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The term leishmaniasis encompasses a complex of 
diseases characterised by clinical and epidemiological 
diversity. These diseases are broadly classified as tegu-
mentary (affecting the skin, the facial mucosa or both) or 
visceral (a potentially fatal infection affecting lymphoid 
organs, such as the spleen, liver, bone marrow and lymph 
nodes) (Murray et al. 2005). These diseases are caused by 
protozoan parasites of the genus Leishmania, which have 
a life cycle with two stages: promastigote and amastigote. 
The flagellated, mobile promastigotes colonise the gut of 
the sandfly, where they undergo a process called metacy-
clogenesis (Sacks 1989). The infective metacyclic forms 
migrate to the foregut and from there into the proboscis of 
the insect. These metacyclic promastigotes are transmit-
ted to the mammalian host by the bite of the insect and 
are taken up by mononuclear phagocytic cells. There, they 
transform into intracellular amastigotes, which multiply 
inside phagolysosomes, eventually lysing the cell to in-
vade other mononuclear cells (Kane & Mosser 2000).

Leishmania amazonensis is a causative agent of New 
World cutaneous leishmaniasis. L. amazonensis infec-
tion leads to a spectrum of clinical presentations rang-
ing from a single cutaneous lesion to diffuse cutaneous 
leishmaniasis, a clinical form that is usually refractory 
to treatment and is associated with the absence of Leish-
mania-antigen-specific cell-mediated immune responses 
(Convit et al. 1993). There is evidence that L. amazonen-
sis is able to suppress the potentially effective immune 
responses of the host (Silveira et al. 2004) and that inter-
leukin (IL)-10 contributes, at least in part, to the com-
promised parasite-specific immunity in L. amazonensis-
infected hosts (Jones et al. 2002, Ji et al. 2003). 

IL-10 is a cytokine produced by T cells, B cells, mac-
rophages/monocytes and keratinocytes and it has broad 
anti-inflammatory properties. IL-10 can inhibit the syn-
thesis of proinflammatory cytokines and chemokines as 
well as the production of nitric oxide (NO), superoxide 
anions and hydrogen peroxide (Spits & de Waal Malefyt 
1992, Opal et al. 1998, Moore et al. 2001), limiting the 
ability of macrophages to kill intracellular organisms (Frei 
et al. 1993, Reed et al. 1994, Murray et al. 1997, Kane & 
Mosser 2001). NO is considered to be the principal effector 
molecule that mediates the intracellular killing of Leish-
mania amastigotes. Thus, the production of NO is criti-
cal for the control of Leishmania infection (Green et al. 
1990, Soong et al. 1996). Some pathogens that infect mac-
rophages, including Leishmania, induce IL-10 production 
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In Leishmania amazonensis, kinetoplastid membrane protein-11 (KMP-11) expression increases during meta-
cyclogenesis and is higher in amastigotes than in promastigotes, suggesting a role for this protein in the infection 
of the mammalian host. We show that the addition of KMP-11 exacerbates L. amazonensis infection in peritoneal 
macrophages from BALB/c mice by increasing interleukin (IL)-10 secretion and arginase activity while reducing 
nitric oxide (NO) production. The doses of KMP-11, the IL-10 levels and the intracellular amastigote loads were 
strongly, positively and significantly correlated. The increase in parasite load induced by KMP-11 was inhibited by 
anti-KMP-11 or anti-IL-10 neutralising antibodies, but not by isotype controls. The neutralising antibodies, but not 
the isotype controls, were also able to significantly decrease the parasite load in macrophages cultured without the 
addition of KMP-11, demonstrating that KMP-11-induced exacerbation of the infection is not dependent on the addi-
tion of exogenous KMP-11 and that the protein naturally expressed by the parasite is able to promote it. In this study, 
the exacerbating effect of KMP-11 on macrophage infection with Leishmania is for the first time demonstrated, im-
plicating it as a virulence factor in L. amazonensis. The stimulation of IL-10 production and arginase activity and 
the inhibition of NO synthesis are likely involved in this effect. 
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as an immunosuppressive strategy for survival and repli-
cation (Belkaid et al. 2001, Redpath et al. 2001). IL-10 also 
induces the synthesis of arginase in murine macrophages 
(Iniesta et al. 2002). This enzyme catalyzes the synthesis 
of L-ornithine, which can be used by Leishmania to gener-
ate polyamines, essential growth factors for this parasite, 
leading to increased numbers of intracellular amastigotes 
(Iniesta et al. 2002, Kropf et al. 2005).

