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Introduction

Chronic Chagas heart disease (cChHD) is defined as a car-
diomyopathy with focal or disseminated inflammatory infil-
trates, cardiac muscle destruction and progressive fibrosis
caused by chronic infection with the protozoan parasite Try-
panosoma cruzi [1,2]. Autoimmune responses against the
B1-adrenergic receptor (B1-AR) have been proposed to be
involved in the pathogenesis of this cardiac disease [3-5].
Our findings indicate that antibodies directed against the
ribosomal P2f protein of T. cruzi (TcP23) were able to cross-
react with and stimulate the P1-AR. This reactivity was
attributed to the highly antigenic acidic epitope present on
the C-terminal end of the parasite ribosomal protein, named
R13 (EEEDDDMGFGLEFD), which bears similarity to an
acidic motif (AESDE) on the second extracellular loop of the
B1-AR [6-8]. Indeed, the functional effect of these autore-
active antibodies has been demonstrated using a classic
pharmacological assay, considered the gold standard for
assessment of anti-cardiac receptor antibody specificities,
based on primary culture of neonatal rat cardiomyocytes [7].
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Summary

Chronic Chagas heart disease (cChHD), a chronic manifestation of the
Trypanosoma cruzi infection, is characterized by high antibody levels
against the C-terminal region of the ribosomal P proteins (i.e. peptide
R13, EEEDDDMGFGLFD) which bears similarity with the second
extracellular loop of Pl-adrenergic receptor (B1-AR, peptide H26R
HWWRAESDEARRCYNDPKCCDFVTNR). Because it has not been demon-
strated clearly that IgGs from cChHD patients bind to native human f1-AR,
the aim of this study was to investigate further the physical interaction
between cChHD IgGs and the human B1-AR. Immunofluorescence assays
demonstrated the binding of these antibodies to the receptor expressed on
stably transfected cells, together with a B1-AR agonist-like effect. In addition,
immunoadsorption of the serum samples from cChHD patients with a com-
mercially available matrix, containing peptides representing the first and the
second extracellular loop of the P1-AR, completely abolished reactivity
against the H26R peptide and the physiological response to the receptor. The
follow-up of this specificity after in vitro immunoadsorption procedures sug-
gests that this treatment might be used to diminish significantly the serum
levels of anti-B1-AR antibodies in patients with Chagas heart disease.

Keywords: autoantibodies, B1-adrenergic receptor, chronic Chagas heart
disease, immunoadsorption, Trypanosoma cruzi

Because IgGs with strong anti-B1-AR reactivity are associ-
ated with ventricular arrhythmias (VA) in cChHD [9,10], it
has been suggested that their catecholamine-like action may
play a major role in the pathophysiology of cChHD [3,6-8].
In experimental models, mice immunized with recombinant
TcP2P protein that, in most cases, elicited anti-R13 anti-
bodies with concomitant B1-adrenergic stimulating activity
presented supraventricular tachycardia accompanied by pre-
mature death [8,11]. The pathogenic effect of this type of
antibodies was confirmed by passive transfer of an anti-R13
monoclonal antibody (MoAb 17-2) [7] and its recombinant
version, scFv C5 [12]. Both antibodies induced supraven-
tricular tachycardia in recipient animals [7,12].

The presence of antibodies against B1-AR has also been
described in idiopathic dilated cardiomyopathy (IDC)
[13,14]. Recently, Jahns et al. obtained evidence from experi-
mental animal models implying a significant role of the
cardiac B1-AR as a pathophysiologically and clinically rel-
evant autoantigen in human IDC [15,16]. Interestingly,
immunoadsorption of this type of antibody with a matrix
containing peptides representing the first and the second
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extracellular loop of the PB1-AR, namely the Coraffin
column, led to restoration of cardiac function, suggesting
that this type of treatment could be used as a novel thera-
peutic alternative for cChHD patients with VA [17,18].

