Clin Exp Immunol 1996;105450-455

Cytotoxicity in patients with different clinical forms of
Chagas’ disease

C. I. BRODSKYN*, A. BARRAL*, M, A. BULH(5ESJ[, T. SOUTOT, W. C. MACHADO' &
M. BARRAL-NETTO** *Servigo de Imunologia andLServi_,(D de Cardiologia, Hospital Prof. Edgar Santos, Universidade Federal
da Bahia (UFBA), anJLIMI-Centro de Pesquisas Goalo Moniz, Fundaéo Oswaldo Cruz (FIOCRUZ), Bahia, Brazil

(Accepted for publication 10 May 1996)

SUMMARY

There are few studies on cell-mediated cytotoxicity in human Chagas’ disease. In the present study, we
evaluated peripheral blood mononuclear cell (PBMC) cytotoxicity activity from chagasic patients with
different clinical forms of disease. To verify the cytotoxic response, we performed cell lysis assays
using ®'Cr-labelled K562 cells as targets. Results are reported as lytic units=(bUmber of cells
required for 30% lysis) per million PBMC. Exposure of patients’ PBMJ tgpanosoma cruzntigen

led to an increase in cytotoxic activity compared with unstimulated patient cells against K562.
Asymptomatic cardiomyopathy patients had higher response8 £35-0 LU/10° PBMC; meant s.d.)

than indeterminate (1% + 3-6 LU/10°) and symptomatic cardiomyopathy-8zt 2:5 LU/10%). Normal

control PBMC stimulated witf. cruziantigen had 86 + 1-31 LU/10° PBMC against K562. Addition of
recombinant interferon-gamma (IFN-did not lead to significant increase in cytotoxicity in any group of
patients. On the other hand, recombinant human IL-12 significantly increased cytotoxic responses from
symptomatic cardiomyopathy patients and normal controls who presented low levels of cytotoxicity
induced byT. cruziantigen. The combined use of IL-12 and a neutralizing anti-fFahtibody did not
change IL-12-induced cytotoxic responses, showing the direct role of this cytokine on natural killer (NK)
cells. NK cells were the main cells responsible for the lysis of K562 target cells as evidenced by testing
cell subsets following magnetic cell sorting. These data demonstrate that chagasic patients with different
clinical forms of disease have PBMC which respond toruziantigen with a cytotoxic response, and this
response is up-regulated by IL-12.
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INTRODUCTION immune response has been shown in parasitic infections. An
important role for cytotoxic CD8 cells has been shown in malaria
[4,5], murine leishmaniasis [6,7] and toxoplasmosis [8]. We have

d’:\lso reported the presence of cytotoxic cells in the peripheral blood
of patients with cutaneous and mucosal leishmaniasis [9]. Deple-

Chagas’ disease, caused by the protozoan par@sjfganosoma
cruzi, is a major health problem in Latin America, where an
estimated 18 million people are infected and an additional 9

million are at risk of infection [1]. Most patients survive the initial . L . .
[1] P Eon of CD8" cells in mice infected witfT. cruzihas been shown to

acute stage of the infection, but some go on to develop the Chroni|ncrease susceptibility to acute infection and abolish the protective
manifestations of the disease years later. Morbidity and mortality, L P y . p
mmunity induced by amattenuated vaccine [10]. Moreover, recent

in patients with chronic Chagas’ disease is secondary to af . 7 . ; - .
inflammatory cardiomyopathy with attendant arrhythmias, Con_;)]ibshel\rvatlons [tllbll] |?d:ﬁ?tetfh;:g-rzg:ggIgbzlr:n—g]eflmer;t mt|ce aref th
duction defects, congestive heart failure and/or thromboemboli%igegsseuscep e tointection, a € during the acute stage ot the
events [2,3]. ' . . L
Immunity against protozoa has traditionally been thought to There are few studies on cell-mediated cytotoxicity in human

depend exclusively on COA helper functions controlling B cell Chagas’ disease. Cytotoxic mechanisms may be implicated in