Kinetoplastid membrane protein-11 (KMP-11), a 
molecule that is present in all kinetoplastid protozoa 
(Stebeck et al. 1995), is a potent inducer of IL-10 pro-
duction in peripheral blood mononuclear cells from pa-
tients with cutaneous leishmaniasis and it is also able to 
inhibit the interferon-γ response of these cells to soluble 
Leishmania antigen stimulation (de Carvalho et al. 2003, 
Carvalho et al. 2005). Interestingly, it has been sug-
gested that KMP-11 may play a role in the infectivity of 
Leishmania donovani promastigotes because the expres-
sion of this protein decreases in parallel with the loss of 
virulence associated with the repetition of subcultures 
(Mukhopadhyay et al. 1998). 

These observations prompted us to investigate the ef-
fects of KMP-11 on the infection of murine macrophages 
with L. amazonensis. Our hypothesis was that KMP-11 
would stimulate autocrine IL-10 secretion and increase 
parasite load. 

MAterIALS AND MethoDS

Mice - Female BALB/c mice, six-eight weeks old, 
were bred at the animal facilities of Oswaldo Cruz Foun-
dation (Fiocruz), Brazilian Ministry of Health (MS). 
All mice were maintained under specific pathogen-free 
conditions. This research protocol was approved by the 
Ethical Committee for Animal Use of Fiocruz/MS (li-
cense L-0012/07). 

Parasites - L. amazonensis (MHOM/BR/77/LTB0016) 
promastigotes provided by the Leishmania Collection of 
Fiocruz were grown at 25ºC in Schneider’s Drosophila me-
dium (Sigma, St. Louis, USA) (pH 7.2) supplemented with  
10% heat-inactivated foetal bovine serum (Invitrogen/
Gibco, Carlsbad, USA), 100 IU of penicillin, 100 µg/mL  
of streptomycin and 1.5 mM L-glutamine (all from Sigma). 

Recombinant L. amazonensis KMP-11 - Recombinant 
L. amazonensis KMP-11 was produced as described by 
Matos et al. (2010). The purified protein was analysed 
by 12.5% sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) and silver-nitrate staining, 
which indicated the absence of protein contaminants and 
the protein was identified with an anti-KMP-11 mono-
clonal antibody (Cedarlane, Burlington, Canada) with 
Western blot analysis. The N-terminal sequence of L. 
amazonensis KMP-11 was determined by direct amino 
acid sequencing (12 residues) using a Shimadzu Protein 
Sequencer (Model PSQ-1) equipped with an online phe-
nylthiohydantoin amino acid analyser, as previously de-
scribed (De-Simone et al. 2005), to confirm the identity 
of the protein. The levels of bacterial lipopolysaccharide 
(LPS) contamination in the recombinant protein prepa-
ration were determined using the Limulus amoebocyte 
lysate (LAL) test (BioWhittaker, Walkersville, USA) ac-
cording to the manufacturer’s recommendations. An LPS 

contamination of 0.13 µg/mg of protein was detected in 
the KMP-11 preparation. Before use in the experiments, 
LPS in the KMP-11 samples was removed using a poly-
myxin B-agarose column (Pierce Biotechnology, Rock-
ford, USA) according to the manufacturer's instructions. 
After this procedure, no LPS contamination was detected 
by the LAL assay in the recombinant protein samples. 
The L. amazonensis KMP-11 preparation was adjusted to 
1 mg/mL in PBS, aliquoted and stored at -70ºC until use. 

Peritoneal macrophage cultures - Resident perito-
neal macrophages were obtained from BALB/c mice by 
peritoneal washing with 5 mL of ice-cold, serum-free 
complete medium (RMPI-1640 medium supplemented 
with 1.5 mM L-glutamine, 10 mM HEPES, 100 IU/
mL penicillin, 100 µg/mL streptomycin, 5 x 10-5 M 
β-mercaptoethanol and 1 mM sodium pyruvate) (all re-
agents purchased from Sigma). The cells were seeded on 
eight-well Lab-Tek chamber slides (Nalge Nunc Inter-
national, Rochester, USA) at 4 x 105 cells in 400 µL per 
well and allowed to adhere for 4 h at 37ºC in 5% CO2. 
Non-adherent cells were then removed by washing with 
complete medium at 37ºC. Cultures were kept overnight 
at 37ºC, 5% CO2, until the infection. 

