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Abstract

Chronic Chagas heart disease (CCHD affects about 30% of patients with chronic Chagas disease (CCD). Systemic arterial
hypertension (SAH) afflicts about 25% of patients with CCD. The association of CCHD with SAH (CCHD-SAH) predis-
poses patients to develop chronic heart failure. The role of cytokines in disease progression in patients with CCHD-SAH is
unknown. Accordingly, the aim of this study was to evaluate the plasma levels of cytokines expressing the Th1, Th2, Th17
pattern, as well as Treg cytokines, TNF-alpha, IL-1p, IL-8, IL-7 in patients with SAH-CCHD to get insight into the immu-
nomodulation process in patients with this condition. Fifteen patients with CCHD, 22 patients with CCHD-SAH, and 28
controls were studied. All patients underwent history-taking, physical examination, 12-lead resting ECG, chest X-ray, and
Doppler-echocardiogram. Ten of 15 (66%) patients with CCHD, and 16 of 22 (73%) patients with CCHD-SAH had decreased
left ventricular ejection fraction (p >0.05). Cytokines levels were performed on plasma samples using the ELISA method.
Overall, proinflammatory, anti-inflammatory, and regulatory cytokine levels were increased in patients with CCHD-SAH
in comparison to patients with CCHD and controls. However, such a difference was higher regarding IL-2, IL-5, IL-17,
IL-12, and TNF-alpha cytokine levels, respectively. Cytokine levels were higher in CCHD patients in comparison to controls.
Patients with CCHD-SAH have increased plasma levels of pro-inflammatory, anti-inflammatory, and regulatory cytokines
in comparison with CCHD patients, thus suggesting a higher level of immunomodulation in patients with CCHD-SAH.
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Introduction

Discovered more than one century ago, Chagas disease
still is a major health problem in South America. In fact,
almost six million people are carriers of the disease, and
about 70 million people are at risk of acquiring the illness
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[1]. Chagas disease is no longer confined to South America
because international immigration. About 700,000 infected
individuals live in non-endemic countries, mainly in USA
and Europe [2]. The consequence of this infection disease
is an impressive burden on world economy, since more than
US 7 billion are spent with the illness annually [3].

Chagas disease is caused by the protozoan Trypanosoma
cruzi, which is transmitted through humans by the feces of
a kissing bug. Many years after initial infection, usually up
two decades, patients develop chronic Chagas disease. About
20% of them develop chronic Chagas heart disease (CCHD)
[1]. The remaining patients develop either gastrointestinal
disease or remain with a positive serology but no detectable
disease (indeterminate form). CCHD is clinically manifested
by sudden cardiac death [4], chronic heart failure [5], precor-
dial chest pain [6], ventricular dysrhythmias [7], and cardiac
thrombosis and thromboembolism [8].
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In view of the population aging, systemic arterial hyper-
tension (SAH) affects up to 33% of patients with chronic
Chagas disease [9], and SAH is the most frequently comor-
bidity found in patients with this condition [10]. The
clinical characteristics of patients with CCHD and SAH
(CCHD-SAH) are similar to those found in patients with
isolated CCHD [11, 12]. The presence of SAH predisposes
CCHD patients to develop chronic heart failure [13], which
can be found in about 31% of patients with CCHD-SAH
[13]. Interestingly, in patients with chronic heart failure, out-
come is better in CCHD-SAH patients than in those with
CCHD alone [14].

Little is known about the pathogenesis of CCHD-SAH.
Cytokines are believed to play a central role in the patho-
genesis of CCHD. In fact, many studies have shown an
increase in the pro-inflammatory cytokine serum levels in
patients with CCHD [15, 16]. As far as we know, only one
study has determined cytokine serum levels in patients with
CCHD-SAH. In that study, no difference was observed in
the cytokine serum levels among patients with CCHD nor-
motensive patients, CCHD-SAH patients and controls [17].

Cytokines are proteins produced by different cell types
that modulate the inflammatory response, have pleiotropic
functions, play critical roles in multiple immune responses,
and are mainly produced by T lymphocytes. Particularly,
CD4(+) T cells play central roles for adequate protection
against pathogens. Besides the classical Th1 and Th2 differ-
entiation model, several subsets of CD4(+) T cells, includ-
ing Th17, Th9, helper follicular and regulatory T cells (Treg)
have recently been determined [18-20].