In contrast to anti-B1-AR autoantibodies in IDC [15,16],
it has not yet been demonstrated unambiguously that
neither IgGs from cChHD patients nor human immunopu-
rified anti-R13 antibodies interact physically with native
human BI-AR. Accordingly, the aim of this study was to
explore further the interaction between cChHD IgGs and
this adrenoceptor. Our results demonstrate a clear binding of
these antibodies to the mentioned receptor in a cellular
setting, and show that they act as B1-AR agonists. The
follow-up of this specificity after in vitro immunoadsorption
procedures suggests that this treatment might be used in the
future to decrease the serum levels of anti-B1-AR antibodies
in patients with Chagas’ disease.

Materials and methods

Reagents

Dulbecco’s modified Eagle’s medium (DMEM), DMEM:F12
(F-12), geneticin (G418 sulphate), penicillin G, streptomycin
sulphate, Lipofectamine™ reagent and pcDNA-3-1 eukary-
otic expression vector carrying the NEO gene were obtained
from Invitrogen Gisco (NY, USA). Bradford reagent was
purchased from Bio-Rad (Hercules, CA, USA). Nitrocellulose
Hybond C membranes, I-[4,6-propyl-*H]dihydroalprenolol
[(DHA), 359 TBg/mmol, 97-0 Ci/mmol] (-)-[’H]CGP-
12177 (1-92 TBg/mmol, 52-0 Ci/mmol) and cAMP enzyme
immunoassay (EIA) were purchased from Amersham Phar-
macia (London, UK). Coraffin matrix was obtained from
Fresenius Medical Care Affina GmbH (Berlin, Germany).
Peroxidase conjugated anti-human IgG (H +1), atropine,
DL-propranolol  hydrochloride (-)-isoproterenol  (+)-
bitartrate salt (ISO) and bisoprolol were purchased from
Sigma-Aldrich (St Louis, MO, USA). Texas red-labelled goat
anti-mouse IgG (H +1) and goat anti-human IgG labelled
with fluorescein isothiocyanate (FITC) were purchased from
Jackson ImmunoResearch (Baltimore, USA).

Patient population

Serum samples were obtained from 32 patients with cChHD
and 20 healthy individuals recruited initially at the Ramos
Mejia and Fernandez Hospitals, Buenos Aires, Argentina.
The patients were then classified according to the severity
of heart disease. Group I consisted of 20 patients with ven-
tricular arrythmia (VA), group II comprised 10 patients with
other rhythm disturbances and group III included two
asymptomatic patients. Healthy individuals (HI) made up
the control group. The study protocol complied with the
Helsinki Declaration and was approved by the Committee
for Ethical and Legal aspects of Research (CELAR) of the
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Instituto de Investigaciones en Ingenieria Genetica y Biolo-
gia Molecular, Buenos Aires, Argentina.

Synthetic peptides

Peptides R13 (representing C-terminal region of TcP2f3) and
H26R (representing a region of the second extracellular loop
of the human B1-AR) were synthesized as described previ-
ously [7].

Monoclonal antibodies

MoAb M16 raised against H26R peptide was prepared as
described in Mobini et al. [19]. Both MoAbs 17-2 against R13
peptide and 40-14 against a central epitope of TcP2f} were
prepared as described by Mahler et al. [7].

Human IgG fractions

The IgG fractions from 32 ¢cChHD patients and 20 healthy
individuals (HI) were prepared as described by Mahler [10].
Protein concentration was determined by Bradford reagent
and expressed as total IgG concentration (mg/ml).

Enzyme-linked immunosorbent assay (ELISA)

ELISA was performed as described previously [5,10]. Briefly,
T. cruzi epimastigote lysate (50 pg/well), recombinant glu-
tathione S-transferase (GST)-TcP2 protein (2 pg/ml) and
both R13-bovine serum albumin (BSA) (1 uM) or H26R
(10 uM) peptides were coated overnight at 4°C in 0-05 M
bicarbonate—carbonate buffer (pH 9:6). Bound IgG fractions
(dilution 1/50-1/200) were detected with peroxidase-
conjugated anti-human IgG (H +1) at 37°C for 1 h. Cut-off
values were determined as described in [10]. Sera with ratio
values above the cut-off line were considered positive for
antigens.

For competition ELISA, IgG fractions in an appropriate
dilution [yielding an optical density (OD) of 1-0] were
preincubated with peptide concentrations ranging from 0
to 625uM for 1 h at room temperature under agitation
and then added to the R13-BSA or H26R-coated plate as
described previously.

