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Abstract
Leishmania braziliensis infections are often associated with exaggerated immune responses that can
sometimes lead to severe disease associated with high levels of IFN-γ and TNF-alpha. To explore
the role played by dendritic cells (DCs) in these responses, we characterized DCs that were exposed
to L. braziliensis. We found that DCs cultured with L. braziliensis parasites upregulated DC activation
markers and produced IL-12 and TNF-alpha. However, not all DCs in the culture became infected,
and an analysis of infected and uninfected DCs demonstrated that the upregulation of activation
markers and IL-12 production was primarily confined to the uninfected (bystander) DCs. Further
studies with transwell chambers and parasite fractions indicated that the activation of bystander DCs
was mediated by a soluble parasite product, in a type 1 IFN and Myd88-independent but TNF-alpha-
dependent fashion, and that the activated DCs were more efficient at presenting antigen than control
DCs. In contrast, L. braziliensis infected DCs failed to upregulate activation markers, but exhibited
a dramatic enhancement in their ability to produce TNF-alpha in response to LPS as compared to
uninfected DCs. These findings uncover a dual role for DCs in L. braziliensis infection: T cell
activation by bystander DCs due to enhanced antigen presenting capacity following exposure to
soluble parasite products, and increased production of TNF-alpha by infected cells that may
contribute to the local control of the parasites but concomitantly induce immunopathology.
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Introduction
Leishmaniasis is caused by several different species of protozoan parasites, and the clinical
manifestations of the infection vary widely depending upon the Leishmania species involved
and the immune response of the host. In all cases, control of the parasites is associated with
the expansion of CD4+ Th1 cells that produce IFN-γ, which promotes destruction of the
parasites within infected cells (1-4). In the case of Leishmania braziliensis infections, however,
an exaggerated Th1 response can lead to a severe immunopathologic form of leishmaniasis,
known as mucosal (ML) disease, characterized predominantly by severe tissue damage in the
nasopharyngeal region and disfiguring facial lesions. The pathogenesis of this infection
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remains poorly understood, although TNF-alpha is thought to play a contributing role in the
tissue damage seen in these patients (5-10). Thus, following stimulation peripheral blood
mononuclear cells (PBMC) from ML patients secrete higher levels of TNF-alpha than those
from individuals with simple cutaneous leishmaniasis (6,7). In addition, combining drug
therapy with pentoxifylline–a drug that down-modulates TNF-alpha production–enhances
resolution of mucosal lesions (8,9).

DCs play a pivotal role in promoting resistance to leishmaniasis, both by activating CD4+ T
cells and promoting their differentitation into Th1 cells by producing IL-12 (11,12). Thus, a
reasonable place to start investigating the pathogenesis of L. braziliensis infections would be
to study the interactions of these parasites with DCs. The response of DCs to infection with
several other Leishmania parasites has been examined, although the results of these studies
have often yielded conflicting results. For example, L. major amastigotes, but not
promastigotes, were reported to activate murine DCs, while activation of human DCs required
an additional stimulation through CD40 (11,13-16). In the case of New World Leishmania
species, some studies have indicated that the parasites activate DCs, while others fail to see
DC activation by the parasites (17-22). Differences in the parasite stage, parasite species or
strain, and source of DCs may explain some of these divergent results. Moreover, most previous
studies did not differentiate between infected DCs within the cultures and those that were
exposed to the parasites but not infected.

In the present study, we investigated whether interactions between DCs and L. braziliensis
might contribute to the pathogenesis of ML. We found that, while DCs infected with L.
braziliensis were not activated, uninfected DCs in the same culture (bystander DCs) were
stimulated by a secreted product from L. braziliensis. This stimulation led to the upregulation
of costimulatory molecules, production of IL-12 and TNF-alpha, and the enhanced ability of
DCs to activate T cells. We found that bystander DC activation was TNF-alpha-dependent but
MyD88 and type 1 IFN-independent. On the other hand, L. braziliensis infected DCs failed to
upregulate DC activation markers, although they produced TNF-alpha. Further studies found
that L. major and L. mexicana also activated bystander DCs, but in contrast to L. braziliensis
these bystander DCs produced much lower levels of TNF-alpha. Taken together, these results
demonstrate that Leishmania parasites can activate bystander DCs, and indicate that one factor
contributing to the development of ML following L. braziliensis infection may be the ability
of these parasites to induce bystander DCs to produce high levels of TNF-alpha.