Infection of macrophages and incubation with KMP-
11 - Macrophage monolayers were infected with station-
ary-phase L. amazonensis promastigotes at a parasite to 
macrophage ratio of 1:1 at 32ºC without or with KMP-11 
(10 µg/mL) added 4 h after the addition of the parasites to 
the cultures. Immediately before the addition of the pro-
tein, the supernatants were harvested to remove extra-
cellular parasites and the culture medium was replaced. 
These conditions were defined in preliminary kinetics 
and dose-response experiments, in which different doses 
of KMP-11, multiple parasite-to-macrophage ratios and 
various time points for the addition of KMP-11 were 
compared (data not shown).

Determination of intracellular parasite load and mac-
rophage infection rate - Forty-eight hours after the addition 
of promastigotes, macrophage monolayers were washed 
twice in PBS, fixed with 100% methanol and stained with 
Giemsa. Intracellular parasite loads were assessed micro-
scopically (100X, Axioskop, Carl Zeiss, Göttingen, Ger-
many). At least 100 cells per Lab-Tek well were counted 
to determine the number of intracellular parasites and the 
percentage of infected macrophages (infection rate).

Measurement of IL-10 production - L. amazonensis-
infected macrophages were treated or not with different 
doses of KMP-11 (0.5, 1, 5 or 10 µg/mL) 4 h after infection 
and the supernatants were harvested after 48 h of incuba-
tion. IL-10 levels were quantified by sandwich ELISA us-
ing a commercial kit (BD Biosciences Pharmingen, San 
Diego, USA) according to the manufacturer’s instruc-
tions. For detection, streptavidin-alkaline phosphatase 
conjugate was used and the colour was developed with p-
nitrophenyl-phosphate (both from Zymed Laboratories, 
San Francisco, USA). The developed colour in the wells 
was measured at a wavelength of 450 nm using the VER-
SAMax Microplate ELISA Reader (Molecular Devices, 
Sunnyvale, USA). Data were calculated in pg/mL and the 
standard curve range was 30-4000 pg/mL.
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Treatment with neutralising antibodies - KMP-11 (10 
µg/mL) was added to macrophage monolayers 4 h after 
infection with L. amazonensis with or without the simul-
taneous addition of 10 µg/mL of a neutralising anti-IL-10 
monoclonal antibody (Stem RD, San Francisco, USA) or 
the same amount of an anti-KMP-11 monoclonal anti-
body (Cedarlane) or their isotype controls from the same 
manufacturers. All antibodies were mouse IgG1. Similar 
conditions of antibody treatment were also employed in 
macrophage monolayers without the addition of KMP-11.

Electrophoresis and immunoblotting - Supernatant 
proteins were obtained from macrophage cultures in-
fected or not with L. amazonensis, as described above. 
The proteins were precipitated with 17% (v/v) trichlo-
roacetic acid, washed with cold acetone and dissolved in 
a buffer containing 8 M urea and 2% CHAPS. Protein 
concentration was determined using the RC DC Kit (Bio-
Rad, Hercules, USA). Identical amounts of supernatant 
proteins (20 µg) were loaded in each lane and resolved 
by 15% SDS-PAGE. Two micrograms of recombinant 
KMP-11 were loaded in parallel as a control and the gel 
was stained with Coomassie Brilliant Blue R-250. Pro-
teins resolved in a replica gel were transferred to a nitro- 
cellulose membrane (Hybond-CTM GE Healthcare) for 1 h  
at 100 V at 4ºC with a Mini-TransBlot apparatus (Bio-
Rad) and stained with a MemCode™ Reversible Protein 
Stain Kit (Pierce) for visualisation and subsequent quan-
titative analysis. The membrane was blocked overnight 
in 5% non-fat milk in TBS, washed and incubated for 2 h  
with a mouse IgG1 anti-KMP-11 monoclonal antibody 
(1:3000 dilution) (Cedarlane). After washing, the mem-
brane was incubated for 1 h with anti-mouse IgG HRP-
conjugated antibody (Pierce; 1:10000 dilution) followed 
by chemiluminescent detection using a Super Signal 
West Pico Kit (Pierce). The images were documented us-
ing a GS-800TM auto-calibrating imaging densitometer 
(Bio-Rad) and the relative molecular weights and inten-
sities of the detected bands were analysed with Quantity 
One software version 4 (Bio-Rad).

