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S um m ary :

The Vero cell line, a non-phagocytic cell, has supported the 
intracellular mechanism of Leishmania (L.) chagasi. This strain 
(MHOM/BR/501/MS00) was isolated from a human case of 
visceral leishmaniasis in Mato Grosso do Sul, Brazil and cultivated 
in Schneider's Drosophila medium with 20 % of heat inactivated 
fetal calf serum. It was allowed to infect the Vero cells at a ratio 
of 10 to 20 promastigotes per cell. Within six hours of 
incubation, promastigote forms were found attached to Vero cells 
without any particular orientation. The number of amastigotes per 
cell increased during the incubation period. Results showed that 
promastigotes of L. (L..) chagasi could interact, transform to 
amastigote forms and multiply in non-phagocytic cells, 
demonstrating a new model to study the intracellular cycle of this 
protozoan.
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Résumé :  In t e r a t io n  d e  Leish m a n ia  ( L .)  c h a g a s i avec  la lig n ée  d e  
cellule V e r o

La lignée de cellule Vero, qui n'est pas une cellule phagocytaire 
professionnelle, a supporté la croissance de Leishmania 
(L.) chagasi. Le parasite (MHOM /BR/501/M S00) a été isolé 
d'un patient souffrant de leishmaniose viscérale au Mato Grosso 
du Sud, Brésil. Les parasites ont été cultivés sur un milieu de 
culture de Schneider supplémenté avec 20 % de sérum fœtal 
bovin inactivé par la chaleur; ils ont été mis en contact avec les 
cellules à raison de 10 à 20 promastigotes par cellule. Après six 
heures d'incubation, les promastigotes sont retrouvés attachés aux 
cellules, sans orientation particulière. Le nombre de parasites par 
cellule augmente pendant la période d'incubation. Les résultats 
montrent que les promastigotes de L. (L.) chagasi peuvent interagir, 
se transformer en amastigotes et se multiplier dans des cellules qui 
ne sont pas des phagocytes professionnels. Ces résultats 
caractérisent ainsi un nouveau modèle pour étudier le cycle 
intracellulaire de ce parasite.

MOTS CLÉS : Leishmania (L.) chagasi, cellules Vero, infection in vitro.

L e is h m a n ia  (L e ish m an ia )  ch a g a s i  is the causative 
agent o f human and canine leishmaniasis in the 
New World and has frequently been found in 

several regions o f Brazil. This protozoan develops its 
life cycle in two forms: in sandfly vectors, where they 
exist as flagellar promastigote forms and in infected 
mammalian hosts, where the parasites are found as 
amastigote forms.
In L eish m a n ia  infections, macrophages seem  to have 
a dual role: first, they are the main cell type involved 
in host resistance to the parasite; second, these cells 
are the amastigotes main multiplication site. Some 
authors have reproduced in  vitro  this m echanism 
using peritoneal exudate cells from mice and hamsters
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along with macrophage murine tumor cells (Chang, 
1976; Pearson et a l ., 1981; Aikawa et a l., 1982). L eish­
m a n ia  is classically known for not having active 
means to invade cells, being forced to rely com ple­
tely on the phagocytic capacity o f the host cell for 
uptaking. However, their infection is not restrict to 
professional phagocytes and it has already been  
shown that it may occur in other cell lines (Rittig & 
Bogdan, 2000). Numerous investigators have reported 
the infection o f various kinds of cell lines o f non­
macrophage origin by several species o f L eish m an ia , 
in vitro. L e ish m an ia  species have been noted to infect 
non-professional phagocytic cells such as fibroblast 
culture (Mattock & Petters, 1975; Chang, 1978; Dedet 
et a l., 1983; Schwartzman & Pearson, 1985; Côrte-Real 
et a l., 1995). Furthermore, Hervás Rodrigues et al. 
(1996) w ere able to describe, by several methods, the 
presence o f L eish m a n ia  amastigotes in fibroblasts o f 
dog skin.
In this study, we observed the interaction between L. 
(L.) c h a g a s i  and Vero cell line (fibroblasts o f African 
green monkey kidney), which had not been done 
before.
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MATERIALS AND METHODS

P a r a s i t e s

T he strain of L. (L.) chagasi (MHOM/BR/501/MS00) 
was isolated from a human case o f visceral 
leishmaniasis in Mato Grosso do Sul, Brazil, and 

cultivated in Schneider’s Drosophila medium supple­
mented with 20 % o f heat inactivated fetal calf serum 
(FCS) at 24° C.

V e r o  c e l l  l in e

The Vero cells were maintained in RPMI 1640 medium 
supplemented with 10 % FCS, 2 % L-glutamine, 2.8 % 
bicarbonate buffer, Penicilin (100 U/ml) and Strepto­
mycin (100 μg/ml) at 37° C in a 5 % CO, humidified 
incubator.

C e l l s  in f e c t io n

The cells were infected 24 hours after adhesion in a 
six well plate containing cover slips, at a ratio o f 10 
to 20 promastigotes per cell. The cover slips were fixed 
in Bouin’s solution in a period of 6, 24, 48, 72 and 
96 hours after infection and Giemsa stained. The

number of infected cells and the average number of 
intracellular amastigotes per cell were determined by 
counting 100 cells at least. W e have repeated these 
experiments three times in order to ascertain that the 
experimental data was reproducible.