Material and Methods
Animals

Female wild type C57BL/6 and C3H mice, and C3H type 1 IFN receptor deficient and OTII
transgenic mice were purchased from The Jackson Laboratory (Bar Harbor, ME). MyD88-
deficient mice were kindly provided by Dr. Larry Turka. Animals were maintained in a specific-
pathogen-free environment and tested negative for pathogens in routine screening. All
experiments were conducted following the guidelines of the University of Pennsylvania
institutional animal care and use committee.

Parasites and DC culture
L. braziliensis parasites were isolated from a mucosal leishmaniasis patient from the endemic
area of Corte de Pedra, Brazil and typed by RAPD PCR (23). L. braziliensis, L mexicana
(MNYC/BZ/62/M379) and L. major parasites (MHOM/IL/80/Friedlin) were grown until
stationary phase in Grace’s insect culture medium (Life Technologies, Gaithersburg, MD)
supplemented with 20% heat-inactivated FBS (HyClone Laboratories, Logan, UT), 2 mM L-
glutamine. Soluble Leishmania Ag (SLA) was prepared as previously described (24), tested
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for endotoxin using the Limulus amebocyte lysate test and used at a concentration of 10 μg/
ml. Endotoxin levels were below the level of detection. Anti-TNF-alpha (R&D systems)
monoclonal antibody was used in some cultures in a concentration of 10 μg/ml. LPS was used
at a concentration of 10 ng/ml. Bone marrow-derived dendritic cells (DC) were cultured as
previously described (25). Briefly, bone marrow DC precursors were differentiated for 8–10
days in the presence of 20 ng/ml GM-CSF in RPMI 1640 containing 10% FBS, 100 U/ml
penicillin/streptavidin, 0.05 mM 2-ME, and 2 mM L-glutamine. On days 8–10 of culture, DCs
were harvest and infected with stationary phase promastigotes at different parasite:DC ratios.
After 2 hours, cells were washed twice to eliminate extracellular parasites, and incubated for
18 hours at 37°C. For the transwell experiments, DCs (1 million) were placed on one side of
the chamber and Leishmania (1, 2 or 5 million) were placed on the other side. After an
incubation period of 18 hours at 37°C, DCs were harvested and analyzed by flow cytometry
as described below. For these experiments, we used 0.4μm pore size filters (Corning, NY) to
impair the ability of parasites to infect DCs but allow the passage of soluble factors through
the pores.

CFSE labeling of parasites and flow cytometric analysis of DCs
Parasite labeling with CFSE (Invitrogen) was performed as previously described (26). Briefly,
parasites were washed twice in PBS and resuspended at 5 × 107/mL in 1 mL of PBS, with 5mM
of CFSE, and incubated at 37°C for 10 minutes in the dark. Parasites were then washed in 10
mL of PBS, 10% fetal bovine serum and resuspended in RPMI. For flow cytometry, DCs were
harvested, stained with fluorochrome-conjugated antibodies for surface markers (CD11c,
CD80, CD86, class II (e-Bioscience)) and fixed by using 2% formaldehyde. For intracellular
staining, the fixed cells were permeabilized with a solution of saponin and stained for 30 min
at 4°C using fluorochrome-conjugated antibodies against IL-12 p40, TNF-alpha or isotype
control antibodies.

Samples were acquired on a FACSCalibur flow cytometer (BD Pharmingen), and analysis was
performed using FlowJo software (Tree Star). Analysis gates were based live cells, and in some
cases live CD11c+ cells, as indicated in the figure legends.

