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Summary

Studies were carried out aiming at comparing the uptake of the three
evolutionary stages of Trypanosoma cruzi by mouse peritoneal macrophages,
influenced by specific immunosera. Incorporation of T. cruzi by macrophages
was time dependent. In absence of antibody, trypomastigotes are forms more
effectively incorporated by macrophages. Pre-incubation of macrophages with
specific sera against each of the T cruzi morphological stages was followed by
an increase in the uptake of amastigotes and trypomastigotes but not of epimastigotes.

Our results show that amastigotes. in comparison with the other T cruzi
forms, are more actively phagocytized in presence of specific serum.

Key words: macrophages; Trypanosoma cruzi; phagocytosis; specific sera;
differences in the evolutionary stages of parasite.

Introduction

Cell-mediated immunity plays an important role in resistance to infection
by Trypanosoma cruzi. the causative organism of Chagas' disease or American
trypanosomiasis (Gobie. 1970). The participation of macrophages is not yet
fully understood. In vitro studies on the interaction of macrophages and T cruzi
showed that slender forms of the Y strain were 20 to 30 fold more infective than
the stout forms of CL strain (Alcantara and Brener. 1978).

The ability of T cruzi to enter, survive and multiply inside macrophages is

still unclear. Experiments in this area made use of epimastigote and trypomastigote

developmental forms (Dvorak and Schmunis. 1972; Kress et al.. 1975;
Nogueira and Cohn. 1976. 1977; Williams et al.. 1976; Williams and Reming-
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ton, 1977). To date, no studies have been reported describing the interaction c

macrophages with amastigotes. the intracellular stage of T. cruzi. This is proba

bly due to the difficulty in obtaining a sufficient number of tissue-free amasti

gotes (Leon et al, 1979).
The present work aims at the comparative study of the uptake of thre<

evolutionary stages of T. cruzi by mouse peritoneal macrophages as influencée

by specific antisera.

Materials and methods

Organism. Trypanosoma cruzi (Y strain) cells were obtained as follows: epimastigotes wen

grown in Roux bottles containing 100 ml of Warren liquid medium (Warren. 1960); amastigote:

were isolated on day 7 from liver and spleen of heavily infected mice (Leon et al.. 1979): trypomastigotes

were isolated from mice bled on the 7th day of infection (Villalta and Leon. 1979). Cells were

washed three times in Hanks solution and resuspended in the same solution to a concentration ol

1 x 10* cells/ml.
Specific serum. Nine rabbits were inoculated (i.v.) with 1 x 108 cells of each T. cruzi developmental

stage suspended in phosphate saline buffer (pH 7.2). After 30 days the group inoculated with

epimastigotes. was reinoculated with the same suspension by the same route. Antibody titers were

evaluated as described previously (Schmunis et al., 1972) using the Direct Agglutination test (DA).
with or without previous treatment with 2-mercaptoethanol (2-ME) (DA and 2-MEDA. respectively),

and by the Indirect Immunofluorescence (IIF) (Alvarez et al.. 1968) using fluorescent rabbit

anti-immunoglobulin (Cappel Laboratories). For serum titrations, the corresponding T. cruzi

developmental stage was used as antigen fixed with 1.0% formaldehyde. Rabbits inoculated with

trypomastigotes and amastigotes were bled by heart puncture after 30 days, those inoculated with

epimastigotes were bled after 30 days from the second reinoculation.

Specific sera were prepared as follows: anti-amastigote serum 1 ml) with titers of 1:2048 DA

and 1:512 (2-MEDA) was incubated at 37° C for 2 h and at 4° C for 12 h with 10» formalde-

hyde(10%)-fixed trypomastigotes and epimastigotes. Agglutinated parasites were removed by
centrifugation 10.000 rpm/30 min). The adsorptions of the anti-amastigote serum were repeated until

the serum presented no reaction by indirect immunofluorescence using as antigen the trypo- and

epimastigote forms of the parasite. Anti-trypomastigote serum with titers of 1:4096 (DA) and 1:2098

(2-MEDA) was absorbed with amastigotes and epimastigotes. and anti-epimastigote serum 1:2098

(DA) and 1:256 (2-MEDA) was absorbed with amastigotes and trypomastigotes. at the same

proportion as described above. The evaluation of the specificity of these sera was similarly done by

indirect immunofluorescence using as antigens the two other developmental forms of the parasite.

Normal sera was adsorbed with the three developmental forms of the parasite in the same way as

above described.
Final specific sera had the following titers as determined by immunofluorescence : 1:512. 1:32.

and 1:32 for the antisera against trypomastigote. amastigote and epimastigote. respectively.

