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Host cells for Leishmania parasites

Leishmania spp. had been widely regarded as fastidious, 

obligate intracellular pathogens of macrophages, but 

recent studies have confirmed that these parasites have a 

far greater degree of promiscuity in host cell range than 

previously thought. Infections of multiple cell types, both 

in vitro and in vivo, have been reported, including for 

haematopoietic cells that arise from a common myeloid 

precursor (BOX 1; FIG. 2), and for non-haematopoietic 

cells such as fibroblasts. On a cautionary note, parasites 

may spread between cells during tissue homogenization, 

posing an additional challenge to in vitro studies of host 

range8,9. In this section, we describe studies on the relative 

roles of different cell types as hosts for Leishmania spp.

The importance of the neutrophil. One of the major chal-

lenges that is faced by the metacyclic promastigote after 

it enters the mammalian host is to establish intracellular 

residence in long-lived macrophages without trigger-

ing their innate antimicrobial defences. In 2003, Laskay 

and colleagues suggested that neutrophils could act as 

‘Trojan Horses’ to help promastigotes to achieve this 

goal. Through studying L. major, they observed that 

promastigotes were readily phagocytosed by neutrophils 

in vitro, but survived within neutrophil phagosomes. The 

infected neutrophils were induced to undergo apopto-

sis and became a phagocytic meal for macrophages that 

were added to the culture. As apoptotic neutrophils are 

phagocytosed through receptor-mediated pathways that  

fail to trigger macrophage defence responses10, their car-

goes of promastigotes were thereby efficiently and safely  

shuttled into the macrophage phagosome11. Neutrophils 

are indeed present in the early lesions that follow L. major 

infection in mice, and they are also detectable by histo-

pathology in many forms of human leishmaniasis.  

Two-photon intravital imaging has recently provided a strik-

ingly visual demonstration of the rapidity with which 

neutrophils descend upon L. major promastigotes after 

sandfly (or needle) transmission, and these cells can now 

reasonably be regarded as one of the main early hosts for 

L. major in vivo12.

Rapid infiltration of neutrophils into the skin is not 

limited to those Leishmania spp. that cause cutaneous 

disease, as it also occurs with L. infantum, which causes 

visceral leishmaniasis13. The cues that drive this neutro-

phil response are yet to be defined. The rapidity of the 

response and its association with local tissue damage sug-

gests a role for alarmins, which are endogenous molecules 

that signal tissue and cell damage14. However, candidate 

alarmins such as interleukin-33 (IL-33)15 have not yet 

been directly measured in leishmaniasis. Mononuclear 

phagocytes that are infected with Leishmania parasites 

produce various chemokines, which are known to attract 

neutrophils (reviewed in REF. 16). Cytokines also exert 

control over neutrophil recruitment. For example, IL-17 

can promote17 and type I interferons (IFNs) can inhibit18 

neutrophil recruitment, but their precise contribution 

to this immediate immune response is unclear. Finally, 

unlike needle infection, sandflies may co-transmit bac-

teria and viruses, which may help drive inflammatory 

responses19,20. In situ imaging has shown that most 

infected neutrophils, which rapidly engulf promastig-

otes on infection, are short-lived and release the parasites 

before being actively phagocytosed by macrophages12. In 

fact, the same study showed that the numbers of para-

sites in macrophages and dendritic cells (DCs) of mice 

are unchanged after neutrophil depletion, which suggests 

that neutrophils may merely scavenge parasites that are 

otherwise ignored. Further in situ analysis using trans-

genic mice to visualize other potential host cells should 

prove to be equally informative (see later). In summary, 

although neutrophils clearly participate in the early 

response to infection, their role as a Trojan Horse has yet 

to be directly confirmed in vivo.

Although the studies noted above suggest that uptake 

by neutrophils contributes to L. major infectivity and may 

assist in life cycle progression, this may not be the case 

during infections with other Leishmania spp., or indeed 

under all circumstances with L. major. For example, 

Figure 1 | The life cycle of Leishmania parasites. Leishmania procyclic promastigotes 

differentiate in sandflies into infective, non-dividing metacyclic promastigotes, which 

are located ready for transmission at the stomodeal valve (an invagination of the 

foregut into the midgut). During blood feeding, the sandfly regurgitates metacyclic 

promastigotes, together with immunomodulatory parasite-derived proteophospho-

glycans and various salivary components. The metacyclic promastigotes are then 

phagocytosed by one of several possible cell types that are found in the local 

environment (FIG. 2). After establishing an intracellular residence, metacyclic 

promastigotes transform into aflagellate amastigotes. Amastigotes undergo 

replication within host cells, which rupture when too many amastigotes are present, 

allowing reinfection of local phagocytes. The transmission cycle is complete when 

infected phagocytes are taken up by another sandfly with the blood meal, and 

amastigotes then convert into promastigotes in the sandfly midgut.
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Initial evidence: 

 

Microarray assay: 

 -Macrophages (Bone marrow) infected with Leishmania 

amazonensis amastigotes for 48 h: 

RESULTS: 

 - Detection of CD200 up-regulation in infected macrophages. 
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- Type 1 Glycoprotein of 

membrane. 