DC and T cell co-culture and proliferation assays
Naive OTII CD4+ T cells were isolated by negative depletion using MACS columns, labeled
with CFSE as previously described (27), and then cultured with DCs that had been pulsed
overnight with OVA (100 μg/ml) or OVA plus SLA (10 μg/ml), at a ratio of 10 CD4+ cells/
DC. Cells were cultured at 37°C for 4 days and then collected and stained for CD4. CFSE
dilution was assessed by flow cytometry as described above. For the transwell experiments,
immune cells were obtained from the spleens of infected C57BL/6 mice (1 million parasites/
footpad) for 20 weeks. Immune CD4+ T cells were isolated by negative depletion and cultured
with DCs that had been exposed overnight to parasite secreted products in 0.4 μm pore size
transwells (Corning, NY) at a ratio of 10 CD4+ cells/DC. After 4 days, supernatants were
harvested and IL-2 and IFN-gamma concentrations were measured by sandwich ELISAs as
previously described (28).

Statistics
Statistical analysis was performed using a two-tailed Student’s t test. Differences were
considered significant at p< 0.05.
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Results
L. braziliensis parasites infect and activate DCs

We first examined whether L. braziliensis parasites could infect and survive within murine
DCs. Bone-marrow derived DCs were cultured with L. braziliensis promastigotes and after 2
hours we observed (by optical microscopy) that approximately 70% of the DCs were infected.
The percentage of infected DCs remained the same over 96 hours, while the number of parasites
per DC increased (Fig. 1A). These results indicate that L. braziliensis parasites are able to infect
and multiply within murine DCs. We next examined the activation status of the DCs that were
cultured with L. braziliensis, by analyzing the expression of DC activation markers (class II,
CD80 and CD86) and the production of proinflammatory cytokines (IL-12 and TNF-alpha).
We observed a slight upregulation of class II and CD86 on DCs taken from cultures infected
with L. braziliensis (Fig. 1B). Moreover, there was increase in the frequency of IL-12 and in
TNF-alpha producing DCs in cultures infected with L. braziliensis (Fig. 1C).

Bystander DCs, but not infected DCs, upregulate class II and costimulatory molecules
As not all of the DCs were infected with L. braziliensis, we next wanted to focus specifically
on those DCs that were infected. Therefore, we infected DCs with parasites that had been
labeled with CFSE, which allowed us to analyze DC activation in both infected (CFSE bright)
and bystander (CFSE dim) DC populations within the same culture (Fig. 2, A and B).
Surprisingly, slightly lower expression of class II and CD86 was observed in infected DCs
when compared to DCs from control cultures that were not exposed to parasites (Fig. 2, A and
B). On the other hand, uninfected bystander DCs expressed higher levels of class II, CD80 and
CD86. Furthermore, when the ability of infected and bystander DCs to produce IL-12 was
tested, it was the bystander DC population that contained cells positive for IL-12, while TNF-
alpha producing cells were observed in both the infected and bystander populations (Fig.
2C). Part of the difference seen in activation markers between infected cells and control DCs
may be due to preferential infection by the parasites of slightly more immature DCs, which
would be consistent with decreased phagocytosis by activated DCs (29, 30). To see whether
the activation of bystander cells was related to infected cell frequency within a culture, a dose
response curve was performed where DCs were exposed to different numbers of parasites. The
ability of bystander DCs to upregulate class II, CD86 and produce TNF-alpha was found to be
related to the frequency of infected cells within the cultures (Fig. 2D and E).

