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KINETICS OF GROWTH OF Leishmania (Leishmania) chagasi CYCLE IN McCOY CELL CULTURE
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SUMMARY

The kinetics of growth of Leishmania performed in vitro after internalization of the promastigote form in the cell and the
occurrence of the transformation of the parasite into the amastigote form have been described by several authors. They used
explants of macrophages in hamster spleen cell culture or in a human macrophage lineage cell, the U937. Using microscopy, the
description of morphologic inter-relationship and the analysis of the production of specific molecules, it has been possible to
define some of the peculiarities of the biology of the parasite. The present study shows the growth cycle of Leishmania chagasi
during the observation of kinetic analysis undertaken with a McCoy cell lineage that lasted for a period of 144 hours. During the
process, the morphologic transformation was revealed by indirect immunofluorescence (IF) and the molecules liberated in the
extra cellular medium were observed by SDS-PAGE at 24-hour intervals during the whole 144-hour period. It was observed that in
the first 72 hours the promastigote form of L. chagasi adhered to the cell membranes and assumed a rounded (amastigote-like)
form. At 96 hours the infected cells showed morphologic alterations; at 120 hours the cells had liberated soluble fluorescent
antigens into the extra cellular medium. At 144 hours, new elongated forms of the parasites, similar to promastigotes, were
observed. In the SDS-PAGE, specific molecular weight proteins were observed at each point of the kinetic analysis showing that
the McCoy cell imitates the macrophage and may be considered a useful model for the study of the infection of the Leishmania/
cell binomial.
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INTRODUCTION

The Leishmania in vitro culture contributes considerably to our
knowledge of the parasite’s biology24. In its development cycle,
Leishmania presents under two different aspects, the flagellar one,
named promastigote, that survives extracellularly and is found in the
intestinal tract of the vector (Phlebotominae) and the intracellular one,
known as amastigote, present in the macrophages, in the bone-marrow
and in cells of the endoplasmic reticle of the mammal host24.

The amastigotes have been described in cell cultures ever since
this technique began to be used14,25,30. Many experiments have been
undertaken using the infection of Leishmania donovani and Leishmania
infantum in hamster spleen cell explants21, macrophages and fibroblast-
type cells in culture. It has also been shown that Leishmania may be
transmitted from infected cells to uninfected ones and the L. donovani
morphological change in a pure macrophage culture in comparison
with a cell culture mixing macrophage and fibroblast-type cells in the
same culture flask16 has been reported.

Other researchers6,16,25 have also reported that flagellar forms

(promastigotes) infecting chicken embryo or human amnion cell
cultures have been transformed into amastigotes within 48 hours.

The mammal cell invasion by the flagellar form of Leishmania has
been documented by the cinemacromicrographic technique25.

Growth kinetic analyses made after the promastigotes
internalization in the cells and their transformation into amastigotes
have been made by several authors 6,11,13,15,22 who have also demonstrated
the host-parasite relationship and so contributed to the comprehension
of the biology of these protozoa.

The use of co-focal microscopy has allowed the description of the
inter-relation between the morphological changes and the synthesis of
the specific molecules induced by the intracellular amastigote into the
degradation of the MHC class II, thus suggesting the escape mechanism
that the parasite presents when in the amastigote form and by which it
avoids the presentation of antigen to the CD4 and CD8 cells1.

At the present level of knowledge, therefore, the growth of
Leishmania in vitro, using macrophage explants obtained from hamster
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spleen cells or from the U937 macrophage lineage cells, provides
important models for research into the cellular and molecular biology
of the parasite cycle and immune response induction.

The present study aims to show the infection of McCoy cells by
promastigotes of Leishmania chagasi as well as the morphologic
alterations of Leishmania and of the cells during 144-hour observation
of the kinetic analysis and demonstrate that McCoy cells imitate
macrophages and may be useful as a model of the Leishmania/host
interaction.

MATERIAL AND METHODS

Promastigotes of Leishmania: produced in conditioned growth
medium of McCoy cells culture19, according to the methodology
described22.

Promastigotes strain: promastigote forms of Leishmania
(Leishmania) chagasi were cultivated in semi-solid Novy-McNeal-
Nicolle medium (NNN medium), using a strain obtained from a dog
with visceral leishmaniasis from the State of Mato Grosso do Sul
(Brazil), registered at strain bank of Instituto Oswaldo Cruz # L 2665
and classified as MCAN/BR/2002/LVV/136 BR, MS, CAMPO
GRANDE.

Conditioned growth medium (CGM): Eagle´s medium
supplemented with 5% foetal calf serum (FCS) used for the growth
McCoy cells19. After the cells´ growth the medium having the excretion
of metabolites is considered “conditioned”.