- 2 domains of Ig 

-Superfamily of 

immunoglobulins 

 

Main role: 

 

a. To control macrophage 

response. 

 

b. To contain exaggerated 

immune response. 

  Diane E. Griffin. Nature Reviews Immunology (2003) 
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death, exposed PS molecules become ligands for apoptotic cell

recognition, leading to engulfment of the target cell and triggering

the alternative activation of the phagocyte, characterized by

elevated TGF-b1 and IL-10 production [7,8]. Amastigote formsof

L. amazonensis take advantage of exposed PS during the host cell

infection inducing an anti-inflammatory response by macrophages

and dendritic cells(DC). Thiscreatesa permissive environment for

growth and dissemination [9] without necessarily progressing to

apoptotic death in a mechanism called "apoptotic mimicry"

[8,10]. Pathogens such as Toxoplasma gondii, Trypanosoma cruzi, and
vaccinia virus can also take advantage of PS recognition on their

surface to induce an anti-inflammatory response and to inhibit

microbicidal mechanism in order to establish infection in their

respective hosts [11–13].

In addition, PS exposure on the surface of Leishmania

promastigotes, asa consequence of apoptotic death due to nutrient
deprivation, has been implicated as an important virulence factor

in the establishment of infection by this parasite form. Van

Zandbergen et al.[14] have showed that presence of apoptotic

promastigotes of L. major, in an altruistic behavior, allows the

intracellular survival of viable parasites. Alongside, our group
showed that PSpositive L. amazonensispromastigotes are present in

the sand fly gut, being part of the infective inoculums in natural

infections [15]. In this work, we examined whether PS exposure

on L. amazonensisparasites, isolated from DCL lesions, isa possible

mechanism of host immune suppression, thusplaying a role in the

pathogenesis of this chronic form of leishmaniasis.

Materials and Methods

Parasite isolates
Parasites were obtained by puncture and aspiration after

previous asepsis and anesthesia of nodular lesions from DCL

patients and of border ulcerated from LCL patients. Parasite

strains were maintained in cryopreservation stock tanks since the

time of isolation. L. (L.) amazonensis isolates from LCL (n = 5) or

DCL (n = 7) patients were defrosted and cultivated in tubes with
biphasic medium Novy-MacNeal-Nicolle (NNN), consisting of

rabbit blood agar overlaid with Schneider’s insect medium (Sigma

Aldrich) pH 7.2 supplemented with 10% heat inactivated fetal

bovine serum (FBS-Gibco) and 1% antibiotic (Gibco). Parasite

isolates were expanded in vitro in complete Schneider medium,
pH 7.2, at 25uC until they reached the stationary phase. Following

expansion, aliquots of different strains of L. amazonensis were

cryopreserved in complete RPMI medium containing 10% FBS

(Gibco) and 1% DMSO until the moment of use and were not

inoculated in animal during the study.

A total of 14 strainswere used in thisstudy (Table 1). All isolates

used in these experiments were confirmed asL. amazonensisspecies

by Multilocus Electrophoresis of Enzymes (MLEE) analysis as

previously described [16]. This analysis was performed by

Leishmania Collection of the Oswaldo Cruz Institute (CLIOC),

FIOCRUZ, Rio de Janeiro, Brazil. The M2269 (MHOM/ BR/

1973/ M2269) World Health Organization (WHO) reference
strain was included in this study. As a control, we also used the

LV79 (MPRO/ BR/ 72/ M 1841-LV-79) strain that was originally

isolated from a case of LCL of primate, since its PS exposure

mechanism have been well characterized [9].

Epidemiological and clinical evaluations
Clinical and epidemiological characteristics of the patients with

LCL and DCL are presented in Table 2. DCL patient’s data were
obtained between 1980 and 1990 [2] and were studied at the

University of Bahia Hospital and in the Hospital dosServidoresdo

Estado do Maranhão, a state located in the Northeast of Brazil

and were followed by Dr. Jackson Costa [2]. All DCL patients

were diagnosed following previously described criteria [3,17].

DCL patients presented prolonged natural history of their disease,

negative response to leishmanin skin test (LST), intense number of

parasitised macrophages, multiple nodular lesions all over the skin

and chronic evolution of the disease, with several remissions. LCL

patientswere from State of Bahia, Brazil and were followed by Dr.