(i.e. antibody) and lymphokine-mediated effector mechanisms.either protective aspects by impairing the intracellular parasite

Recently, the importance of CD8lymphocytes in the host multlpllc_atlon, or in pa_thol_oglcal mechaplsms contributing to the
destruction of myocardial fibres or other infected cells.
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Table 1. Main features of patients with Chagas’ disease

Clinical
Group* findings Patient No. ECG Chest x-ray Echocardiogram
1l None 1 LBBB Normal Normal
2 LBBB Cardiomegaly ND
3 Normal Cardiomegaly Sclerosis of the aortic valve
4 Normal Ventricular hypertrophy ND
5 LBBB Normal Left ventricular dysfunction
1 Congestive 6 RBBB+ LAHB Cardiomegaly ND
heart failure
7 PVB+ RBBB Cardiomegaly ND
8 LBBB Cardiomegaly ND
9 LVH + LAE Cardiomegaly ND
10 PVB Cardiomegaly ND
11 Sinus bradi or tachycardia Cardiomegaly Sinoatrial block
12 RBBB+ LBBB Cardiomegaly ND
13 PVB+ RBBB + LAHB Cardiomegaly ND
14 Atrial fibrilation Cardiomegaly ND
15 LBBB + PVB Cardiomegaly Artificial pacemaker
16 LBBB Cardiomegaly ND
17 PVB+ RBBB Cardiomegaly Sinoatrial block atrial arrythmia

All patients in Group | (indeterminate) had no clinical findings and negative test results.

*Group I, asymptomatic cardiomyopathy patients; Group Ill, symptomatic cardiomyopathy patients.

RBBB, Right bundle branch block; LBBB, left bundle branch block; LAHB, left anterior hemiblock; PVB, premature ventricular beats; LAE, left atrial
enlargement; LVH, left ventricular hypertrophy.

against K562 cells using. cruziantigen for T cell stimulation. We Committee on Human Rights of the Hospital Univensad&Edgard
have also evaluated the role of IL-12 and interferon-gamma (IFN-Santos (University of Bahia).
~) by adding these exogenous products in this antigen-driven

cytotoxic system.
Y y Reagents

All cytokines were human recombinant products. IFNa gift

from Dr Maud Brandley, Institute Roussel Uclaf, Paris, France)
PATIENTS AND METHODS was used at 40 U/ml; IL-12 (a gift from Dr Stanley Wolf, Genetics
Institute, Cambridge, MA) was used at 500 U/ml. Anti-IENVioAb
(kindly provided by Dr Robert Coffman, DNAX Research Insti-

A detailed evaluation, including a complete physical exami-y o paio Alto, CA) was used at 2@/ml. All reagents were free of
nation, electrocardiogram (ECG), chest x-ray and echocardiograr’qandotoxin as indicated by the manufacturers.

was performed in each patient. Clinical diagnosis was confirmed
in all patients by laboratory tests (serology by ELISA and
immunofluorescence). Patients’ findings are summarized iParasite and antigen

Table 1. Soluble antigen was prepared from the 12SF straif afuzi[12].
According to these results, patients were divided into threegriefly, epimastigotes cultivated in liver-infusion tryptose (LIT)
groups: (i) indeterminate: patients with a positive serologyTor medium were washed three times in PBS, re-suspended in PBS

cruzi but no signs or symptoms of Chagas’ disease as well agyith 10°/ml epimastigotes, and rapidly frozer70°C) and thawed
absence of cardiac alterations (normal ECG, normal chest x-ray37°C) six times. This material was centrifuged (16 @Cfor
and normal echocardiogram); (i) asymptomatic cardiomyopathy:10 min, after which the supernatant was collected, the protein

patients with absence of clinical complaints but with evidence ofcontent was determined by Lowry’s method, adjusted to 1 mg/ml
alterations in the echocardiogram or ECG, such as: (a) first degregnd stored at-20°C.