Nitrite assay - Forty-eight hours after infection, su-
pernatants were collected from the macrophage cultures. 
Nitrite, a stable oxidation product of NO, was measured 
colourimetrically after adding Griess reagent [0.1% N-(1-
naphthyl)ethylenediamine in 5% phosphoric acid and 1% 
sulphanilamide] in the same volume as the collected su-
pernatants. After 10-15 min at room temperature (RT), the 
absorbance of the chromophore was measured at 540 nm 
using a VERSAMax Microplate ELISA Reader. Nitrite con-
centrations were estimated by comparison with a standard 
curve (0, 1, 5, 10, 25, 50, 75, 90 and 100 µM) prepared with 
sodium nitrite in complete medium (Green et al. 1982).

Determination of arginase activity - Arginase activ-
ity was measured as previously described (Corraliza et 
al. 1994) with some modifications. Briefly, 106 cells were 
washed with a solution of 0.25 M sucrose and 5 mM KCl 
and were added to 0.5 mL of 0.1% Triton X-100 in an 
antiproteolytic buffer containing 0.1 mM phenylmeth-
ylsulphonyl fluoride, 0.01% (w/v) leupeptin, 0.2 mg/mL 
trypsin inhibitor and 1 mM benzamidine in 0.25 M su-
crose and 5 mM KCl. The mixture was then stirred for 

30 min at RT. After the cells were lysed, 0.5 mL of 25 
mM Tris-HCL plus 5 mM MnCl2 (pH 7.4) was added and 
the enzyme was activated for 10 min at 56ºC. L-arginine 
hydrolysis was initiated by the addition of 25 μL of 0.5 M 
L-arginine (pH 9.7) to a 25-μL aliquot of the previously 
activated lysate. After incubation at 37ºC for 60 min, the 
reaction was stopped by the addition of 400 μL of an acid 
mixture containing H2SO4, H3PO4 and H2O (1:3:7). The 
amount of urea produced was measured by the addition 
of 25 μL of 9% α-isonitrosopropiophenone (dissolved in 
100% ethanol) and subsequent heating at 100ºC for 45 
min. After 10 min in the dark, the absorbance was de-
termined at 540 nm in spectrophotometer (6405 Jenway, 
Dunmow, UK) using 200-µL aliquots in a microculture 
plate. A calibration curve was prepared with increasing 
amounts of urea in a concentration range from 1.5-30 µg/
mL. All reagents were purchased from Sigma.

Statistical analysis - For each set of results, the 
data presented were collected from three independent 
experiments, each of them performed in triplicate, un-
less otherwise stated. The statistical analysis of the data 
was carried out using parametric (one-way ANOVA, 
followed by Tukey-Kramer multiple comparisons test, 
Student’s t test and linear regression) and nonparamet-
ric (Kruskal-Wallis test followed by Dunn’s multiple-
comparisons test, Mann-Whitney and Spearman’s rank 
correlation) tests. Statistical significance was defined as  
p < 0.05 for all analyses. Similar results were obtained 
using parametric and non-parametric analyses. All 
tests were performed using GraphPad Prism 5 software 
(GraphPad Software, San Diego, USA).

reSuLtS

Effect of KMP-11 on the infection of murine mac-
rophages with L. amazonensis - The effect of the re-
combinant protein KMP-11 on parasite infectivity and/
or amastigote replication in vitro was investigated. Resi-
dent peritoneal macrophages from BALB/c mice were 
infected with L. amazonensis and cultured with or with-
out KMP-11. As shown in Fig. 1, 48 h after infection, the 
macrophage cultures containing KMP-11 presented sig-
nificantly higher intracellular amastigote numbers and 
percentages of infected macrophages (p < 0.005 in both 
cases) than those without KMP-11. These results were 
obtained with KMP-11 added 4 h after infection and af-
ter the removal of the remaining extracellular promas-
tigotes by washing, demonstrating that the main effect 
of KMP-11 was to promote parasite survival/replication 
rather than to increase phagocytosis or promastigote in-
fectivity. Therefore, we focused on the parasite load per 
macrophage rather than on the proportion of infected 
macrophages. Other recombinant proteins, namely bo-
vine serum albumin and Megathura crenulata (keyhole 
limpet) haemocyanin (both purchased from Sigma), 
under the same experimental conditions, had no effect 
on the number of amastigotes per macrophage or on the 
macrophage infection rate (data not shown). 