U l t r a s t r u c t u r a l  e x a m in a t io n

Cells infected with L. (L.) cb ag a s i,  cultivated as des­
cribed above, were fixed for one hour in a solution 
containing 2.5 % glutaraldehyde in 0.1 M cacodylate 
buffer and 3-5 % sucrose. The cells were rinsed in 0.1 M 
cacodylate buffer with 3-5 % sucrose and post-fixed 
with 1 % O sO 4 in the same buffer. They were rinsed 
again, dehydrated in acetone and embedded in F.pon. 
The material was examined in a transmission electron 
m icroscope (Zeiss EM10C).

RESULTS

Light microscopical examination showed, six hours 
after infection, promastigote forms attached to 
Vero cells without any particular orientation 

(Fig. 1A, 1B). In the subsequent days, amastigote forms

Fig. 1. -  Infection of non-professional phagocytic cells by Leishmania (L.) chagasi. Promastigotes adhering cells by the flagellum (A) or 
posterior end (B) six hours after infection. (C) Amastigote form inside a parasitophorous vacuole 24 hours after infection. (D) Group of 
amastigotes inside a parasitophorous vacuole 96 hours after infection. Arrows show parasites. Bars = 10 μμm.
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I n t e r a c t i o n  o f  L. CL.) c h a g a s i  w i t h  V e r o  c e l l s

could be seen inside parasitophorous vacuole either 
alone or in groups (Fig. 1C, 1D). The mean number 
o f amastigotes per infected cell increased from 0.15 
amastigotes/cell at 24 hours to 0.37 amastigotes/cell 
96 hours after infection. At the end of the incubation 
period many amastigotes could be seen inside the 
same vacuole.
The ultrastructure o f Vero cells infected with L. (L.) 
c h a g a s i  was also studied: the cells presented their 
cytoplasm containing amastigote forms inside the para­
sitop h orou s v acu o le  m em brane (Fig. 2A). After 
48 hours, amastigote forms were found in initial stages 
of degeneration presenting vacuoles inside themselves 
(Fig. 2B).

Fig. 2. -  Ultrastructure of non-professional phagocytic cell infected 
by Leishm ania (L.) chagasi showing amastigote forms inside para­
sitophorous vacuoles 48 hours after infection. (A) The parasite 
appears inside the vacuole membrane. (B) The arrow shows an 
amastigote form in initial state of degeneration. Bars = 1 μm

Fig. 3- — Ultrastructure of Vero cell showing mitosis chromosomes. 
Bar = 1 μm.

The electron m icroscopy showed cells undergoing 
mitosis with chromosomes inside the nuclei, indicating 
that Vero cells and their parasites could grow together 
(Fig. 3).

DISCUSSION

Schwartzman & Pearson (1985) showed that L. (L.) 
d o n o v a n i  could interact with human foreskin 
fibroblasts but the multiplication of amastigotes 

was not observed, suggesting that the conditions 
required for promastigote-to-amastigote conversion 
might be different than those required for amastigote 
multiplication. Similar to the situation observed in 
most macrophage populations in  vitro, a productive 
infection with a continuous increase in the number of 
intracellular parasites was rarely described in this non­
macrophage host cells, suggesting that non-profes- 
sional phagocytes do not stand L eish m a n ia  growth 
(Rittig & Bogdan, 2000). However, Cô rte-Real et al. 
(1995) showed that L. (L.) a m a z o n en s is  amastigote 
forms could multiply inside parasitophorous vacuoles 
of skin fibroblasts. In addition, our experiments also 
demonstrated that L. (L.) c h a g a s i  promastigotes could 
interact with Vero cells, convert to amastigotes and 
multiply inside the vacuoles, like they do with its 
main host cells, the macrophages. Bogdan et al. (2000) 
suggested that fibroblasts could be a less hostile envi­
ronment for L. (L.) m a jo r  than macrophages and, the­
refore, allow the persistence o f the parasites after che­
motherapy. Parasite survival and replication, however.
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are subject to control by neighboring macrophages that 
are effective against L eish m a n ia  residing in fibroblasts 
and thereby help to maintain a stable host-parasite rela­
tionship.
Dedet et al. (1983) described, by transmission electron 
microscopy, different stages o f degeneration of L. (L.) 
a m a z o n en s is  amastigotes. In this infection of human 
fibroblast lines with L. (L.) a m a z o n en s is , most para­
sites disappeared within a week. Likewise, we obser­
ved L. (L.) c ha g a s i  amastigotes beginning to degene­
rate after 48 hours inside parasitophorous vacuoles. 
This led to the speculation that, in natural infection, 
promastigotes might convert to the more resistant 
amastigote forms within fibroblasts and that amastigotes 
released from fibroblasts might subsequently infect 
macrophages (Pearson et a l . , 1983). Furthermore, our 
results have suggested that the infection does not 
interfere with the cell lifecycle, just like Chang (1980) 
demonstrated with J774.G 8 macrophages infected by 
L. (L.) am az on en sis .
Compared with macrophages, cytokine-activated fibro­
blasts had a reduced ability to express type 2 nitric 
oxide synthase, responsible for killing intracellular 
L. (L.) m ajor. These data identify fibroblasts as an 
important host cell for L eish m a n ia  during the chronic 
phase o f infection and suggest that they might be used 
as safe targets for the parasites in clinically latent 
disease (Bogdan, 2000). In our experiments, the Vero 
cell line could stand intracellular growth of L. (L .j c b a ­
g asi, proving to be a good model to further studies 
about the necessary conditions for the conversion of 
promastigotes to amastigotes, considering that this line 
is an easily cultivated cell line.
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