Passages in conditioned growth medium: Promatigotes grown
in NNN medium was inoculated in conditioned medium. The inoculum
was a 10 µL harvest from a solution with 104 parasites/mL and kept in
2.5 mL CGM (24 wells tissue culture plates) and its multiplication
was observed for five days (120 hours). After day 5, the medium was
saturated with the flagellate forms of the parasite (promastigotes). Soon
afterwards, successive passages were made by inoculating aliquots with
2 x 104 promastigotes/mL (25 mL) plus (25 mL) of conditioned growth
medium in 100 cm3 bottles at room temperature (25 - 27 oC).

McCoy lineage cells: obtained from the cell collection of the
Instituto Adolfo Lutz - Secção de Culturas Celulares. The cells were
grown in monolayers in Eagle medium supplemented with 5% foetal
calf serum (FCS).

Kinetics of infection: were performed on plaques with 24 wells
containing recently split McCoy cells and with little coverslips inside
each well. Promastigotes were added to half of the wells and in the
other half only the monolayer of the McCoy cells has maintained to
act as control for each point of the kinetic analysis. The plaque was
incubated at 37 °C and four wells were chosen each 24 hours, the
growth of their cells interrupted, the supernatant removed and the cells
fixed with a 2% formaline solution, two of the well being inoculated
with promatigotes and two kept as control. This procedure was
continued on for 144 hours (six days).

Analysis of kinetics: all the coverslips were revealed with
immunofluorescent technique using a pool of positive sera obtained

from symptomatic for visceral leishmaniasis dogs and fluorescein
marked anti-dog conjugate from the kit produced by Biomanguinhos
(lot # 024CF005Z). After reaction each coverslip was observed under
an epifluorescent microscope with an enhancement of 400x and 1000x
and several fields were photomicrographed. The counting and the
observation of the reproduction of the cellular cycle were followed by
the analysis of the photos taken at 24 hour intervals.

Analysis of the proteins released in the extra-cellular medium:
aliquots of the extra-cellular medium were collected at 24 hour intervals,
analyzed in electrophoresis gel SDS-PAGE at a concentration of 12%
of acrylamide and stained with bromophenol blue, the electrophoretic
run being undertaken by the technique originally described17.

RESULTS

Figure 1 illustrates the kinetic analysis of the L. chagasi cycle
after the inoculation of 100 promastigotes/10 µL in each well with
McCoy cells spread in monolayer. Morphologic changes were observed
during the period 24 to 72 hours: the Leishmania presented a rounded
shape and adhered to the cellular membrane (Figs. 1-A, 1-B and 1-C);
in Figure 1-D it is seen that the Leishmania have been internalized and
the cellular membrane presented some alteration; in Figure 1-E small
particles that react to the immunofluorescence have been liberated into
the extra-cellular medium - this is to be seen in the 120-hour material.
Flagellate forms may be seen in the extra-cellular medium in the
material from 144 hours (Fig. 1-F). Figure 2 shows the formation of
vacuoles (parasitophores) inside the McCoy cells. Figure 3-A shows
the electrophoresis run in SDS-PAGE gel of the extra-cellular fluid in
each point of the kinetics. It is possible to see the presence of one band
above the bovine serum albumin (BSA) with molecular weight (MW)
of approximately 70 kDa which occurs from 72 until 144 hours; this
band cannot be observed in the seventh lane i.e., the control lane (extra-
cellular fluid from uninfected cells).

In Figure 3-B a heterodispersed band may be observed between 59

Fig. 1 - Kinetic growth of L. chagasi in McCoy cell lineage. 1 (A) 24 hours; 1(B) 48 hours;

1(C) 72 hours; 1(D) 96 hours; 1(E) 120 hours and 1(F) 144 hours.
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and 63 kDa. This band, just below the BSA, under lanes 1 and 2, was
obtained at 24 and 48 hours respectively. Meanwhile at 72 and 96
hours (lanes number 3 and 4) the concentration diminishes. A band of
constant concentration heterodispersed with MW between 50 and 55
kDa (in lanes 1 through 3) that corresponds to 24 through 72 hours
may also be observed. This band concentration diminishes (in lane 4)
at 96, but in 120 hours (lane 5) it is seen to have returned and been
maintained up to 144 hours (lane 6). In lanes 1 to 6 a constant band
with molecular weight of around 45 kDa may be observed. The seventh
lane corresponds to extra-cellular growth medium of a culture
uninfected with the parasite.