Characterization of IgG fractions from cChHD patients

Immunoreactivities of sera, IgG fractions and immunopuri-
fied antibodies were assessed against T. cruzi lysate, the
recombinant ribosomal P protein TcP2f and its derived R13
peptide by ELISA. Table 1 shows the prevalence of antibodies
in the different cChHD patient groups. All sera from patients
included in groups I and III showed reactivity against T. cruzi
lysate, TcP2f3 and R13 peptide, while only 40% of patients
from group II presented reactivity against these antigens. No
reactive antibodies were detected in HI.
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Table 1. Prevalence of anti-Trypanosoma cruzi antibodies present in IgG fractions from chronic

Chagas heart disease (cChHD) patients.

% Prevalence

T. cruzi TcP2B R13
AV c¢ChHD (group I) 100 100 100
(n=20)
Other rhythm disturbances cChHD (group II) 40 40 40
(n=10)
c¢ChHD asymptomatic (group III) 100 100 100
(n=2)
HI 0 0 0

(n=20). Reactivity pattern of IgGs from cChHD patients (n = 32) against T cruzi lysate, P2

protein and its derivate R13 peptide. The prevalence of specific antibodies was determined by

enzyme-linked immunosorbent assay, considering the optical density values obtained for sera of HI
(n=20) (see Materials and methods). HI: healthy individuals.

Affinity purification of anti-R13 antibodies

Anti-R13 antibodies from ¢ChHD patients were purified
with GST-TcP2p coupled to circular nitrocellulose Hybond
C membranes, as described previously [10]. Antibody reac-
tivity against TcP2f and R13 peptide was detected by ELISA.

Immunoadsorption

Immunoadsorption was performed in six sera from cChHD
patients with strong anti-1-AR reactivity. Sera were immu-
noadsorbed with 400 ul of Coraffin matrix (Fresenius
Medical Care Affina GmbH) for 1 h at 4°C and the IgGs were
eluted by glycine-HCI 1 M (pH 2-8). The remaining activity
against H26R peptide was tested by ELISA. The Coraffin
matrix contains two different peptide ligands: PDCM349
peptide is related to the first extracellular loop and
PDCMO075 peptide to the second extracellular loop of the
B1-AR [20].

Stable transfection of COS-7 and CHO-K1 cells

COS-7 and CHO-K1 cells were cultured in DMEM and F12
supplemented with 10% fetal bovine serum (FBS) (Natocor,
Cordobu, Argentina), penicillin G (100 units/ml) and strep-
tomycin sulphate (100 pg/ml) and kept in a humidified 5%
C0O./95% air atmosphere at 37°C.

pBC expression vectors containing the human B1-AR
cDNA were kindly provided by Dr R. J. Lefkowitz (Duke
University, Durham, NC, USA). The ¢cDNA was subcloned
into pcDNA-3-1 mammalian expression vector. One g of
B1-pcDNA3-1 plasmid was mixed with lipofectamine in
accordance with the manufacturer’s instructions. Cells were
selected for resistance to Geneticin. Cell lines stably express-
ing B1-AR were obtained by limited dilution of resistant
cultures and screening for B1-AR expression by indirect
immunofluorescence (IIF) assay and radioligand binding on
whole cells. For this study, we selected transfected COS-7 and
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CHO-K1 cell lines named hereafter B1-COS-A3 and
B1-CHO-F10. Non-transfected COS-7 and CHO-K1 cells
and cells transfected with the original transfection vector
were used as negative controls.

Ligand binding assays on whole cells

The expression of B1-AR and K}, values were determined by
saturation binding assay on whole cells. Stably transfected
B1-COS-A3 or B1-CHO-F10 cells were incubated with
[*’H]-DHA at different concentrations (0-023—-60 nM) for 2 h
at 4°C. After incubation, cells were washed with ice-cold
phosphate-buffered saline (PBS) and then lysed by incuba-
tion with 0-25M NaOH and 1% sodium dodecyl sulphate
(SDS). Finally, the cells were assayed for [’H] and protein
concentration.