L. braziliensis secretes a molecule that activates DCs and enhances their antigen-presenting
capability

The activation of the bystander DCs that we observed could be due to the secretion of a factor
from the infected DCs, or due to a parasite molecule present in the culture. To differentiate
between these possibilities we used transwell chambers, where uninfected DCs could be
separated from parasites by a membrane that allowed passage of soluble molecules but not the
parasites. When DCs were cultured in a transwell chamber without parasites, we saw no DC
activation. However, the presence of L. braziliensis parasites in the chamber separated from
the DCs by a membrane led to increased expression of activation markers and the production
of IL-12 and TNF-alpha (Fig. 3, A and B). In order to determine if the bystander DCs were
activated by other species of Leishmania, we performed transwell assays with L. major and L.
mexicana. We found that similar to L. braziliensis, DCs exposed to L. major and L.
mexicana exhibited an increase in activation markers (Fig. 3C). However, when we examined
TNF-alpha production we found that neither L. major nor L. mexicana stimulated bystander
DCs to produce detectable levels of TNF-alpha (Fig 3D). The ability of secreted products from
the parasites to activate DCs was decreased as the number of parasites added to the transwell
was decreased (Fig. 3E). These results suggest that a soluble parasite factor can activate DCs
in the absence of any infection. To confirm this result we made a soluble fraction of L.
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braziliensis (SLA) and tested its ability to activate DCs. As seen in Fig. 3F L. braziliensis SLA
induced upregulation of class II and CD86.

We next asked if the bystander DCs had taken up leishmanial antigens and could stimulate T
cells. To test this, we assayed the ability of DCs exposed to L. braziliensis through the transwell
membrane to activate T cells from Leishmania-immune mice. DCs were cultured in a transwell
chamber with or without L. braziliensis parasites in the other compartment. After 18 hours,
CD4 T cells from immune (infected for 20 weeks) or naïve mice were added and 4 days later
the production of IL-2 and IFN-γ was assessed. DCs not exposed to parasites failed to stimulate
the immune cells to produced IL-2 or IFN-γ (Fig. 4A), and naïve T cells failed to respond (data
not shown). In contrast, there was a significant increase in the production of IL-2 and IFN-γ
by immune CD4 T cells added to DCs that were cultured in a transwell with L. braziliensis
(Fig. 4A).

In order to determine if the bystander DCs activated by L. braziliensis exhibited an increased
capacity to present antigen compared with DCs that were not exposed to the parasites, we tested
the ability of these two populations to present antigen to T cells. CFSE labeled TCR transgenic
OTII T cells, which recognize ovalbumin (OVA), were cultured with OVA pulsed DCs or
OVA pulsed DCs that had been exposed to a soluble fraction of L. braziliensis (SLA). After 4
days in culture the proliferation of the OTII cells was assessed by flow cytometry. As expected,
we found that DCs exposed to OVA stimulated a significant increase in the proliferation of
OTII cells. However, DCs that were exposed to OVA and SLA stimulated significantly better
T cell proliferation (Fig. 4B).

Infected DCs make high levels of TNF-alpha
Leishmania infection of macrophages has been associated with a loss of the ability of the
infected cells to respond to other activating agents, such as TLR ligands. Therefore, we wanted
to know if L. braziliensis infected DCs were able to respond to LPS. To test this, we infected
DCs with CFSE labeled parasites for 2 hours, and then pulsed some of the cultures with LPS
for 6 hours. We found that infected DCs were not able to upregulate class II, CD80 or CD86
in response to LPS (Fig. 5A). Bystander DCs, which already expressed higher levels of class
II, CD80 and CD86, did not further upregulate these molecules in response to LPS. There was
an LPS-induced increase in IL-12 production by infected DCs, although this increase was
substantially less than that observed by uninfected DCs (Fig. 5B). On the other hand, there was
a dramatic increase in the ability of infected DCs to produce TNF-alpha in response to LPS.
While 30% of the bystander DCs produced TNF-alpha, over 90% of the infected DCs did so
after LPS stimulation (Fig. 5B). These results demonstrate that while infected DCs may fail to
increase the expression of activation markers, they not only can make TNF-alpha, but make
more TNF-alpha than bystander DCs following exposure to a TLR ligand.