Accordingly, the purpose of this investigation was to eval-
uate the plasma levels of cytokines expressing the Th1, Th2,
and Th17 pattern, Treg cytokines, as well as TNF-alpha,
IL-1 Beta, IL-7, and IL-8 in patients with CCHD-SAH in
an attempt to further understand the role of cytokines in the
pathogenesis of patients with this condition.

Methods
Patients

Patients usually treated at the Sao Rafael Clinic, located in
Piumbhi city, in a region where Chagas disease is endemic,
were initially considered for the study. To be included in
the study, patients had to have at least two positive sero-
logical tests for Chagas disease. Patients with a negative
serology, matched by age and sex, served as controls. All
patients underwent history taking, physical examination,
standard laboratory tests, 12-lead resting ECG, X-Ray chest,
and 2-dimensional transthoracic echocardiogram during
the work-up period. Patients with abnormal 12-lead ECG
and/or abnormal echocardiogram were considered to have
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CCHD, and received standard treatment for chronic heart
failure (CHF) in the case of left ventricular systolic dys-
function, i.e., Betablocker therapy and angiotensin convert-
ing enzyme inhibitors (ACEI) or angiotensin receptor block
(ARB). Those with abnormal SAH on admission (systolic
blood pressure > 140 mmHg or diastolic blood pressure
>90 mmHg) and a positive serology were diagnosed with
CCHD-SAH. Patients with positive serology for Chagas dis-
ease, normal systemic arterial pressure upon admission but
with a history of previous SAH, and taking antihypertensive
medications, were also diagnosed as having CCHD-SAH.

All patients provided a written informed consent before
entering the study. The study protocol was approved by the
Ethics Committee of the University of Ribeirdo Preto, Bra-
zil, and the Brazil Platform Ethics Committee authorized
this research (CAAE: 48541715.5.0000.5498).

Laboratory tests

Peripheral venous blood samples were collected from an arm
vein by a trained biomedical technician, using trace metal-
free tubes to obtain the plasma. The samples were frozen
immediately at — 85° before analysis.

Quantitative measurements of cytokines (TNF-o, IFN-y,
IL-1B, IL-4, IL-5, IL-6, IL-10, IL-12, IL-13, IL-8, IL-2,
IL-7, TGF-beta, IL-17 and IL-23) were performed on plasma
samples using the double-ligand/sandwich enzyme-linked
immunosorbent assay (ELISA), as previously described [21,
22]. The cytokine concentration was expressed in pg/ml by
the kit’s standard curve.

Briefly, flat-bottomed 96-well microliter plates were
coated with 100 pL/well of specific antibody to one of the
above cytokines at a concentration of 1-2 pg/mL of coat-
ing buffer and incubated overnight at 4 °C. The plates were
washed with appropriate buffer and incubated for 120 min
at 37 °C with buffer containing 1% bovine serum to prevent
non-specific binding. Standard curves were performed using
recombinant human TNF-«, IFN-y, IL-1p, IL-4, IL-5, IL-6,
IL-10, IL-12, IL-13, IL-8, IL-2, IL-7, TGF-beta, IL-17 and
IL-23. Samples and standards were loaded into wells and
incubated overnight at 4 °C. The plates were thoroughly
washed and the appropriate biotinylated polyclonal or
monoclonal anti-cytokine antibody was added. After 1 h,
the plates were washed 5 times with appropriate buffer fol-
lowed by the addition of avidin-peroxidase diluted 1:5000.
The plates were then incubated for 15 min and thoroughly
washed again. Finally, the chromogenic substrate O-phe-
nylenediamine (OPD) (0.4 mg OPD plus 0.4 uL of H,0,
for 1 mL of substrate buffer) was added, and the reaction
was stopped 15 min later with 1 M H,SO,. The intensity of
the color developed was measured spectrophotometrically
at 490 nm using an ELISA plate scanner.
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The threshold for quantification of the different cytokines
in CCHD and CCHD-SAH patients was determined with the
optical density of 492 nm. A standard curve for determina-
tion of each cytokine was constructed; only values within
the curve sensitivity of 90% were used. The cytokine con-
centration, expressed in pg/mL, was determined by plotting
the optical density obtained against the absorbance curve.
The samples were diluted to 1:2 (50 puL of sample + 50 L
of buffer reaction); the concentration seen on the standard
curve was multiplied for the dilution factor (X 2).