Receptor density was 0-380 = 0-032 pmol/mg of protein
for COS and 0-412 * 0-027 pmol/mg of protein for CHO
cells, and for stably transfected cells receptor density was
1-230 £ 0-070 pmol/mg of protein for B1-COS-A3 and
1-540 = 0-080 pmol/mg of protein for B1-CHO-F10. The Ky,
values were 8-:90 £ 1-80 nM and 29-50 £ 2:90 nM for
1-COS-A3 and B1-CHO-F10, respectively.

Binding competition experiments were carried out at a
single concentration of [’H]-DHA (2-5 nM) or [’H]-CGP-
12177 (2-5nM) and with different concentrations of
DL-propranolol ranging from 107 to 10~ mol/l. As expected
for the B1-AR, DL-propranolol displays a Ki value consistent
with those reported by others [21,22] (data not shown). For
both assays, non-specific binding was determined in the
presence of 10 uM DL-propranolol and was less than 15% of
total binding with [’H]-DHA (2-5nM) and 10% with
[PH]CGP-12177 (2:5 nM).

Immunofluorescence assay

The assay was performed on both monolayers f1-COS-A3
or BI-CHO-F10 cells grown on glass coverslips. Prior
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to immunofluorescence, cells were washed twice with ice-
cold PBS pH 7-4 and fixed with formaldehyde 3-8% (v/v).
Residual formaldehyde was quenched by addition of 0-02 M
glycine in PBS pH 7-4. Each manipulation was preceded by
washing the cells three times in PBS, 0-05% Tween 20. After
blocking in PBS—-BSA 5%, the cells were treated with: MoAb
MI16 (150nM), MoAb 172 (150nM), IgG fractions
(150nM) and immunopurified anti-R13 antibodies
(150 nM). Bound antibodies were detected by fluorescence
using FITC-labelled goat anti-mouse IgG (H+1) diluted
1:100 (v/v) for MoAbs and with a goat anti-human
IgG labelled with FITC diluted 1:100 (v/v) for human
IgGs. Images were obtained using a Zeiss confocal micro-
scope LSM-510 system with a highly corrected objective
(C-Apochromat x 40 numerical aperture 1-2 under water)
and processed by Image Browser 3-0.

cAMP accumulation assay

B1-COS-A3 and P1-CHO-F10 cells (~10°/well) were
seeded in 96-well culture plates 24 h before stimulation,
washed with PBS and then incubated with 1 ml of Hanks’
balanced medium buffer containing 10 mM HEPES plus
100 uM isobutylmethylxanthine (IBMX) to block 3,5-
cyclic adenosine monophosphate (cAMP) hydrolysis for
30 min at 37°C. cAMP levels were measured after incuba-
tion with 1 uM isoproterenol (ISO), 150 nM MoAbs and
150 nM IgGs for different times at 37°C. The total cellular
cAMP content was determined using the commercial
cAMP enzyme immunoassay (Amersham Pharmacia).
cAMP concentration was expressed as pmol of cAMP/mg
of protein. Results were from duplicates of three indepen-
dent experiments.

Internalization assay

BI-AR internalization was determined using [*H]CGP-
12177, a hydrophilic B-AR ligand, as described by Hupfeld
and Staehelin [23,24]. Briefly, transfected cells were treated
with either 150 nM MoAbs and 150 nM IgG fractions for the
indicated times at 37°C. The reaction was stopped by
washing with ice-cold PBS. Thereafter, cells were incubated
with 2-5nM [*H]-CGP-12177 in binding buffer (DMEM,
20 nM HEPES) for 4 h at 4°C. Receptor internalization was
defined as the percentage reduction in surface receptors fol-
lowing agonist stimulation, relative to matched control cells.
For all assays, 10 uM DL-propranolol was used to define
non-specific binding.

Measurement of beating frequency of neonatal rat
cardiomyocytes

Cardiac myocytes were prepared from 2—4-day-old neonatal
Sprague-Dawley female rat hearts by the enzymatic method
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and the functional assay was performed as described previ-
ously [10].