In order to study the mechanism by which Leishmania secreted products activate bystander
DCs, we investigated the role of MyD88 and type 1 IFN by using MyD88-/- and type 1 IFN-
receptor deficient DCs in transwell experiments, as described above. We found that activation
proceeded independently of Myd88 and type 1 IFN (Fig 6A and B). Since the data above show
that both bystander and infected DCs produce TNF-alpha and TNF-alpha is known to induce
upregulation of class II, CD80 and CD86 (31, 32), we next evaluated whether TNF-alpha plays
a role in bystander DC activation. By blocking TNF-alpha activity with anti-TNF-alpha
monoclonal antibody, we found that the upregulation of class II, CD80 and CD86 on bystander
DCs was prevented (Fig 6C). Thus, while neither Myd88 nor type 1 IFN is required for
bystander DC activation, both infected and bystander DCs produce TNF-alpha that is essential
for activation of the bystander DCs.
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Discussion
The activation state of DCs can be distinguished based on the expression of class II, co-
stimulatory molecules, as well as cytokine production (33). Prior to infection, DCs survey the
tissues and the lymphoid organs as ‘immature’ cells. However, when exposed to pathogens,
DCs upregulate expression of surface markers associated with antigen presentation–such as
class II, CD80 and CD86–and produce proinflammatory cytokines–such as IL-12 and TNF. In
leishmaniasis, DCs not only play a key role in the development of a protective immune response
to Leishmania, but also act as a host cell for the parasites. This dual role means that DCs will
need to be activated to initiate the immune response, but at the same time the parasites will
presumably want to inhibit activation to promote parasite survival. Many studies have
examined the response of DCs to Leishmania parasites, but the use of different parasite species
and life-cycle stages, as well as different sources of DCs, has led to a wide range of results
(11,17-21,34-37). In addition, most of these studies examined DC activation in cultures that
contained both infected and uninfected DCs. Here, we monitored the response of infected
versus bystander DCs, and found that while infected DCs appear immature, bystander DCs
upregulate class II, CD80 and CD86 expression and secrete IL-12 and TNF-alpha. Our data
suggest that infected DCs are relatively immature, and in other contexts these semi-mature
DCs have been reported to be more likely to induce tolerance, than promote an immune
response (33). Thus, it is likely that the bystander DCs may be more important for the initial
T cell response, which is consistent with our finding that the bystander DCs were capable of
stimulating T cell responses. We also found that bystander DC activation was not unique to
L. braziliensis, and was observed with L. major and L. mexicana, although bystander DCs
exposed to L. braziliensis made significantly more TNF-alpha. Consistent with these results,
non-infected DCs appear to mature in vivo following infection and present leishmanial antigens
(21,38,39). Taken together, these data indicate infected and bystander DCs play distinct roles
in leishmaniasis.

Leishmania is known to inhibit several macrophage functions, such as activation, cytokine
release and antigen presentation (17,40-43). For instance, down-regulation of class II
expression and the inability to produce IL-12 has been observed in several studies (16,
43-45). Also, TLR-induced up-regulation of co-stimulatory molecules, as well as TNF-alpha
and IL-12 production, was impaired in L. major, L. chagasi, L. donovani and L. mexicana-
infected macrophages, and in the case of L. mexicana, disruption of NF-κB signaling was
observed (44,46-48). Less well understood are the interactions between Leishmania and DCs.
While some studies documented impairment in DC function, others found increased DC
activation, IL-12 production and NF-κB signaling after Leishmania infection (11,15,18,19,
21,36,37). We found not only that infected DCs remain immature after Leishmania infection,
but that they are also impaired in the upregulation of class II, costimulatory molecules and
IL-12 after stimulation by LPS. Our results show that infected and bystander DCs respond
differently to infection, indicating that understanding the response of DCs to Leishmania
requires analyzing both infected and non-infected cells within a culture. Some of the conflicting
results addressing the question of whether DCs are activated by Leishmania may be due to the
fact that the impact of Leishmania on DC activation is often assessed on populations that
contain both infected and uninfected cells. Here we show that infected DCs are less responsive
to the TLR-ligand LPS as measured by their ability to up-regulate expression of class II, CD80,
CD86 and IL-12, but remain responsive as assessed by their ability to produce high levels of
TNF-alpha upon LPS stimulation. In another study it was shown that concomitant activation
with LPS and IFN-gamma may overcome this inhibition, although even under these conditions,
fewer infected cells made IL-12 when compared with DCs from uninfected cultures (22).