Correlations between doses of KMP-11, numbers of 
amastigotes and IL-10 levels - To provide evidence that the 
KMP-11-induced secretion of IL-10 is involved in the in-
crease in the parasite load in L. amazonensis-infected mu-
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rine macrophages, we determined the correlations among 
the amount of KMP-11 added to the cultures, the number 
of amastigotes and the level of IL-10 secretion. Peritoneal 
macrophages were infected with L. amazonensis and then 
pulsed 4 h after infection with increasing KMP-11 doses 
(0.5, 1, 5 or 10 µg/mL). The data shown in Fig. 2 represent 
the mean values of two independent experiments. There 
were strong and significant positive correlations between 
the added KMP-11 doses and the number of intracellular 
amastigotes (Fig. 2A) (p < 0.01, r = 0.9834), between the 
doses of KMP-11 and the levels of IL-10 in the cell culture 
supernatants (Fig. 2B) (p < 0.05, r = 0.9563) and between 
IL-10 levels and the numbers of amastigotes inside the 
macrophages (Fig. 2C) (p < 0.05, r = 0.9257).

Neutralising antibodies for KMP-11 or IL-10 pre-
vent the exacerbating effect of KMP-11 on the infec-
tion of murine macrophages with L. amazonensis - To 
further characterise the mechanism by which KMP-11 
increases the parasite load in L. amazonensis-infected 
murine macrophages, as well as the role of IL-10 in this 
phenomenon, an anti-KMP-11 monoclonal antibody or a 
neutralising anti-IL-10 monoclonal antibody were added 
simultaneously with KMP-11. Fig. 3 shows the mean re-
sults ± standard error of three independent experiments, 
each of them performed in duplicate. Both anti-KMP-11 
and anti-IL-10 antibodies, but not their isotype controls, 
were able to significantly inhibit the increase in para-
site load caused by the addition of KMP-11 (Fig. 3A) (p  
< 0.05). Both anti-KMP-11 and anti-IL-10 antibodies, but 
not their isotype controls, were also able to significantly 
decrease parasite loads in macrophage cultures to which 
KMP-11 had not been added (Fig. 3B) (p < 0.05), indicat-
ing that the KMP-11 already expressed by the parasite 
plays a role in exacerbating infection. 

KMP-11 is released in the supernatant of L. ama-
zonensis-infected murine macrophage culture - After 
having shown that an anti-KMP-11 antibody was able 
to significantly decrease the parasite load in L. amazo- 
nensis-infected murine macrophages with or without the 
addition of KMP-11, adding further evidence that KMP-
11 promotes infection, it was necessary to understand 
how this antibody reaches its target, a membrane pro-

Fig. 2: correlations between kinetoplastid membrane protein-11 
(KMP-11) doses, amastigote numbers and interleukin (IL)-10 levels 
in Leishmania amazonensis-infected peritoneal macrophages from 
BALB/c mice. Macrophages were cultured and infected as described 
in the legend to Fig. 1 and several different KMP-11 doses were added 
4 h after infection. Significant positive correlations were found be-
tween doses of KMP-11 added to the cultures and mean numbers of 
intracellular amastigotes per 100 macrophages (A), between doses 
of KMP-11 added to the cultures and IL-10 levels measured in the 
culture supernatants (B) and between IL-10 levels measured in the 
culture supernatants and mean numbers of intracellular amastigotes 
per 100 macrophages (C). The data shown represent the means of the 
results obtained from two independent experiments. 

Fig. 1: effect of kinetoplastid membrane protein-11 (KMP-11) on the 
infection of peritoneal macrophages from BALB/c mice with Leishma-
nia amazonensis. The cells were seeded on eight-well Lab-Tek chamber 
slides (4 x 105 cells in 400 µl per well, stationary phase promastigote/
macrophage ratio of 1:1). Cultures were kept overnight at 37ºC, 5% CO2, 
until the infection. Forty-eight hours after infection, the macrophages 
monolayers were fixed and stained. Leishmania infection was assessed 
microscopically in terms of the numbers of amastigotes per 100 mac-
rophages (black bars) and the percentages of infected macrophages 
(white bars) in absence (Control) or presence of KMP-11 (10 μg/ml) 
added 4 h after infection (KMP-11). Data are presented as the means of 
the results obtained in three independent experiments ± standard error. 
Asterisk means p < 0.005 (significantly different from control). 
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tein of an intracellular parasite, in cultures without the 
addition of exogenous KMP-11. Therefore, we analysed 
the supernatant proteins obtained from non-infected or 
L. amazonensis-infected macrophage cultures with 15% 
SDS-PAGE. The proteins were transferred to a nitrocel-
lulose membrane and visualised by MemCode™ stain-
ing. An 11-kDa band can be seen in the supernatant of L. 