A. V. block; (b) second degree A. V. block; (c) total A. V. block;

(d) right bundle branch block; (e) left bundle branch block; (f)

intraventricular block; (iii) symptomatic cardiomyopathy: those Effector cells

with congestive heart failure (alterations in ECG, chest x-ray andPatients’ PBMC were obtained from heparinized venous blood

or echocardiogram). over a Ficoll-Hypaque gradient. Cultures were performed in RPMI
Indeterminate patients and those with asymptomatic1640 (Geco, Grand Island, NY) supplemented with 2m.-

cardiomyopathy were seen in the Out-Patient Clinic of the Hospglutamine, 100 U/ml penicillin, 10Qg/ml streptomycin and 10%

Univ. Prof. Edgard Santos. Symptomatic cardiomyopathy patienthieat-inactivated pooled AB serum, at a concentration ofi@f

were hospitalized at the same institution. Informed consent wasells/ml and stimulated witfT. cruzi antigen (1Qug/ml) for 5

obtained from all patients, and the study was approved by theays at 37C and 5% CQ® in a humid incubator.

Patient selection and characterization
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Table 2. Effect of Trypanosoma cruzantigen alone or combined with IFi-on the cytotoxic activity of Chagas’ disease patients’ peripheral blood
mononuclear cells (PBMC) against K562 target cells

Lytic units/million PBMC (geometric meatit s.e.m)*

Patient group Age (years) n Unstimulated Tc Ag IFN-~v1 + Tc Ag
Indeterminate (1) 33-47 5 2+ 2:34 115+ 36 135+ 21
Asymptomatic cardiomyopathy (I1) 35-52 5 - 23+ 2:2 378+ 50 362+ 38
Symptomatic cardiomyopathy (Il1) 34-66 10 22+ 2:0 78+25 135+ 32
Normal volunteers 37-42 4 R+ 27 436+ 131 765+ 1-63

*Comparisons among different conditions in the same group of patients (in rows): repeated measukefllowed by Tukey's test. Group |,
unstimulatedx Tc Ag P < 0-05; Group I, unstimulateck Tc Ag P < 0-001; Group lll, unstimulateck Tc Ag P < 0-001. In all groups of patients
Tc Ag x Tc Ag+ IFN-y P > 0-05.

tEpimastigote lysate used at £6/ml.

tRecombinant human IFN-used at 40 U/ml for 5 days in culture.

Tumour target cells CD4, CD19, CD33 antibodies of mouse IgG1 isotype to label non-
Target cells were prepared from suspension cultures of the natur&lK cells and mixed with colloidal supermagnetic microbeads
killer (NK)-susceptible tumour cell line K562 (American Type recognizing mouse IgG1. The stained material was passed through
Culture Collection, Rockville, MD) maintained in RPMI 1640 with separation column. Unstained material passed through the column
10% fetal calf serum (FCS). Target cells were radiolabelled byfrom the magnetic source. The purity of the populations obtained
suspension at a concentration of t@lls/ml in medium containing  after purification was confirmed by flow cytometry analysis
200uCi/ml of ®1Cr sodium chromate (Instituto de Pesquisa Ener-(FACScan, Becton Dickinson, Mountain View, CA), using
gética e Nuclear, Sa Paulo, Brazil) for 90 min at 3T. After MoAbs anti-CD8, CD4, CD3 and CD56 labelled with PE or FITC.
washing three times they were re-suspended in medium at ¥e obtained 90% of purity in T CDand CD§ cell populations
concentration of 4« 10* cells/ml. and 82% purity in relation to NK cell populations.

Cytotoxicity assay

Radiolabelled tumour target cells, atx210° cells/well, were
dispensed in 50l aliquots into wells of round-bottomed microtitre
plates (Corning, Corning, NY), and incubated in RPMI 1640

Statistical analysis

Curves for determining Iytic units in each experiment were

calculated from dose-response determinations with four different

medium with 10% FCS with different numbers of effector cells Efg;el\(/l:t((:)rc. te;rtg(])et_cragosé:y smzlee In:fz;r rzwegdresslg)ni Cr:)rpopé::esé)r;s tgf