Macrophages. Peritoneal macrophages were collected from inbred C3H mice weighing 20- 25

g. which had been injected with 1 ml of 4.05% thioglycollate medium without carbonate (Difco). 4

days before the experiment.
Immediately after sacrificing the animals with ether, their peritoneal cavities were washed

with 5 ml of Hanks solution containing glucose 1 g/1) and heparin 10 units/ml). Approximately 0.3

ml of this exudate containing 5 x 10" macrophages/ml was dispensed on microscope slides (Lay and

Nussenzweig. 1968). Slides were incubated for 45 min at37°C to allow adherence of cells onto the

glass surface. After pouring off the supernatant, slides were washed with 0.01 M phosphate buffer

+ 0.15 M sodium chloride (PBS). pH 7.2.

Phagocyteisis. Macrophages were incubated for 20 mm at 37° C with 0.1 ml of specific serum
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Fig. 1. Kinetics of phagocytosis of the three evolutive stages of Trypanosoma cruzi by mouse
peritoneal macrophages. Phagocytosis of amastigotes (A), trypomastigotes (B) and epimastigotes (C).
•—• macrophages + 7". cruzi; o o macrophages pre-incubated with normal serum + T
cruzi; A— a macrophages pre-incubated with specific serum + T. cruzi. Specific sera were
diluted in Hanks solution to 1:32 (A), 1:512 (B); and 1:32 (C). Normal serum was not diluted.

or normal serum diluted with Hanks solution to 1:512 (u-Tryp). 1:32 (a-Am). 1:32 (a-Epi). After
incubation, macrophages were rinsed with PBS and incubated with 0.1 ml of T. cruzi suspension at a
ratio of about 5 cells per macrophage. Parasites were kept in contact with macrophages at 37° C for
30. 60. 90 and 120 min. Slides were then rinsed with PBS. fixed with 2.5% glutaraldehyde in 0.1 M
phosphate buffer, pH 7.2 for 30 min, and Giemsa-stained.

Evaluation of results. The percentage of macrophages containing 7". cruzi was determined by
random microscopical examination of at least 200 cells. The average number of intracellular parasites

per infected macrophage was also determined.
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Table 1. Kinetics of phagocytosis of Trypanosoma cruzi by macrophages in presence of specific

antibodies

Serum Macrophages with amastigotes (%)

30 min 60 min 90 min 120 min

NA-1

NRSb
a-AMc

5.3 ±0.8
7.0 ±0.5

10.3 ±1.0

7.3 ±0.8
10.7± 1.2

15.2 ±0.8

29.2 ± 1.3

32.2 ±1.7
61.5 ±2.3

30.8 ±2.2
35.8 ±2.5
61.0± 1.5

Serum Macrophages with trypomastigotes (%)

30 min 60 min 90 mm 120 min

NA
NRS
a-TR"

9.5 ±1.0
12.2 ± 1.5

16.3 ± 1.0

25.6±1.3
29.6 ±1.3
46.5±1.0

42.2± 1.3

46.6 ±0.8
55.5 ±1.0

42.5 ±2.0
47.6± 1.9

55.0± 1.5

Serum Macrophages with epimastigotes (%)

30 min 60 min 90 min 120 min

NA
NRS
a-Er*

7.3 ±0.8
8.6± 1.0

10.5 ±1.0

24.0 ±1.3
26.1 ±1.5
27.0±1.3

28.5±2.0
35.0± 1.5

35.1± 1.5

29.6±2.5
36.2±2.5
39.3 ± 1.0

" No addition
b Normal rabbit serum not diluted
L Specific anti-amastigote serum diluted to 1:32
J Specific anti-trypomastigote serum diluted to 1:512

Specific anti-epimastigote serum diluted to 1:32

Amastigotes: The effect of NRSb compared with NAJ at 30'. 60' and 120'. p<0.001: at 90'.

p <0.005. The effect of a-AMc compared with NRSb at 30'. 60'. 90' and 120': p <0.001.

Trypomastigotes: The effect of NRS compared with NA at 30'. 60'. 90' and 120': p<0.001. The

effect of a-TRd compared with NRS at 30'. 60'. 90' and 120'; p<0.001.

Epimastigotes: The effect of NRS compared with NA at 30'. p <0.01: at 60'. 90' and 120'. p < 0.001.

No significant difference between u-EI* and NRS at 60'. 90'. and 120'.

All analysis by Student's t-test.

The phagocytic index was calculated according to Bianco et al. (1975) by multiplying the

percentage of infected macrophages by the mean number of parasites per infected macrophage.

Results were evaluated according to the Student's t-test (Snedecor and Cochran. 1967) and

chi-square analysis (Dunn. 1964).