amazonensis-infected macrophages, but not in the super-
natant of non-infected macrophages (Fig. 4A). Immuno-
blotting analyses also revealed an 11-kDa band that was 
recognised by a monoclonal anti-KMP-11 antibody in the 
supernatant of L. amazonensis-infected macrophages, 
but not in the supernatant of the uninfected macrophag-
es (Fig. 4B). A second, minor immunoreactive band of  
22 kDa, recognised by the anti-KMP-11 antibody in the 
recombinant KMP-11 preparation (Fig. 4B), is a dimeric 
form of the protein (Berberich et al. 1997, Ramírez et 
al. 1998). Taken together, the results presented in Fig. 4 
demonstrate the presence of KMP-11 in the supernatants 
of L. amazonensis-infected macrophage cultures where 
the target antigen is readily accessible to the antibody.

The effect of KMP-11 on NO production by L.  
amazonensis-infected murine macrophages - Because 
NO plays a pivotal role in the killing of Leishmania 
amastigotes, we investigated whether the increase in par-
asite load caused by KMP-11 was accompanied by a de-
crease in NO production. Supernatants from cultures of 
BALB/c mouse peritoneal macrophages infected or not 
with L. amazonensis and pulsed or not with KMP-11 (10 
µg/mL) were assayed for nitrite concentration. L. ama-
zonensis infection significantly increased nitrite produc-
tion (p < 0.001), but the addition of KMP-11 significantly 
decreased nitrite production (p < 0.001) to levels similar 
to those measured in the uninfected macrophage cultures. 
The addition of KMP-11 did not alter nitrite production in 
uninfected macrophage cultures (Fig. 5).

Fig. 3: inhibition of the exacerbating effect of kinetoplastid mem-
brane protein-11 (KMP-11) on the infection of murine macrophages 
(Mφ) with Leishmania amazonensis (La) by anti-KMP-11 and anti-
interleukin (IL)-10 antibodies. Mφ were cultured and infected with La 
with (A) and without (B) addition of exogenous KMP-11, as described 
for Fig. 1, with or without 10 µg/mL of anti-KMP-11 (α-KMP-11) or 
neutralizing anti-IL-10 (α-IL-10) antibodies or yet isotype control an-
tibodies (Isot Ctrl 1 or Isot Ctrl 2). Data are presented as the mean 
number of L. amazonensis amastigotes per 100 Mφ obtained in three 
independent experiments ± standard error. The numbers of amastig-
otes in the cultures treated with KMP-11 alone or with KMP-11 plus 
the isotype controls were significantly higher than those of the cul-
tures without KMP-11 and those of the cultures treated with KMP-11 
plus anti-KMP-11 antibody or anti-IL-10 antibody (A). In absence of 
exogenous KMP-11, the treatment with anti-KMP-11 antibody or anti-
IL-10 antibody, but not with their isotype controls, significantly de-
creased the numbers of intracellular amastigotes (B). Asterisk means 
p < 0.05 as compared to the other conditions. Overall p value for mul-
tigroup comparison in (A) < 0.0001 and in (B) < 0.0005. 

Fig. 4: kinetoplastid membrane protein-11 (KMP-11) is released in the 
supernatants of Leishmania amazonensis (La)-infected murine mac-
rophage cultures. Twenty micrograms of supernatant proteins were 
obtained from macrophage cultures (Mφ), infected or not with La, 
as described in the legend of Fig. 1, and resolved by 15% sodium do-
decyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE). Two 
micrograms of KMP-11 were loaded in parallel (KMP-11), as control. 
Proteins were transferred to a nitrocellulose membrane and stained 
with MemCode™ Reversible Protein Stain Kit (A). Immunoblotting 
analysis was performed with an anti-KMP-11 monoclonal antibody 
(B). Both SDS-PAGE (A) and immunoblotting (B) analyses revealed 
an 11 kDa band (arrows) in the supernatant of La-infected macrophag-
es, which is absent in the non-infected culture supernatant. The mi-
gration and size in kDa of molecular mass markers are indicated to 
the left of the figure.
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KMP-11 increases arginase activity in L. amazo- 
nensis-infected murine macrophages - Elevated arginase 
activity leads to increased amastigote loads in Leish- 
mania-infected murine macrophages. Thus, we exam-
ined whether KMP-11 would trigger the arginase meta-
bolic pathway. The addition of KMP-11 to cultures of 
L. amazonensis-infected peritoneal macrophages from 
BALB/c mice significantly increased arginase activ-
ity (p < 0.001), as assessed by the urea levels in the cell 
lysates. However, the addition of KMP-11 was not able 
to increase arginase activity in cultures of uninfected 
macrophages (Fig. 6). 