Aldina Barral. Individualswith LCL presented a typical skin ulcer,

positive skin test response to leishmanin (Montenegro test),

duration of disease up to six months and presence of single or

few ulcerated lesions [2].

Written informed consent was obtained from all participants or

legal guardians. All clinical investigations were conducted accord-

ing to the principles expressed in the Declaration of Helsinki. The

project was approved by the institutional review board from

Centro de Pesquisas Gonçalo Moniz-FIOCRUZ/ BA and Federal

University of Maranhão.

Mice
F1 (BALB/ c x C57Bl/ 6) mice, age 6–8 weeks, were obtained

from the animal facility of Research Coordination at the National

Institute of Cancer (INCa- RJ, Brazil) or from Harlan Sprague

Dawley (Indianapolis, IN, USA). This study was carried out in

strict accordance with the recommendations in the Guide for the

Care and Use of Laboratory Animals of the National Institutes of

Health. All experimental procedures were approved and conduct-

ed according to the Brazilian Committee for Animal Experimen-

tation (COBEA, Permit Number: L-036/ 08) and by Committee

on the Ethics of Animal Experiments of the University of Texas

Medical Branch, Galveston, TX (Permit Number: 9803016A).

Surgery was performed under sodium pentobarbital anesthesia,

and efforts were made to minimize mouse suffering.

Macrophage infection
Thioglycollate-elicited peritoneal macrophages collected from

F1 mice were plated and non-adherent cells were removed by

Table 1. Leishmania amazonensis isolates used in this study.

Number Strain Internat ional Code (*) Origin Pathology

1 BA 106 MHOM/BR/1986/BA106 BA DCL

2 BA 199 MHOM/BR/1989/BA199 MA DCL

3 BA 276 MHOM/BR/1989/BA276 MA DCL

4 BA 336 MHOM/BR/1990/BA336 MA DCL

5 BA 700 MHOM/BR/1997/BA700 MA DCL

6 BA 760 MHOM/BR/1999/BA760 MA DCL

7 BA 820 MHOM/BR/2002/BA820 MA DCL

8 BA 69 MHOM/BR/1985/BA 69 BA LCL

9 BA 73 MHOM/BR/1985/BA 73 BA LCL

10 BA115 MHOM/BR/1987/BA115 BA LCL

11 BA125 MHOM/BR/1987/BA125 BA LCL

12 BA113 MHOM/BR/1987/BA113 BA LCL

13 M2269 MHOM/BR/1973/M2269 PA LCL

14 LV79 MPRO/BR/72M 1841-LV-79 BR LCL

(*) Code recommended for the Leishmania strain nomenclature, which includes

the following data: host, country of origin, year when it was isolated, and

original code (WHO, 1984).

doi:10.1371/journal.pone.0036595.t001
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(BA69, BA73, BA 125) isolatesat 72 h of infection (Figure 4B), the

PV size of Giemsa-stained macrophages wasdetermined by width

x length and presented asan averaged area (in mm2). Asshown in

Figure 4B, PV sizes induced by DCL isolates (346.46 43.47) were

significantly higher than those induced by LCL isolates

(35.126 5.48, p= 0.0003). Furthermore, there wasa highly positive

correlation between PV size and PS exposure on the parasite

surface. The DCL isolates displaying higher PSexposure at 24h of

infection, were also those inducing the largest vacuole sizes

(Figure 4C, r = 0.942, p= 0.016).

Based on evidences that PS exposure in amastigotes is induced

by the host immune response (Wanderley et al. manuscript in

preparation), we compared the intensity of PS exposure in L.

amazonensis (LV79) amastigotes obtained from Balb/ cnu/ nu and

wild-type mice. Indeed, at 5–8 weeks post-infection, amastigotes

obtained from nude mice exposed 2–4 fold lessPS at their surface

than did parasites obtained from wild-type counterparts

(Figure 4D). To characterize the role of PS exposure on PV

formation, we performed histological analysis of footpad lesions of

wild-type and nude mice. At 5 weeks post-infection, the majority

of infected macrophages observed in wild-type mice lesions

presented the characteristic large PVs; however, we could not

detect the occurrence of large PVs in nude mice, regardless of the

presence of a large number of parasites (Figure 4E). Moreover,

lesion-derived amastigotes purified from immune deficient mice (at

5 weeks post-infection) presented reduced infectivity index com-

pared with parasites derived from wild-type mice (Figure 4F).

PS exposure on L. amazonensis isolates correlates with

clinical disease
To check whether the differences in PS exposure found in

isolates from DCL (BA276, BA336, BA700 and BA760) and LCL

(BA69, BA73, BA 115, and BA125) patients could be associated

with different clinical parameters (Table 2), we performed

correlation statistics between these variables, using parasite PS

exposure at 24 h post-infection and clinical data, respectively.