Data analysis

Unless indicated otherwise, all experiments were repeated
at least three times. The results from each representative
experiment are presented in the figures and tables. The data
are given as mean * standard deviation (s.d.) of the
replicates. The maximal number of binding sites (Bpx)
and Kp were calculated by non-linear regression, with
r>0-90 as a criterion for acceptability of the data using
Graphpad Prism (GraphPad Software Inc., San Diego,
CA, USA).

Results

Physical interaction between IgGs and human f1-AR

After transfection of [B1-COS-A3 and [1-CHO-F10
cells with the human B1-AR, we used the anti-B1-AR
MoAb M16 [19] to assess the stable expression and local-
ization of the receptor by indirect immunofluorescence
(ITF). Figure la,b shows that the human B1-AR was
localized primarily on plasma membrane, forming a
smooth rim around the cell and a punctuated labelling
inside the cytoplasm, which may be due to receptor clus-
tering and/or high receptor density in vesicles. MoAb 17-2,
directed against the C-terminal epitope of TcP2 (R13
peptide), presented a similar pattern, albeit less intense,
whereas MoAb 40-14, directed against an internal epitope
of TcP2P, did not react with these cell lines (Fig. 1a).
Staining was not observed in non-transfected cells (data
not shown).

In order to determine interaction between IgG fractions
from cChHD patients with the B1-AR, IgGs were incubated
with the transfected cells. The presence of anti-B1-AR IgGs
was revealed by a staining pattern similar to that described
above for MoAb M16 (Fig. 1a). Interestingly, 20 of 32 differ-
ent IgG fractions showed a positive reaction with the f1-AR
by immunofluorescence (Fig. 1c). These 20 IgG preparations
also induced a positive chronotropic effect on neonatal rat
cardiomyocytes, indicating complete agreement between
both different tests (Table 2). On the other hand, only 16 of
the 20 B1-AR reactive IgGs reacted with the H26R peptide in
ELISA (Table 2).

In order to confirm that the physical interactions of
cChHD IgGs with the BI1-AR were due, at least in part, to
the presence of antibodies against the C-terminal end of
TcP2B, we immunopurified anti-R13 antibodies from four
patients with high anti-R13 antibody levels (p3, p14, pl7,
p20). These immunopurified antibodies showed a strong
receptor-specific immunostaining pattern on the surface
of the cells, similar to those obtained with total IgG fractions
(Fig. 1c). No staining was observed with IgGs from cChHD
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Fig. 1. Immunofluorescence of B1-adrenergic receptor (AR) on stably transfected cells. (a) Micrographs analysis of stably transfected $1-COS

and B1-Chinese hamster ovary (CHO) cells, showing the immunostaining pattern with monoclonal antibodies (MoAbs) M16, 17-2 and 40-14.
(b) Selected clones, both f1-COS-A3 and B1-CHO-F10, stained with MoAb M16. Images taken by confocal microscopy and computer-generated
cross-sections displayed on the top (x—z plane) and on the right (y—z plane) showed that f1-AR was distributed primarily on the plasma membrane

of the selected clones. These images are representative of six separate experiments. (c) Physical interaction between IgGs from chronic Chagas heart
disease (cChHD) patients with B1-AR. f1-CHO-F10 were incubated with immunopurified anti-R13 antibodies (R13 antibodies), IgGs that did not
possess anti-B1-AR reactivity (NR) or IgG fractions from healthy individuals (HI). (d) Stably transfected $1-CHO-F10 cells were incubated with
either MoAb M16 or immunopurified anti-R13 antibodies (p3, p14) in the presence or absence of H26R peptide. Bar, 10 pm.

patients that do not possess anti-B1-AR reactivity, nor with
IgG fractions from healthy individuals (Fig. 1c, Table 2).

Preincubation of either MoAb M16 or immunopurified
anti-R13 antibodies (p3 and p14) with H26R peptide abol-
ished the immunostaining on B1-COS-A3 cells, as shown in
Fig. 1d, confirming the specificity of this interaction. Similar
results were obtained with total IgG fractions from cChHD
patients (data not shown).
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cAMP accumulation induced by IgGs from cChHD
patients

To substantiate further the ability of both IgG fractions and
immunopurified anti-R13 antibodies to interact with $1-AR
and activate adenylate cyclase, we measured receptor-
dependent accumulation of cAMP in B1-COS-A3 and
B1-CHO-F10 cells.
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Table 2. Correlation between P1-adrenergic receptor (AR) recognition and functional effects induced by IgG fractions from chronic Chagas heart

disease (cChHD) patients.