DISCuSSIoN

KMP-11 is found in all kinetoplastid protozoa (Ste-
beck et al. 1995) and is highly conserved (> 95% homol-
ogy) in all Leishmania species, suggesting an essential 
role for this protein in the biology of the parasite (Ramír-
ez et al. 1998). Recently, it has been demonstrated that 
the surface expression of this protein is higher in the 
amastigotes than in the promastigotes of L. amazonensis. 
Moreover, in L. amazonensis promastigotes, the surface 
expression of KMP-11 increases during metacyclogenesis 
(Matos et al. 2010). The increased expression of KMP-11 
in metacyclic promastigotes and especially in amastig-
otes indicates a role for this molecule in the infection of 
the mammalian host. In this connection, KMP-11 expres-
sion has been associated with virulence in L. donovani 
promastigote cultures (Mukhopadhyay et al. 1998).

Fig. 5: kinetoplastid membrane protein-11 (KMP-11) inhibits nitric ox-
ide (NO) production by BALB/c mice peritoneal macrophages (Mφ). 
Supernatants from cultures of BALB/c mice peritoneal Mφ infected 
or not with Leishmania amazonensis (La) in presence or absence of 
KMP-11, as described for Fig. 1, were assayed colorimetrically for 
nitrite production. KMP-11 (10 µg/mL) was added to the macrophage 
cultures 4 h after infection. The data shown represent the means ± 
standard error of the results collected from three independent experi-
ments. Asterisk means p < 0.001 as compared to uninfected Mφ with 
or without KMP-11 and to infected Mφ with KMP-11. Overall p value 
for multigroup comparison < 0.0001. 

Fig. 6: Leishmania amazonensis (LA)-infected peritoneal macrophag-
es (Mφ) from BALB/c mice present increased arginase activity after 
treatment with kinetoplastid membrane protein-11 (KMP-11). Cell 
lysates from cultures of BALB/c mice peritoneal Mφ infected or not 
with La in presence or absence of KMP-11, as described for Fig. 1, 
were assayed colorimetrically for urea production. The data shown 
represent the means ± standard error of the results collected from three 
independent experiments. Asterisk means p < 0.001 as compared to 
uninfected Mφ with or without KMP-11 and to infected Mφ without 
KMP-11. Overall p value for multigroup comparison < 0.0001. 

Here we show that KMP-11 is able to exacerbate the 
infection of BALB/c mouse peritoneal macrophages 
with L. amazonensis by significantly increasing both the 
mean number of amastigotes inside the macrophages and 
the percentage of infected macrophages (Fig. 1). The fact 
that these results were obtained 4 h after infection and 
after the removal of the remaining extracellular promas-
tigotes by washing demonstrates that the main infection-
promoting effect of KMP-11 was on parasite replication 
rather than on the internalisation of promastigotes. The 
higher proportion of infected macrophages would be a 
consequence of the heavier parasite burden, leading to an 
augmentation of host cell lysis, releasing more amastig-
otes and causing a larger propagation of the infection.

Evidence that the increase in amastigote replication 
induced by KMP-11 is associated with the stimulation 
of IL-10 production by the infected macrophages was 
provided by the strong, positive correlations between the 
KMP-11 dose and the number of intracellular amastig-
otes (Fig. 2A), between the KMP-11 dose and the level of 
IL-10 (Fig. 2B) and between the IL-10 level and the amas-
tigote number (Fig. 2C). IL-10 has many strong mac-
rophage-deactivating effects, deeply inhibiting a broad 
spectrum of macrophage/monocyte functions, including 
the synthesis of monokines such as IL-12, NO production 
and the expression of class II major histocompatibility 
complex (MHC) and co-stimulatory molecules such as 
CD80 and CD86 (Moore et al. 2001). In leishmaniasis, 
IL-10 plays a key role in the disease progression and pro-
motes parasite persistence. IL-10-/- BALB/c mice are able 
to control the disease progression, presenting smaller 
lesions and fewer parasites than their wild-type coun-
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terparts (Kane & Mosser 2001) and IL-10-/- C57BL/10 
(as well as C57BL/6 treated with anti-IL-10 receptor an-
tibodies) are able to achieve sterile cure after infection 
with Leishmania major (Belkaid et al. 2001).