These results showed that isolates which presented a higher PS

exposure on their surface, were derived from DCL patients with

the higher number of lesions (Figure 5A, r = 0.928, p= 0.002) and

duration of the disease (Figure 5B, r = 0.994, p= 0.004). These

data suggest that, in human DCL, parasites that are capable of

exposing higher amounts of PS induce a more severe and

persistent disease.

Discussion

The factorsthat determine DCL disease outcome remain poorly

understood and may be associated with immunological and

genetic features of the patients, as well as with pathogenic factors

of the parasite [2,3,25,26]. L. amazonensis is the main etiologic

Figure 4. Parasitophorous vacuole analysis. Photomicrographs of macrophages from F1 mice, infected with DCL (BA276) and LCL (BA125)
isolates after 72 h of culture (A). Arrows point to individual PVs. Magnification 400X. The average sizes of the PVs induced by different isolates from
patients with LCL (BA69, BA73 and BA 125) (%) and DCL (BA276, BA336, and BA700) (& ) after 72 h of infection were measured using Image-Pro Plus
6.0 (B). Data are shown as the area in mm2 of PVs in each tested isolate. Boxes represent median values and interquartile interval of PV sizes pooled
from different isolates mentioned above. The correlation between PSexposure at 24 h and PVarea showed in (C). The three lower points in X axis (PS
exposure) represents LCL isolates while the three higher points are from DCL isolates. Differences were checked using unpaired t test. Spearman test
was used to verify the significance in the correlations between PV area and PSexposure. The r value is plotted in the correlation graph. PSexposure
on the L. amazonensis amastigotes surface from nude mice (Figures D–F). Mean fluorescence intensity of annexin V staining on lesion-derived
amastigotes (LV79) purified from BALB/c WTor BALB/c nu/nu mice (D). Graph corresponds to one representative experiment out of three. H&Estaining
of histological slides of infected footpads obtained from BALB/c WT or BALB/c nude mice 5 weeks post infection (E). Peritoneal macrophages derived
from BALB/c mice were infected with lesion-derived amastigotes (LV79) purified from BALB/c WT or BALB/c nu/nu mice 5 weeks post infection. After
24 h of infection cells were fixed and stained. The infectivity index (F) was defined by microscopic analysis. Representative experiment of two repeats.
Differences were checked using unpaired t test.
doi:10.1371/journal.pone.0036595.g004
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inducing CD200 occurs in macrophages.





CD200: 4µg/mL 

Wash out 

2 

3 

Schematic procedure: 

CD200 molecule 

Leishmania 

Macrophage 

Neutrophils 



Schematic procedure: amastigotes 

Neutrophils 

metacyclic 

PCR em tempo real 



1 day: Infection 1x106 parasites/footpad + 10 µg CD200-Fc 

3 day:   + 10 µg CD200-Fc 

4 day: + 10 µg CD200-Fc 

7 day:   + 10 µg CD200-Fc 

14 day: + 10 µg CD200-Fc 

21 day: + 10 µg CD200-Fc 

Etc… 

New schematic procedure: 

/10 µg Ig-Fc 



10 min in 
Iodate 

solution 

10 min in 
Ethanol 70% 

solution 

To wash in 
distillated 

water 

After Before 

Weight  the tubes 

300 ul 199 
medium 

Quantification of parasite load in lesion: Protocol 



100 uL 100 uL 100 uL 100 uL 100 uL 100 uL 100 uL 100 uL 100 uL 100 uL 

1 2 3 4 5 6 7 8 9 10 N Dilution 

2 3 4 5 6 7 

16 wells/every dilution/50 ul 

N Dilution 

Third week 

Dil. 2: n parasites x 100 x 3  
Dil. 3: n parasites x 103 x 3  
Dil. 4: n parasites x 104 x 3 
Dil. 5: n parasites x 105 x 3 
Dil. 6: n parasites x 106 x 3 
Dil. 7: n parasites x 107 x 3 

Mice 1:  
-2 x 105 x 3 / 160 mg 
 
= 3750 parasites  ~ 3.7x103 

Mice 2:  
-4 x 105 x 3 / 220 mg 
 
= 5454 parasites  ~ 5.4x103 

Mice 3:  
-2 x 106 x 3 / 110 mg 
 
= 54545 parasites  ~ 5.4x104 

Example: 



CD200: 4µg/mL 

Wash out 

1 

2 

3 

Schematic procedure: 
CD200 molecule 

Leishmania 

Macrophage 



Wash out 

Schematic procedure: 

Pre-incubation 1h of infection 

Wash out 
Incubation with drugs 1h of infection 

Drugs: 

-L-NMMN 

- D-NMMN 