IIF
ELISA B1-COS-A3 Functional
Patient H26R and B1-CHO-F10 assay
AV cChHD (group I) pl + + B1-AR
p2 + + B1-AR
p3 +H+ + B1-AR
p4 - + B1-AR
p6 + + B1-AR
p8 ++ + B1-AR
p9 ++ + B1-AR
pl10 - + B1-AR and M2-Ch
pll + + B1-AR and M2-Ch
pl2 ++ + BI-AR
pl3 ++ + B1-AR
pl4 +++ + B1-AR
pl5 ++ + B1-AR and M2-Ch
pl7 +++ + B1-AR and M2-Ch
pl8 - + B1-AR and M2-Ch
p20 ++ + B1-AR
p21 + + B1-AR and M2-Ch
p25 - + B1-AR and M2-Ch
p26 + + B1-AR and M2-Ch
p27 + + B1-AR and M2-Ch
Prevalence (%) 80 100 100
Rhythms disturbance cChHD (group III) p5 - - M2-Ch
p7 - - M2-Ch
plé - - n.a.
p19 - - n.a.
p22 - - n.a.
p23 - - M2-Ch
p24 - - n.a.
p28 - - n.a.
p29 - - n.a.
p30 - - M2-Ch
Prevalence (%) 0 0 0
Asymptomatic cChHD (group III) p31 - - n.a.
p32 - - n.a.
Prevalence (%) 0 0 0

Reactivity pattern of IgGs from cChHD patients (n = 32) against H26R peptide by enzyme-linked immunosorbent assay (ELISA), considering the
optical density (OD) values obtained for sera of healthy individuals (HI) (n = 20) (see Materials and methods).—: OD < 0-2; +: 0-2—0-4; 4++: 0-4—0-6; +++:
> 0-6. Immunofluorescence on B1-AR stably transfected cells and functional assay on neonatal rat cardiomyocytes were performed as described in

Materials and methods; n.a.: no activity.

The long-lasting increment of cAMP induced by anti-
B1-AR antibodies contrasts with the f1-agonist ISO effect,
as ISO induced a fast AMPc accumulation (Fig.2a).
Maximal response to anti-B1-AR was obtained 60 min after
stimulation with different 1gG fractions and MoAb M16
(Fig. 2a).

Figure 2b shows that both MoAb M16 and MoAb 17-2
induced an increase in cAMP that was abolished by prein-
cubation of these MoAbs with H26R and R13 peptides,
respectively, confirming the specificity of each interaction.
As expected, no effect was observed with MoAb 40-14.
Moreover, IgG fractions reactive against the B1-AR as

© 2007 The Author(s)

assessed by IIF and the cardiomyocyte assay, also induced
cAMP accumulation in B1-COS-A3 cells (Fig. 2¢), confirm-
ing that these antibodies stimulate the B1-AR. Immunopu-
rified anti-R13 fractions also induced an increase on basal
cAMP levels. This indicates clearly that anti-R13 antibodies
contribute to the functional effect of the IgG fractions
described above. Moreover, it is noteworthy that these
effects were dose-dependent (Fig. 2¢ and inset). No cAMP
accumulation was observed for IgG fractions with no func-
tional activity on cardiomyocytes, nor with IgG fractions
from healthy individuals (HI, n=20) (Fig.2c). The
response of BI1-CHO-F10 cells to different stimuli was
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three independent experiments carried out in

triplicate.

similar to that observed with B1-COS-A3 cells (data not
shown).