DISCUSSION

The follow-up of the morphologic alterations of the L. chagasi

flagellar form (promastigote) through the growth kinetics in McCoy
lineage cells, for 144 hours (six days) at 37 °C, showed that in the first
24 hours all the promastigotes assumed rounded form and continued
to adhere to the cellular membranes and, on the 6th day after inoculation,
new flagellate forms were observed in the extra-cellular medium. These
alterations were also found in an axenic culture of the amastigotes
from clone Ld 1S-CL2D of L. donovani in macrophage U937 cell
lineage12. The same authors observed that after the promastigote
adaptation the clone Ld 1S-CL2D assumed the amastigote-like
phenotype, able to propagate continuously in this amastigote form
(LdAxAm). In these cells the L. donovani were able to switch from
amastigote to promastigote phenotype, depending on alterations in the
condition of the medium. Alterations in certain protein and protease
concentrations due to the different concentrations of amastigote and
promastigote forms and proteins expressed by the gene A2 were also
demonstrated12.

Aflagellate parasites rounded in form and adhering to the cells
were observed at the kinetic points between 24 and 72 hours, in the
present research (Fig. 1A, 1B and 1C). The cells in infected medium
were seen, until 96 hours, to have swollen (as compared with cells in
the control medium) and no rounded forms were seen to have adhered
to the membrane. Smaller, also rounded, forms were being expelled
from the cells’ interior. The hypothesis that the parasite had entered
the cell is sustained by Figure 2 where parasitophores, similar to those
shown in macrophages formed in the interior of the McCoy cell, were
observed12.

This evidence corroborates the view that the Leishmania modifies
its biochemistry in order to maintain its digenetic form24.

Evidences were that the glycoprotein GP6328 favors the adherence
to the macrophage28 and contributes to the Leishmania survival in the
interior of the phagolysosome that is formed inside the
macrophage10,26,27. The GP63 from the promastigote anchors itself in
the macrophage surface through the GPI8,13,28. There are reports
indicating that the amastigote tissue of L. mexicana shows reduced
amounts of GP63 when compared to other cellular proteins and that
this molecule in L. mexicana, is reduced to the flagellar pocket and
works like an anchorage protein GPI19,20. It was also found a low level
of glycoprotein GP63 in L. chagasi amastigotes produced in U937
cells28. This same author noticed too28 the presence of two isoform
GP63 (63 kDa and 59 kDa) that predominate in the promastigote and
when this form penetrates the macrophage and became amastigote, a
new isoform appers, the GP63, with 64 kDa. Other observations were
made relating to the expression of heat shock proteins (hsp70 and hsp90)
when the promastigotes are converted to amastigotes after exposure at
37 °C. In U937 cells the expression of the proteins hsp70 and hsp90
increases during the first 24 hours after the parasite has entered the
cells; afterwards they return to their initial conditions at around 140
hours after the infection.

Although promastigotes have been observed in extra-cellular
medium at the 144 hours (the 6th day), of the kinetics at 37 °C, it is
impossible to know if these forms were due only to the complete cycle
of entering and leaving the cell or if, besides that, have occurred the
co-existence of two simultaneous events, i.e., the promastigote forms
found in the extra-cellular medium would be the amastigote-like form

Fig. 2 - Parasitophorous presents post-infection with L. chagasi in McCoy cell lineage.

Fig. 3 - Gel SDS-Page electrophoresis from extra-cellular fluid at each point in the kinetic

growth. Lane (1) 24 hours; Lane (2) 48 hours; Lane (3) 72 hours; Lane (4) 96 hours; MW

(standard molecular weights); Lane (5) 120 hours; Lane (6) 144 hours and Lane (7) cell

control without L. chagasi inoculation.
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that had not entered the cells and which were forced by the changes in
the medium to return to the flagellar form31, even if the flagellar form
at 37 °C cannot be explained. Others authors2,31 also point out that the
modifications in Leishmania morphology due to biochemical occurred
as a result of alterations in the medium and temperature. Thus, new
promastigote forms originated from amastigotes due to lesions and
put into HOMEM medium demonstrated adaptation to the axenic
medium14,18. It has also been reported that amastigotes obtained from
infected CBA mice were transformed in promastigotes11. The
amastigotes were immersed in HOMEM medium supplemented with
10% FCS and incubated at 25 °C; on the 3rd day the medium used was
Schneider’s supplemented with 20% FCS because this medium induces
metacyclogenesis2 by the 9th day. The subpassages were incubated at
32 °C and the metacyclic forms became amastigote-like. In the same
study the authors reported the co-existence of both amastigote forms
and metacyclic promastigotes at higher temperatures. BATES2 also
uses the criteria analysis for the cistein-proteinases in SDS gel in order
to define the patterns of promastigote forms and amastigote ones. Bands
with MW from 30 and 36 kDa are present in amastigotes and apparently
absent in promastigotes, showing that these biochemical markers
indicate differences between amastigotes and promastigotes of L.
mexicana.

