contrast, the SAg SEB induced, as expected, a selective
proliferation of V␤3, V␤12, V␤14, V␤15, V␤17, and V␤20 T cells
(24, 25). T cell activation by MLA was associated with some expansion of V␤17 and V␤18 T cells; however, this association was
modest and not consistent from donor to donor (Fig. 10A). These
results further support that MLA-TCR interaction is different from
the one that is established between SAg and TCR.
Finally, we investigated the diversity of CDR3 usage in BVamplified transcripts using a sensitive method based on estimation
of the mean perturbation of TCR repertoire (DBV-BC). Analysis
showed that ex vivo PBMC (day 0), as well as PHA and anti-CD3or SEB-stimulated cells tested at days 3, 5, and 7 were characterized by a Gaussian distribution of CDR3 lengths (data not shown).
DBV-BC at various times of incubation were remarkably similar
between the three individuals tested, confirming that TCR used
CDR3-expressing random length sequences. In contrast, the conventional Ag PPD induced a perturbation in the TCR BV repertoire featured by a deviation in the CDR3 length usage (Fig. 10B).
In addition, analysis of CDR3 spectratypes demonstrated the presence of monoclonal and oligoclonal expansions (data not shown).
Finally, when PBMC were incubated with MLA, we found that the
mean perturbation induced by the latter stimulator was closer to
that induced by polyclonal activators than to that induced by the
conventional Ag PPD.

FIGURE 9. Phenotypic characterization of PBMC activated by MLA.
PBMC (n ⫽ 4) and CBMC (n ⫽ 5) were cultured with MLA (10 g/ml)
for 6 days and analyzed by immunofluorescence staining and flow cytometry after gating on activated cells (R2 gate); 10,000 total events were
counted in each experiment. PPD was used as a positive control for PBMC
stimulation. Results are illustrated as absolute numbers of positive cells
expressing the cell surface markers among PBMC from noninfected adults
(A) and among CBMC (B).

Discussion
The present study characterizes the mechanisms underlying a remarkable biological property of membrane Ags of L. infantum,
namely their capacity to induce in vitro lymphoproliferative responses and cytokine secretion by PBMC from noninfected individuals (i.e., naive to Leishmania parasites). The latter were represented by newborns, healthy noninfected Tunisian adults, or
Swedish blood donors nonexposed to Leishmania infection. Similar results were obtained with MLA extracted from L. major parasites (data not shown). In contrast to soluble Ags extracted from
L. infantum, which react only with PBMC from individuals immune to Leishmania parasites, MLA extracted from the same parasite strain constantly stimulate PBMC from all individuals. These
results confirm that only SLA should be used as Leishmania Ags
in in vitro studies to discriminate accurately between immune and
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FIGURE 8. Role of CD45RA⫹ and CD45RO⫹ T cells in the lymphoproliferative responses induced by MLA. T lymphocytes were purified
from PBMC of two noninfected donors and depleted in the CD45RA⫹ or
CD45RO⫹ subsets. Cell preparations were incubated in the presence of
recall Ags (PPD and TT as controls) or MLA and in the presence of autologous irradiated PBMC as APCs. Results are expressed as percentages
of proliferative responses to bulk PBMC preparation response before
depletion.
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nonimmune individuals (14). MLA-induced proliferation of lymphocytes from noninfected donors is not trivial or due to an artifact: MLA preparations were LPS/endotoxin free and polymixin B
treatment did not affect either cell proliferation or cytokine production. In addition, the extraction procedure of MLA is unlikely
to have generated these properties because whole parasites of L.
infantum are also able to induce cell proliferation of PBMC from
naive adult individuals (data not shown). The effect is to some
extent species restricted because splenocytes from BALB/c mice
did not proliferate to MLA (data not shown). The latter result
indicates, à contrario, that MLA reactivity with human PBMC
does not merely reflect the presence in the antigenic preparation of
DNA or RNA acting through TLR9, as this receptor can be expressed by murine B and T lymphocytes (26, 27), but not by human T cells (28).