B1-AR internalization

We examined the effect of antibodies on B1-AR internali-
zation and compared it with the agonist-induced
internalization. The number of B1-ARs remaining on the cell
surface after stimulation was determined by hydrophilic
antagonist [*H]-CGP-12177 binding on whole cells. When
B1-CHO-F10 cells were stimulated with 1 uM ISO (5 min:
7 *1-8%, 60 min: 353 =2:9%) a substantial time-
dependent decrease in the number of receptor molecules was
registered (Fig. 3, inset). Stimulation of $1-CHO-FI10 cells
with MoAbs M16 and 17-2 also caused a decrease in the
number of B1-AR: 23-1 = 2:7% and 15-8 = 1-5%, respec-
tively (Fig. 3). No changes were observed in the total number
of receptor molecules when incubated with MoAb 40-14
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(Fig. 3).1gG fractions caused a decrease in cell surface B1-AR
of 8 £ 2% (Fig.3). Similar results were obtained using
B1-CHO-F10 cells (data not shown).

Immunoadsorption of anti-B1-AR antibodies from
serum samples of cChHD patients

Because removal of autoantibodies against the B1-AR by
immunoadsorption has been proposed as a potential therapy
for improvement of left ventricular function in IDC [39,40],
we tested the use of the Coraffin matrix (see Materials and
methods) to deplete anti-B1-AR antibodies from serum
samples of cChHD patients. Samples of six cChHD patients
(p3, p8, p9, pl4, pl7, p20) were selected due to their
strong reactivity against T. cruzi lysate. They presented
a strong response to TcP2P protein, R13 and H26R peptides
and a clear positive anti-B1-AR pattern as determined by
IIF (Table 2). The reactivity of antibodies retained by the
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Fig. 3. Effect of IgGs on B1-adrenergic receptor (AR) internalization.
B1-Chinese hamster ovary (CHO)-F10 cells (~ 2 pmol of 1-AR/mg
of protein) were treated with isoprotenerol (ISO), monoclonal
antibody (MoAb) M16, MoAb 17-2 and IgG fractions for 1 h. The
IgGs-promoted internalization was measured by assessing the
proportion of B1-binding sites accessible to the hydrophilic ligand
[*H]-CGP-12177 and expressed as percentage internalization, as
described in Material and methods. Inset: f1-CHO-F10 cells were
incubated in the presence or absence of ISO.

Coraffin matrix, as well as those in the flow-through frac-
tion, were assessed. IgGs from the different flow-through
fractions showed a strong decrease of reactivity against
H26R peptide and had no ability to increase the beating rate
of rat cardiomyocytes, and did not react with 1-COS-A3
and B1-CHO-F10 cells (Fig. 4). In contrast, IgGs eluted from
the captured fractions possessed reactivity against H26R, as
assessed by ELISA, IIF and functional assays, which were
similar to those measured for the initial serum preparations
(Fig. 4). This is shown for patient p3 in Fig. 4b. The deple-
tion of B1-AR antibodies by treatment with the Coraffin
matrix was demonstrated by IIF on B1-AR stably transfected
cell lines and by cardiomyocyte assays.

Discussion

The existence of autoantibodies to surface structures of heart
tissues has been a matter of controversy in the field of
Chagas’ disease [25,26]. Initial findings have been contested,
although consistent results were obtained from pharmaco-
logical studies [27]. Direct molecular evidence for the pres-
ence of such autoreactive antibodies was difficult to obtain
because tissues and cells used to record their presence
contain a variable and/or not clearly defined population of
different G protein-coupled receptors. In this work, we
determined conditions in which stably transfected B1-AR-
expressing cell lines, named 1-COS-A3 and 1-CHO-F10,
could be used to detect anti-B1 antibody specificities. As
shown in Fig. 1c, for the first time we were able to demon-
strate direct binding and hence physical interaction of
human IgG fractions from cChHD patients, including
immunopurified anti-R13 antibodies with the human
B1-ARin a cellular setting. Notably, the reactivity assessed by
ITF was in complete agreement with results obtained for each
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of the IgG preparations using functional assays and per-
formed better than ELISA using H26R peptide as reactive
reagent (Table 2).