Of particular interest is the increased percentage of TNF-alpha producing cells within the L.
braziliensis infected DC population. TNF-alpha is a key cytokine mediating T cell-mediated
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inflammation. It is involved in leukocyte recruitment by increasing expression of adhesion
molecules on vascular endothelium and increasing angiogenesis (49,50). Although TNF-alpha
promotes increased macrophage activation, and contributes to control of Leishmania parasites,
deleterious consequences of excessive TNF-alpha production have been reported in many
conditions, such as rheumatoid arthritis or psoriasis (51-55). In humans, TNF-alpha plays an
important role in the pathogenesis of mucosal and cutaneous leishmaniasis due to L.
braziliensis infection (6,7). The high levels of TNF-alpha and IFN-gamma secreted by
mononuclear cells from these patients is positively correlated with lesion size (56) and the use
of drugs that down modulate production of TNF-alpha in combination with antimony increases
the rate of healing and allows the cure of refractory cases of mucosal and cutaneous disease
(8,9). While monocytes, CD4+ and CD8+ T cells are known to contribute to TNF-alpha
production in patients with mucosal leishmaniasis (6), the role of DCs in this process has not
been explored. Our data show that both bystander and infected DCs are another source of TNF-
alpha following infection with L. braziliensis. Future studies with DCs from both patients and
uninfected individuals will be required to extend these studies to human leishmaniasis.

DCs can be activated by several pathways, including MyD88-dependent TLR signaling and
via type 1 IFN- and TNF-alpha-stimulated pathways (31-33,57). The adaptor molecule MyD88
is required for resistance to Leishmania, and type 1 IFN has been shown to upregulate
expression of nitric oxide synthase in vivo and ameliorate cutaneous leishmaniasis lesions
(21,58,59). Therefore, we tested whether MyD88 and type 1 IFN would mediate DC activation
by Leishmania secreted products. We found that while MyD88 and type 1 IFN are not involved
in bystander DC activation, products secreted from the parasites induce TNF-alpha production,
and in an autocrine manner TNF-alpha induces up-regulation of class II and costimulatory
molecules on bystander DCs. DCs activated by TNF-alpha have been reported to gain a semi-
mature phenotype, characterized by upregulation of class II and costimulatory molecules, but
a failure to make proinflammatory cytokines (33). These DCs have been thought to be
tolerogenic rather than inflammatory. However, in our studies bystander DCs not only
upregulate class II and costimulatory molecules, but also produce TNF-alpha and IL-12.
Moreover, they are able to process and present Leishmania antigens to CD4 T cells. We
hypothesize that the differences between the semi-mature tolerogenic DCs induced by TNF-
alpha alone and the DCs activated by Leishmania secreted products might be due to additional
signals induced by the parasite. Interestingly, while the bystander DCs respond to TNF-alpha,
Leishmania infected DCs were inhibited in their ability to respond. Why this is the case is
unknown, although the inability of Leishmania infected-cells to respond to other signals (such
as LPS) has been described before. For example, NF-κB signaling is compromised in
Leishmania-infected macrophages and since TNF-alpha-mediated DC activation is dependent
on NF-κB, this is one possible mechanism that could be involved (48).