(ranging from 3:1 to 100: 1 effector : target ratio) for 4 h at@Gy c yt xic resp hseshw re pertor d nfog lra stor ; a d

and 5% CQ in a humid incubator. Cells were incubated for 4 h omparisons among the three groupfs and controls were periorme
by one-wayanova followed by Tukey’s test. Comparisons among

allowing for target lysis. Supernatants were harvested (Skatron

Instruments, Harvesting Press, Dolasletta, Norway) and radio(_jn‘ferent conditions in the same group of individuals were made by

activity counted using a gamma counter (Beckman, Meridenrepeated measuresiova followed by Tukey's test. In all tests,

CT). Percent specific lysis was calculated using the formula:,P < 0:05 was considered significant.

100 x ((experimental release spontaneous release)/(maximum

release- spontaneous releagejor a mean of ftriplicate wells. RESULTS

Spontaneous release was obtained by target cells in the presence

of medium alone, and maximum release by addition-dfOHC/. Cytotoxicity against tumour target cells

Specific cytotoxicity is expressed in lytic units. One lytic unit was Cytotoxic responses of the three groups of patients, as well as

defined as the number of cells required for 30% specific target lysimormal volunteers, are shown in Table Prypanosoma cruzi

(determined from dose—response curves with0-95), and results  antigen stimulation induced the highest increase in cytotoxic

are expressed as number of lytic units per million PBMC. response in asymptomatic cardiomyopathy patients. A cytotoxic
response of @ 4+ 2-:2 LU/million PBMC in unstimulated cultures
increased to 38 + 5:0 LU/million PBMC (P < 0-001) following

Separation of different cells populations responsible for cytotoxicityantigen stimulation in these patients. Indeterminate individuals

Unfractionated PBMC were stimulated with. cruzi antigen  (2:4 £ 2:4 versus11-5 4 3-:6 LU/million PBMC for unstimulated

(10ug/ml) for 5 days in a humid atmosphere with 5% £0O andT. cruzi antigen-stimulated cultures respectively;< 0-05)

These cells were then separated by magnetic cell sorting (Minand patients with symptomatic cardiomyopathy-22 0-3

Macs Miltenyi Biotec, Sunnyvale, CA). The material was first versus7-8 + 2-5 LU/million PBMC for unstimulated and. cruzi

magnetically stained using MoAbs conjugated to magnetic beadantigen-stimulated cultures respectivety< 0-001) also increased

(Macs microbeads). Magnetic staining was done directly withtheir cytotoxic activity in response to antigen stimulation.

specific Macs microbeads for CD4and CDS subpopulations. Trypanosoma cruzantigen did not stimulate PBMC from

In order to separate NK cells, we used negative enrichment Nkhormal individuals (2 + 2-7 versus4-36+ 1-31 for unstimu-

cell isolation kit. Cells were labelled with a cocktail of anti-CD3, lated and antigen-stimulated cultures, respectivéty> 0-05).
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Table 3. Effect of IL-12 on Trypanosoma cruzantigen-stimulated cyto- 50
toxic activity of peripheral blood mononuclear cells (PBMC) from sympto- E
matic cardiomyopathy patients against K562 target cells r
> 40
Q2 -
Lytic units/million PBMC 3 L
o 30
Patient no. Unstimulated Tc Ag* IL-%2+ Tc Ag % C
“
5 L
8 24 52 71 = 20 -
12 03 17 77 I r
16 04 50 143 & 10F
17 0 08 156 L \L
Normal control$ 034+ 056 144+ 1-68 1047 + 1-66## of | | A
100:1 30:1 10:01 3:01
*Epimastigote lysate used at 1@/ml. E:T ratio
tRecombinant human IL-12 used at 500 U/ml. ) ) o o )
tMean+ sd. (n=5). Fig. 2. Phenotype of cells responsible for cytotoxicity activity against K562

§IL-12 without antigen gave -85+ 1-91LU/A¢ (not significant in tumour_targgt cells. Peripheral blood mononuclear c_ell§ (PBMC) from
comparison with IL-12+ T.cruzi Ag). chagasic patients were stimulated wittypanosoma cruzantigen (1Qug/
ml) for 5 days followed by cell subset separation using Mini Macs magnetic
sorting (see Patients and Methods). Natural Killer (NK) cells present
Addition of bovine serum albumin to patients’ PBMC at a cytotoxic response similar to total cells. Results from one out of three
concentration similar to that used fdr. cruzi antigen did not  similar experiments, with cells from three different patients, are shillyn.

induce cytotoxic responses (data not shown). PBMC; O, CD4'; A, CD8; ©, NK.