Results

Incorporation of three developmental stages of 7^ cruzi by macrophages

was time dependent as shown in Fig. 1 and Table 1. When macrophages were

not pre-incubated with specific antibodies the maximum uptake of the T cruzi
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Table 2. Effect of serum concentration on the phagocytosis* of Trypanosoma cruzi

Forms of Serum dilutions Parasites per Percentage of Phagocytic
T. cruzi macrophage infected

macrophages
index

Amastigote Anti-serum not diluted 3.2±0.2** 62.7 ±2.4 200.2 ± 5.8J

1:100 3.3±0.2 59.7 ±0.8 196.8±9.5a
1:320 2.8±0.2 46.2 ±2.0 127.7 ±8.8"
NRS 2.2 ±0.1 35.8 ±2.5 78.9 ±8.4

Trypomastigote Anti-serum not diluted 3.1 ±0.3 56.0± 1.5 173.8 ±18.4b
1:5200 2.9±0.2 46.6± 1.9 136.7 ±9.9b
NRS 2.2 ±0.1 47.6± 1.7 107.9 ±7.3

Epimastigote Anti-serum not diluted 1.6±0.1 39.5± 1.7 65.6 ± 3.0e

1:320 1.6±0.2 37.3±0.8 60.9±5.7C
1:3200 1.7 ±0.1 36.3 ±0.8 61.8±4.9C
NRS 1.6±0.1 38.5 ±1.6 61.6±2.5

* Data obtained after 120 min incubation
** Mean ± SD (three independent determinations)
NRS Normal rabbit serum (not diluted)
dp <0.005 compared with their respective control (NRS) by chi-square analysis
bp<0.005 compared with their respective control (NRS) by chi-square analysis
There are no significant differences between c and their respective control (NRS) by chi-square
analysis.
There are no significant differences in the percentage of infected macrophages with their respective
control (NRS) in the epimastigote form, as determined by chi-square analysis.

forms occurred after 90 min (Fig. 1). After 30 min of interaction, few macrophages

contained parasites. After 90 min. 30% of macrophages contained
amastigotes and epimastigotes and 42% contained trypomastigotes (Table 1). Macrophages

pre-incubated with normal rabbit serum were equally ineffective.
Pre-incubation of macrophages with specific sera was followed by an

increase in the uptake of amastigotes and trypomastigotes. At high antibody
concentration the percentage of infected macrophages increased although the
mean number of amastigotes and trypomastigotes per macrophage did not
change (3 per cell): epimastigotes were phagocytized at a rate of 2 cells per
macrophage (Table 2). Amastigotes. in comparison with other T. cruzi forms,
are more effectively taken by macrophages in presence of the corresponding
specific serum.

The effect of specific antt-epimastigote and anti-trypomastigote sera on the
phagocytosis of the amastigote form was the same as that observed with normal
serum. Similarly phagocytosis of both trypomastigotes and epimastigotes. was
not altered in presence of the specific sera against each one of the other forms of
the parasite.
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Discussion

Previous studies (Alcantara and Brener. 1978; Milder et al.. 1973; Nogueira
and Cohn. 1977: Sanderson and De Souza. 1979) and the present data have

demonstrated that epimastigotes and trypomastigotes are phagocytized by

macrophages. Additionally, our results show for the first time that amastigotes.
the intracellular stage of T. cruzi are also ingested by macrophages.

The kinetics of phagocytosis varied according to the morphological stage of
T. cruzi. A somewhat linear uptake of trypomastigotes by macrophages was

observed. Amastigotes and epimastigotes were not so promptly interiorized.
These data suggest possible differences in the T. cruzi surface constituents which
are important in phagocytosis (Rabinovitch. 1970). Previous studies concerning
binding of cationized ferritin and measurement of cellular electrophoretic
mobility (De Souza et al., 1977) as well as involving cytochemistry and freeze-

fracture (De Souza et al., 1978) have shown differences in the cell surface of
epimastigotes and trypomastigotes.

As expected, antibodies, which bind to macrophage receptors (Griffin et

al.. 1976). enhance the uptake of the parasites in general. We observed,
however, that the phagocytosis of epimastigotes was not stimulated by the specific
antiserum, as compared to that of trypomastigotes and amastigotes. This could
be related to the lateral mobility of membrane components which is well known
as an important factor for phagocytosis (Bar-Shavit and Goldman. 1976). In

fact, recent work showed that amastigotes and trypomastigotes but not epimastigotes,

capped their surface antigens in the presence of antibodies (Kloetzel
and Deane, 1977; Leon et al., 1979; Schmunis et al.. 1978) or lectins (Szarfman
et al., 1980; Villalta et al.. 1980).
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