Finally, the parasite molecule(s) that activates bystander DCs is unknown. The most well-
described Leishmania surface molecule is a lipophosphoglycan (LPG), which covers the
surface of the parasite and can be released (60,61). Many functions have been ascribed to LPG,
both within the sandfly and the mammalian host (62,63). Specifically, LPG can activate DCs
by binding to TLR2, although LPG has also been reported to inhibit activation (64,65).
However, since the products secreted by Leishmania activate DCs in a MyD88-independent
fashion, it may be unlikely that LPG would be involved in the bystander DC activation process.
Similarly, another TLR ligand known to contribute to the activation of DCs is Leishmania
DNA (58,66). However, Leishmania DNA activates DCs by binding to TLR9 and as this
process is also dependent on MyD88, we can rule out the possibility that DNA is involved in
the bystander DC activation that we are observing. Thus, further studies will be required to
define the parasite products that can stimulate bystander DCs.
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Our findings show a dual role for DCs following infection with L. braziliensis. While infected
DCs remain immature and secrete TNF-alpha, bystander DCs respond to parasites factors by
producing TNF-alpha, which in turn upregulates class II and co-stimulatory molecules. These
bystander DCs also produce IL-12, and thus are able to present antigen to CD4+ T cells and
promote the generation of CD4+ Th1 cells. On the other hand, the inability of infected DCs to
upregulate costimulatory molecules or produce IL-12 suggests that these cells are not efficient
at antigen presentation. However, these DCs produced high levels of TNF-alpha, and at the
same time provide a site for the parasites to survive, suggesting that they may promote increased
immunopathology. Future studies are ongoing to characterize the mechanisms by which L.
braziliensis modulates DC function, as well as identification of Leishmania products involved
in DC activation. A better understanding of how Leishmania parasites inhibit DC activation
will be useful in the design of new immunotherapies for leishmaniasis.
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Figure 1. Infection and activation of DCs by L. braziliensis
DCs from B6 mice were infected with L. braziliensis (5:1 parasites:DC ratio) for 2 hours,
washed and cells were then incubated for the period of time indicated. A, Percentage of infected
cells (A, left panel) and number of parasites /100 DCs (A, right panel) assessed by optical
microscopy (representative of 2 experiments). Each data point represents the mean +/- SD.
B, DC activation status (class II, CD80 and CD86) 18 hours post infection with L.
braziliensis assessed by flow cytometry. Histograms are gated on CD11c+ cells. C, IL-12
(upper panel) and TNF-alpha (lower panel) production 18 hours post infection with L.
braziliensis. Cytokines gates were determined by isotype controls and the numbers represents
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the frequency of positive cells within the CD11c+ population. Results are from one experiment
and representative of three independent experiments.
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Figure 2. Bystander DCs are activated by L. braziliensis
DCs were infected with CFSE-labeled L. braziliensis and cultured for 18 hours. A, Percentage
of infected (CFSE bright) and uninfected (bystander) (CFSE dim) DCs 18 hours after infection
at a ratio of 5:1 parasites/DC. B, DC activation status (class II, CD80 and CD86) in infected
DCs (upper panel) and bystander DCs (lower panel). Histograms are gated on CD11c+ cells.
C, Pro-inflammatory cytokine production by infected (CFSE bright) and bystander (CFSE dim)
cells at 18 hours. Numbers in C represent percentage of cells positive for IL-12 and TNF-alpha
within the bystander and infected population. Dot plots are gated on CD11c+ population. D
and E, Influence of altering the parasite:DC ratio on TNF-alpha production (D) and class II
and CD86 expression (E). DCs were infected in at 5:1, 2:1 and 1:1 (parasite:DCs) for 2 hours,
washed and cells were then incubated for 18 hours. TNF-alpha, class II and CD86 expression
was assessed by flow cytometry. Numbers in D represent the percentage of cells positive for
TNF-alpha within the bystander and infected population. Dot plots and histograms are gated
on CD11c+ populations. Data are from one experiment and representative of six independent
experiments.