The exacerbation of L. amazonensis infection in 
murine macrophages caused by KMP-11 was further 
confirmed by blocking the effect of the addition of 
KMP-11 to the cultures through the simultaneous addi-
tion of an anti-KMP-11 monoclonal antibody (Fig. 3A). 
The involvement of IL-10 in this phenomenon was also 
confirmed by the abolishment of the KMP-11-induced 
increase in parasite load in L. amazonensis-infected 
macrophages provided by the addition of a neutralising 
anti-IL-10 monoclonal antibody (Fig. 3A). Isotype con-
trol antibodies were not able to inhibit the increase in the 
parasite load induced by the addition of KMP-11 to the 
macrophage cultures (Fig. 3A). Moreover, anti-KMP-11 
was able to significantly decrease the mean parasite load 
in macrophage cultures that had not received exogenous 
KMP-11 (Fig. 3B), showing that even without the ad-
dition of exogenous KMP-11, the protein naturally ex-
pressed by the parasite, is also able to induce an increase 
in the number of intracellular amastigotes. A similar 
effect was obtained with the anti-IL-10 neutralising an-
tibody (Fig. 3B), but not with the isotype controls. Con-
sidered together, our results confirm our hypothesis that 
KMP-11 promotes the exacerbation of L. amazonensis 
infection, increasing amastigote growth inside murine 
macrophages by inducing autocrine IL-10 secretion.

We have also demonstrated that the supernatants of 
L. amazonensis-infected murine macrophage cultures 
contain conspicuous amounts of KMP-11 (Fig. 4). The 
decrease in the parasite load caused by the addition of 
anti-KMP-11 antibodies into the macrophage cultures 
that had not received exogenous KMP-11 indicates 
that the protein that is released in the supernatant is, 
at least in part, responsible for the exacerbation of the 
infection. Thus, the addition of KMP-11 to the cultures 
was simply an amplification of something that occurs 
spontaneously during infection. The extracellular pres-
ence of KMP-11 in the supernatants of the Leishmania-
infected macrophage cultures is possibly a result of 
amastigote killing and lysis of parasitised macrophages 
(Chang et al. 2003). The generation of KMP-11-deffi-
cient mutants could help to determine the importance 
of this molecule for L. amazonensis infection. Howev-
er, attempts to generate such mutants by the selective 
ablation of the KMP-11 genes have not been successful, 
likely because this protein is essential for the parasites’ 
survival (El-Fadili et al. 2009).

NO production is an important effector mechanism 
for the killing of intracellular Leishmania amastigotes 
by infected macrophages (Green et al. 1990, Liew et 
al. 1990). The significant decrease in NO production in 
the L. amazonensis-infected macrophages treated with 
KMP-11 (Fig. 5) may also contribute to the increase in 
amastigote numbers in these macrophages (Fig. 2B). It 
has been shown that IL-10 can inhibit NO synthesis in 
human macrophages infected with Leishmania infan-
tum and L. major (Vouldoukis et al. 1997). Moreover, 
IL-10 and other Th2 cytokines induce the expression 

and activity of arginase (Iniesta et al. 2002, Barksdale 
et al. 2004), driving L-arginine utilisation towards the 
production of polyamines, which are essential nutrients 
for Leishmania spp (Iniesta et al. 2002, Barksdale et al. 
2004, Kropf et al. 2005, Wanasen & Soong 2008). The 
addition of KMP-11 increased the arginase activity sig-
nificantly in L. amazonensis-infected peritoneal mac-
rophages from BALB/c mice (Fig. 6), which may also 
favour the enhancement of the parasite burden in these 
cells. In contrast to what was observed in the infected 
macrophages, KMP-11 had no effect on uninfected mac-
rophages with respect to the induction of IL-10 secretion 
(data not shown), the inhibition of NO synthesis (Fig. 5) 
or the increase in arginase activity (Fig. 6).

Several studies have compared KMP-11 expression 
between different life cycle stages in some trypanoso-
matid species (Stebeck et al. 1995, Matos et al. 2010), 
but not between species. It would be interesting to know 
whether KMP-11 plays a similar role in the promotion 
of infection with other Leishmania species. We are cur-
rently investigating this possibility.

We have demonstrated that KMP-11 promotes amas-
tigote growth in L. amazonensis-infected BALB/c mac-
rophages. The exacerbation of the intracellular infection is 
likely a result of stimulation of IL-10 production, increase 
of arginase activity and inhibition of NO synthesis. Taken 
together, our results indicate that KMP-11 is a virulence 
factor in L. amazonensis, which makes this antigen a pos-
sible target for vaccines and therapeutic strategies.
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