The natural reactivity of noninfected individuals has been previously reported: studies using Ags from protozoan parasites, including several Leishmania species (9 –13), Trypanosoma cruzi
(29), Toxoplasma gondii (30), and Plasmodium sp. (31). Our
study, however, is the first to our knowledge to specifically ascribe
these effects to membrane-associated Ags.
The property of PBMC of almost all individuals reacting with
membrane Ags raises the possibility that MLA may contain (a)
mitogenic component(s). We could exclude this hypothesis by
showing that cell proliferation to MLA peaks at day 5– 6, that it
requires macrophage processing, and that Ag presentation to T
cells occurs in the context of MHC class II molecules. The latter
characteristic prompted us to test whether responding cells are actually activated by a putative parasite SAg. Several parasites have
previously been reported to contain a SAg that can induce proliferation of T cells bearing particular V␤ TCR. Thus, T. gondii and
Plasmodium yoelii trigger, in nonimmune mice, selective expansions of CD8⫹ V␤5⫹ T cells and of CD4⫹ and CD8⫹ V␤9⫹ T
cells, respectively (32, 33). However, our analysis of the T cell
repertoire did not detect any significant expansion of CD4⫹ T cells

bearing a particular V␤ TCR after MLA stimulation. In addition,
MLA need to be processed by APCs before association with MHC
DR molecules and presentation to T cells, a further indication that
the biological effects of MLA are most likely not due to a SAg. A
further confirmation of this crucial fact was recently obtained using PBMC from a patient with the Bare lymphocyte syndrome (a
congenital immune deficiency due to a genetic defect leading to
nonexpression of class II Ags) whose PBMC were not able to
proliferate in response to MLA, although they effectively proliferate in response to PHA (A. Sassi and K. Dellagi, unpublished
results).
The effects of MLA on PBMC from noninfected adults could
reflect a secondary immune response to some cross-reactive microorganisms or Ag(s) previously encountered by these individuals. Kemp et al. (10) have reported that lymphocytes from Danish
nonexposed individuals respond to Leishmania Ags by proliferation and IFN-␥ secretion. They suggested that the responding cells
are memory cells to cross-reactive Ags because depletion of
CD45RO⫹ (memory) lymphocytes abolishes the lymphoproliferative responses to nonsoluble or soluble Ags of L. donovani or L.
major. These cells were CD2⫹CD4⫹ (but not CD8⫹) and secrete
IFN-␥ and IL-4. The latter cytokine was detected only when cells
were preactivated by PMA and ionomycin (11). Our results differ
from those reported by Kemp in several respects: we show that T
cells depleted in either the CD45RA⫹ or the CD45RO⫹ T cell
subsets equally proliferate to MLA. In addition, the biological effects are triggered only by membrane-associated Ags and not by
soluble Ags. Finally, the cytokines secreted in response to MLA
are mainly IFN-␥ and IL-10, but not IL-4. Our results also differ
from those reported by Akuffo et al. (9), who stimulated PBMC
from naive individuals with L. aethiopica Ags or live parasites,
and showed that responding cells are mainly NK cells (9, 34). In
our results, NK cells are not targets of L. infantum Ags, as shown
by the phenotypic analysis of proliferating cells and from our demonstration that MLA effects were totally abrogated by depletion of
CD3-positive T cells. Finally, it has been reported that
CD8⫹CD45RA⫹ clones and CD4⫹CD45RA⫺ clones from nonexposed individuals secrete IFN-␥ or IL-10, respectively, upon
stimulation with live L. guyanensis parasites or with the Leishmania homologue of receptors of activated C kinases Ag. Only Leishmania homologue of receptors of activated C kinases, but not
whole parasites, induces IL-10 secretion by CD4⫹CD45RA⫺
clones (12).