Researchers27 have studied the biochemical response of in vitro
cultivated promastigotes with reference to the increase in temperature
and confirmed that the rise in temperature promotes the rounded form
and, afterwards, a form similar to amastigotes; however, they also
verified that the parasite seldom survives more than a few days.

It has been seen in the present study that in the kinetics the presence
of specific bands occurs: one with MW around 45 kDa throughout the
process (lines 1 to 6) and another heterodispersed band from 63 to 59
kDa during the period from 24 to 72 hours. There is yet another band
with MW of 70 kDa at 72 hours that remains until 144 hours. These
bands would be in accordance with the presence of amastigote and
promastigote forms throughout the kinetics, as may be seen in the
photos; Figures 1A, 1B and 1C during the first 72 hours, the inoculated
promastigote forms should be transformed into amastigote-like forms
adhering to the cell membranes. According to other authors5,28 the
presence of a GP63 could show the Leishmania adherence to the cells.
These forms diminish in quantity and enter the cells when the 70 kDa
band becomes evident and this would be equivalent to the shock protein
(hsp70) which induces the transformation of the promastigote into
amastigote forms at 37 °C28. Meanwhile the presence of promastigotes
in extra-cellular medium at 37 °C on the 5th day (at 120 hours) is a
rather obscure point that needs further study to come though to a more
adequate conclusion regarding this transformation. According to
BEETHAM et al.5 the GP46 should be present in greater concentration
in the procyclic promastigotes during the logarithmic phase of growth,
while in the stationary phase the presence of the metacyclic form would
be commoner and the intense exchange of the surface protein GP46
should occur often.

The GP63 and the lipophosphoglycan (LPG) are two other surface
molecules also involved in metacyclogenesis29. These molecules would
be associated for the protection of promastigotes against decomposition
by the complement, favoring the phagocytosis process by the
macrophage9,28 which strengthens the clearer presence of a band with

a MW of approximately 63 kDa in the two first lanes of Figure 3B and
if Figures 1A and 1B can be associated it is observed that a larger
concentration of Leishmania adhered to the surface of the cell
membrane.

Other heterodisperse band of MW 50 and 55 kDa was observed
that matches with strong alterations in cellular morphology. It has not
yet been possible to identify if this band would be linked to the tumoral
necrosis factor (TNF)7 which is an important marker involved in the
process of Leishmania infection in macrophages, but this is a hypothesis
worth to be tested in future studies.

In further study the same growth kinetics will be evaluated in the
quest for a better characterization of the markers liberated during the
kinetics in the extra-cellular medium as there is no possible doubt
about the relationship between these biochemical markers and the
morphologic alterations observed in L. chagasi.

Concrete results which allow several aspects of Leishmania in vitro
to be questioned and identify the McCoy cell lineage as a possible and
promising model to follow Leishmania development and growth have
been achieved by this research project.

RESUMO

Cinéticas de crescimento do ciclo da Leishmania (Leishmania)
chagasi em cultura de células McCoy

Cinéticas de crescimento de Leishmania realizadas in vitro após a
internalização da forma promastigota na célula e a ocorrência da
transformação do parasito na forma amastigota foram descritas por
vários autores, seja com a utilização de explantes de macrófagos em
células de baço de hamster ou atualmente da célula de linhagem de
macrófago humano U937. Aliando a microscopia à descrição das inter-
relações morfológicas e à síntese de moléculas específicas foi possível
esclarecer pontos sobre a biologia do parasito.

O presente estudo mostra o acompanhamento do ciclo de
crescimento da Leishmania chagasi em uma cinética realizada com
células de linhagem McCoy, no período de 144 horas.

Durante o processo, as transformações morfológicas foram
reveladas pela reação de imunofluorescência indireta (RIFI) e as
moléculas liberadas no meio extracelular foram observadas pelo método
de SDS-PAGE, em intervalos de 24 horas no período de 144 horas.

Observou-se que nas primeiras 72 horas, a forma promastigota da
L. chagasi fica aderida à membrana das células com aspecto
arredondado (amastigota-like). Em 96 horas as células infectadas
apresentaram alterações morfológicas; em 120 horas, as células
liberaram, para o meio extracelular, antígenos fluorescentes solúveis;
e em 144 horas foram observadas novas formas alongadas dos parasitos
como se fossem promastigotas. No SDS-PAGE, proteínas com pesos
moleculares específicos são observadas em cada ponto da cinética,
mostrando que a célula McCoy parece mimetizar o macrófago e que
pode ser um modelo útil para o estudo da infecção do binômio
leishmânia/célula.
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