Rolg .Of IFN+ in the cytotoxic response . . PBMC from normal donors, without antigen, led to an increase
e ol 6 o 0 S e .1 YA Esponses agans K2 g s 005)
city in any group of patients (Table 2) _In order to investigate _|f t_he effegt of IL-12 on the cyto_—

' toxic response was due to indirect action through the production
of IFN-y we added anti-IFNy MoAb to IL-12-stimulated
cultures. Cells from three symptomatic cardiomyopathy patients
were stimulated withT. cruzi antigen (1Qug/ml) and IL-12
(500U/ml) in the presence of anti-IFN-antibody (2Q:g/ml)
for 5 days and tested against K562 tumour target cells. No
significant change was observed with the use of the anti4FN-
MoAb (Fig. 1).

Role of IL-12 in the cytotoxic response

Freshly isolated PBMC from four symptomatic cardiomyopathy

patients (shown in Table 1) were stimulated withcruziantigen

(10ug/ml) during 5 days with or without IL-12 (500 U/ml) and

cytotoxic activity was measured against K562 target cells. IL-12

significantly increased = 0-005) T. cruziantigen-induced cyto-

toxic responses of PBMC from symptomatic cardiomyopathy

patients (Table 3). However, this effect was also observed in

normal individuals. The addition of rlL-12 to the culture of Phenotype of cells responsible for cytotoxicity against tumour cells
To determine the phenotype of cells responsible for the cytolytic
activity, cells subsets were obtained by magnetic sorting, and

60 tested against K562 target cells. A representative experiment out
E of three (Fig. 2) shows that CD4and CD8 T cells were not able
o 50 ;_ to kill target cells, while NK cells still presented cytotoxic response
S 40F similar to total cells. Similar results were obtained with cells from
& E asymptomatic cardiopathy or indeterminate patients (data not
S 30F shown). The purity of the NK cell population was checked by
= E flow cytometry analysis using FITC- or PE-labelled anti-CD56 and
§ 20— anti-CD3 MoAb. Cells with the CD56/CD3 NK phenotype
- 10 - corresponded to 82% of purified cells.
0]
! 2 8 DISCUSSION
Patients

] ] o ) The results of the present study demonstrateThatuziantigen is

F'gr; 1 Evaluatlc;n of the_part'c_"_)a“o: of }LFN'IOEI thz IL—12—me(|J|ated i able to stimulate cytotoxic activity of PBMC from patients with

enhancement of cytotoxic activity. Peripheral blood mononuclear ce sChagas’ disease. PBMC from indeterminate or asymptomatic

(PBMC) from symptomatic cardiomyopathy patients were stimulated - . . f
cardiomyopathy patients are more active as cytotoxic effectors

with Trypanosoma cruzantigen (1Qug/ml) and IL-12 (500 U/ml) in the . . .
presence of anti-IFN-antibody (2Q:g/ml) for 5 days and tested against against tumour target cells than cells from symptomatic cardio-

K562 tumour target cells. The neutralization of IFNdid not change the ~ Myopathy patients. It is difficult to distinguish whether the
cytotoxic activity. Each pair of bars represents a different patiint_-12; decreased cytotoxic response is implicated in the development of
0, IL-12 + anti-IFN-y. LU, Lytic units. cardiac pathology, by allowing parasite growth, or if a previously
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higher response is modulated in the later stages of diseaseatients’ cytotoxic responses to autologolis cruziinfected
It is also possible that decreased cytotoxic activity in PBMC macrophages.

from cardiac patients represents a compartmentalization of the

response following recruitment of responsive cells to the heart.
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