The differences reported above indicate that various Leishmania
species might react with different lymphocyte subsets in noninfected individuals, which would not be surprising for parasitic protozoa of the genus Leishmania, evolutionary diverse and from
which significant differences in host-parasite interactions have
evolved (35). It is tempting to consider that these slight variations
in the innate reactivity of the host to Ags from different Leishmania species shape, at least in part, the subsequent immune response
and may account for differences in the natural history of the infections induced by these pathogens.
The reactivity of lymphocytes from noninfected individuals
with Ags from Leishmania parasites or other pathogens (i.e., T.
gondii, Plasmodium sp., helminths) (30, 31, 36) has been detected
to date with PBMC obtained from adult individuals. Therefore, it
was considered that they could reflect a mere cross-reactivity of
memory cells with environmental Ag(s) previously encountered by
these individuals during their lives. In the present study, we used
CBMC from human healthy newborns, a source of cells that are
unlikely to have previously encountered microbe Ags, and that
hence provide strong argument that human CD4 T cells have an
innate property to react with parasite Ags. The fact that CBMC did
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FIGURE 10. BV gene segment usage and mean of TCR BV-BC repertoire perturbation in T cells stimulated with MLA, anti-CD3, PHA, PPD, or
SEB. A, TCR BV-BC at day 7 from anti-CD3-, SEB-, and MLA-stimulated
PBMC of three noninfected donors are depicted as the relative percentages
of use compared with control cultures. Results from one representative
individual are shown. B, Alteration of TCR ␤-chain CDR3 length distributions. The mean of TCR BV-BC repertoire perturbation (DBV-BC)
was analyzed at days 3, 5, and 7 in PPD-, CD3-, SEB-, PHA-, and MLAstimulated cells. Data from ex vivo PBMC (day 0) were used as controls
(CT). Results from one representative individual are shown.
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Ags resolved by SDS-PAGE indicate that the biological effects of
MLA are mainly associated with the low molecular mass (molecular mass ⬃20 kDa) fractions.
Our results raise the question of the biological significance of
the natural reactivity to membrane-associated Ags in the context of
host-parasite interactions, and whether this reactivity should be
considered as a host-protective or a parasite-protective response.
On the one hand, IFN-␥ is known to play a central role in Leishmania infection control by activating the leishmanicidal activities
of macrophages and amplifying the protective Th1 responses (44).
In contrast, the concomitant secretion upon MLA stimulation of
IL-10, a well-known macrophage-deactivating cytokine (45– 47),
may indicate that the effect is rather parasite protective. The fact
that MLA also antagonize the secretion by macrophages of the
LPS-induced proinflammatory cytokines IL-1␣ and IL-12 argues
in favor of this view. It is noteworthy that IL-10 secretion by
CD4⫹CD25⫹ regulatory T cells has recently been demonstrated,
in murine experimental leishmaniasis, to play a central role in
maintaining a residual baseline level of parasite infection in macrophages (i.e., avoiding a sterile cure), a requisite for the maintenance of a long-lasting anti-Leishmania immunity (48). One
should note that to exert a significant effect in vivo, the Ag responsible for the biologic properties of MLA should also be expressed by MLA of the amastigote stage, which represents the
major parasite burden during Leishmania infection.
In summary, we present data demonstrating that MLA Ags regularly induce marked T cell proliferation of CBMC and PBMC
derived from noninfected individuals. This MHC-restricted proliferation targets both CD4⫹CD45RA⫹ and CD4⫹CD45RO⫹, but
not NK, NKT, or CD8⫹ lymphocytes; it induces IFN-␥ and IL-10
secretion and appears to be essentially polyclonal and not provoked by a SAg. Experiments are in progress to unravel the cellular requirements of such natural reactivity.
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mainly CD45RO⫹ and not CD45RA⫹ suggests together with
CD45RA or RO depletion experiments that once activated by
MLA, CD45RA⫹ cells may express the CD45RO marker either
stably or transiently.
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