Stably expressing B1-COS-A3 and B1-CHO-F10 cells
proved to be efficient tools to study the functional effects of
antibodies from patients with cChHD. The transfected
receptor maintained its biochemical and signal transduc-
tion properties as demonstrated after ISO treatment, cAMP
assay (Fig.2) [28-30]. Our results show that human IgG
fractions and immunopurified anti-R13 antibodies possess
the ability to increase cCAMP levels in these cell lines, just as
observed by incubation with murine antibodies such as
MoAbs M16 and 17-2 (Fig. 2). Altogether, these data indi-
cate that antibodies developed during Chagas’ disease not
only bind, but also induce activation of $1-AR by a mecha-
nism involving the molecular signalization pathway elicited
by B1-AR agonists.
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Fig. 4. B1-Immunoadsorption sera from chronic Chagas heart disease
(cChHD) patients. (a) Coraffin immunoadsorption. Enzyme-linked
immunosorbent assay reactivity of Coraffin immunoadsorbed sera
from cChHD patients with strong anti-B1-adrenergic receptor (AR)
reactivity. Results represent the difference between the total reactivity
before immunoadsorption (100%), the flow-through fraction
reactivity and the captured fraction reactivity of these IgGs.

(b) Chronotropic effect of serum p3. The specificity of this effect was
studied by subsequent addition of the M2-ChR antagonist atropine
and the B1-AR antagonist bisoprolol. Upper panel, immunostaining
pattern of serum p3: before immunoadsorption (a), flow-through
fraction (b) and captured fraction (c).
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Furthermore, these cells allowed an initial evaluation of
receptor internalization levels induced by cChHD antibodies
and murine MoAbs. Figure 3 shows that exposure of
B1-COS-7-A3 cells to different MoAbs induced a lower
internalization effect than the agonist ISO [31-33]. The low
level of internalization shown by human IgG fractions seem
to be in agreement with results obtained by Wallukat et al.,
who demonstrated the lack of short-term desensitization of
beta adrenergic activation cascade by anti-B1-AR antibodies
from IDC patients [34].

Previous experiments performed in mice, such as immu-
nization with T. cruzi ribosomal P proteins, indicated that an
antibody response against parasite epitopes may be patho-
genic by exerting a direct adrenalin-like effect on cardiac
rhythm [11,12]. Similarly, chronic adrenergic stimulation
mediated by antibodies may have a cardiotoxic effect resem-
bling that caused by catecholamines, which induce cardiac
changes similar to those observed in Chagas’ disease, namely
induction of microfocal lesions associated with a mono-
nuclear cell infiltrate with increased involvement of the left
ventricle, and particularly the left ventricular apex [35].
Indeed, an immunological response against f1-AR provoked
by immunization with peptides derived from the second
extracellular loop of this receptor caused structural damage
to myocardial cells and tissue [36,37]. Jahns et al. were able
to demonstrate the potential pathogenic significance of
autoantibodies targeting cardiac B1-AR in a passive transfer
experiment performed with rats [38]. That these experimen-
tal models reflect the pathogenic relevance of this type of
antibody is supported by the fact that in T. cruzi-infected
individuals these antibody specificities correlate with cardiac
rhythm disturbances and disorders [9,39]. Because immu-
noadsorption of circulating anti-B1-AR antibodies has been
found to improve myocardial performance in patients with
IDC [18,40,41], it can be hypothesized that removal of cir-
culating antibodies may lead to an improvement of cardiac
symptoms in cChHD patients. Our in vitro immunoadsorp-
tion experiments indicate that the commercially available
Coraffin matrix, containing peptides representing the first
and the second extracellular loop of B1-AR, was able to
deplete anti-B1-AR antibodies from serum samples of
cChHD patients and that B1-COS-A3 and B1-CHO-F10 cell
lines are appropriate diagnostic reagents to follow this
procedure. In general, our results demonstrate that IIF assays
based on stably transfected cells are well suited for monitor-
ing the anti-B1 adrenergic reactivity of sera from cChHD
patients.

In summary, this work provides direct evidence that
B1-AR was recognized specifically by antibodies developed
during cChHD. This physical interaction may explain the
pathogenic role of these antibodies and at least some of the
electrical manifestations in the myocardium of chronically
infected patients. We also showed that it may be possible to
remove these antibodies by immunoadsorption with a
commercially available matrix. Further experiments are
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needed to confirm that this procedure may be an efficient
therapeutic tool for cChHD patients with cardiac complex
arrhythmias and measurable levels of circulating B1-AR
antibodies.
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