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Figure 3. L. braziliensis secreted products activate DCs
A, L. braziliensis promastigotes (5 million) were placed in the bottom and DCs (1 million) in
the top of a transwell and cultured for 18 hours. Class II, CD80 and CD86 expression (assessed
by flow cytometry) in cells not exposed to parasites (gray solid) and cells exposed to L.
braziliensis (black line). Histograms are gated on the CD11c+ population. B, Frequency of
IL-12 and TNF-alpha positive cells (incubation as in A). Numbers in B represent percentages
of cells in each quadrant. Plots are gated on CD11c+ cells. C and D, L. major, L. mexicana or
L. braziliensis (5 million) parasites were placed in the bottom and DCs (1 million) in the top
of transwell chambers and cultured for 18 hours. C, Class II, CD80 and CD86 expression
(assessed by flow cytometry) in cells not exposed to parasites (gray solid) and cells exposed
to L. major and L. mexicana (black line). Histograms are gated on CD11c+ cells. D, Frequency
of TNF-alpha positive DCs after 18 hours exposure to parasite products in transwell chambers.
Plots are gated on a live cell gate. E, Influence of parasite:DC ratio on class II, CD80 and CD86
expression in transwell experiments. Transwell experiments were performed as in A with
parasite:DC ratio of 5:1, 2:1 or 1:1. After 18 hours incubation, class II, CD80 and CD86
expression levels were assessed by flow cytometry. Histograms are gated on the CD11c+
population. F, DCs were incubated with soluble Leishmania antigen (SLA) at 10 μg/ml and
class II and CD86 expression was assessed by flow cytometry after 18 hours incubation.
Histograms are gated on the CD11c+population. Data are from one experiment and
representative of five independent experiments.
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Figure 4. DCs exposed to L. braziliensis secreted products are better antigen presenting cells
A, DCs (1 million) exposed to L. braziliensis (5 million) secreted products in transwells for 18
hours, were cultured together with immune CD4+ T cells at a ratio of 10 CD4+ T cells to 1
DC. After 4 days, the levels of IL-2 and IFN-gamma in the supernatants were measured by
ELISA. B, DCs (1 million) were pulsed with OVA (100 μg/ml) in the presence or absence of
SLA (10 μg/ml) and incubated for 18 hours. CFSE labeled CD4+ OTII cells were then cultured
together with DCs at a ratio of 10 CD4+ T cells to 1 DC. After 4 days the percentage of cells
that diluted CFSE was determined by flow cytometry. Numbers represent percentages of
CFSE-dim cells. Histograms are gated on CD4+ populations. Data are from one experiment
and representative of three independent experiments.
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Figure 5. Infected DCs retain immature characteristics after stimulation with LPS, but produce
high amounts of TNF-alpha
DCs were infected with L. braziliensis (5:1 parasite:DC ratio) for 2 hours and pulsed with LPS
for 6 hours. A, class II, CD80 and CD86 expression (assessed by flow cytometry) in infected
DCs and infected DCs plus LPS (top panel), bystander DCs and bystander DCs plus LPS
(middle panel) and DCs alone (not exposed to Leishmania) and DCs plus LPS (lower panel).
Numbers in A represent the percentage of cells in each quadrant. Dot plots were gated on live
cells and histograms were gated in the CD11c+ cell population. B, IL-12 and TNF-alpha
production (assessed by flow cytometry) in infected (CFSE bright) versus bystander (CFSE
dim) DCs in the presence or absence of LPS. Infection and incubation as in A. Numbers in B
represent the percentage of cells positive for IL-12 or TNF-alpha within the bystander and
infected population. Dot plots are gated on the CD11c+ population. Data are from one
experiment and representative of four independent experiments.
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Figure 6. DC activation by L. braziliensis secreted products is TNF-alpha-dependent, but MyD88-
and Type 1 IFN-independent
L. braziliensis parasites (5 million) were placed in the bottom and MyD88-/- (A), type 1 IFN
receptor-/- (B) and WT C57BL/6 (C) DCs (1 million) in the top chambers of a transwell plate,
and after 18 hours class II, CD80 and CD86 expression was assessed by flow cytometry. Anti-
TNF-alpha monoclonal antibody (10 μg/ml) or isotype control were used (C). Histograms are
gated on the CD11c+ population. Data are from one experiment and representative of five
independent experiments.
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