Statistical analysis

Continuous variables are expressed as mean + standard
deviation. The ANOVA test was used for comparison of
continuous variables of cytokine plasma levels in controls,
CCHD, and CCHD-SAH. The Tukey test was used to com-
pare continuous variables between controls and CCHD
patients, and to compare continuous variables between
CCHD and CCHD-SAH patients. In this way, the higher dif-
ference in each cytokine plasma levels between CCHD and
CCHD-SAH was determined. Such a difference was used
to establish the cytokines which were more important in the
immune process in the CCHD-SAH patients. The T test for
unpaired sample was used to compare cytokine plasma lev-
els in patients treated and not treated with ACEI/ARB drugs
in patients with CCHD and in those with CCHD-SAH.
The Chi square test was used to compare the proportion of
patients on ACEI and patients not treated with such drugs in
patients with CCHD and in those with CCHD-SAH. Statisti-
cal comparisons were made using GraphPad Prism version
7.0 (GraphPad Software Inc., San Diego, CA, USA). A p
value <0.05 was considered statistically significant.

Results

Table 1 shows the clinical characteristics of the study popu-
lation. Overall, 26 of 37 (70%) patients were found to have
decreased LVEF. Mean LVEF was 53.5 + 1.35 in patients
with CCHD and 54 +1.60 in patients with CCHD-SAH
(p>0.05). The proportion of patients on ACEI/ARB was 9
out of 15 (60%) patients in the CCHD group, and 14 out of
22 (68%) patients in the CCHD-SAH group (p > 0.05). No
statistical difference was observed between the remaining
clinical characteristics of both groups. Cytokine concentra-
tions in both groups are given in Table 2.

Table 1 Clinical characteristics of Chagas disease patients enrolled in
the study

CCHD (n=15) CCHD-SAH (n=22)
Age (years) 62+2 63+2
Male 11 (73%) 9 (41%)
NYHA /11 14 (93%) 18 (82%)
LAE 4 (60%) 5123%)
RAE 1 (7%) 0
LVH 1 (7%) 0
RBBB 5(33%) 523%)
LBBB 3 (20%) 3(13%)
LAFB 5(33%) 8 (36%)
1st degree AV block 3 (20%) 2 (9%)
Advanced AV block 1 (7%) 0
Pathological Q wave 6 (40%) 3(13%)
LAD (mm) 35+1.3 36+1.5
RVD (mm) 24+1.8 25+14
LVDD (mm) 51+1.2 50+1.3
LVSD (mm) 52+1.6 36+1.7
IVST (mm) 11+£15 14412
LVPW (mm) 11+£1.3 10+1.3
LVEF (%) 535+1.3 54+1.6
Decreased LVEF 10 (66%) 16 (73%)
Abnormal ECG 13 (87%) 17 (77%)

NYHA New York Heart Association functional class, LAE left atrial
enlargement, RAE right atrial enlargement, LVH left ventricular
hypertrophy, RBBB right bundle branch block, LBBB left bundle
branch block, LAFB left anterior fascicular block, AV atrioventricular,
LAD left atrium diameter, RVD right ventricular diameter, LVDD left
ventricular diastolic diameter, LVSD left ventricular systolic diameter,
1VST intraventricular septum thickening, LVPW left ventricular poste-
rior wall, LVEF left ventricular ejection fraction

Th1 cytokines

Th1 cytokine plasma levels profile (INF-gamma, and
IL-12) was increased in patients with CCHD and in those
with SHA-CCHD in comparison to controls (Table 2).
In addition, there was a significant difference between
groups CCHD and CCHD-SAH with regard to all types
of cytokines. However, the higher difference in cytokine
plasma levels between CCHD and CCHD-SAH groups
was related to IL-12. Table 3 summarizes these findings,
whereas Fig. 1 illustrates these features.

Th2 cytokines

Th2 profile cytokine plasma levels (IL-4, IL-10, IL-13,
IL-5) were increased in patients with CCHD and in those
with SAH-CCHD in comparison to controls. There was
also a significant difference between groups CCHD
and CCHD-SAH with regard to all types of cytokines
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Table 2 Cytokine serum levels

. : : . CONTROL (N=28) CCHD (n=15) CCHD-SAH (n=22) p value ANOVA
in patlgnts with chronic Chagas (CCHD x CCHD-
heart d1§ease alont? and in SAH)
those with systemic arterial
hypertension (pg/mL plasma) Thi
IFN-gamma 60+5.58 101 +£7.05* 126 +8.86* <0.01
IL-12 70+8.03 210+£9.02%* 289 +25.0* <0.01
Th2
IL-4 40+6.08 65+5.20%* 95+9.56* <0.01
IL-10 150+5.88 220+£22.27%  276.5+22.30%* <0.01
IL-13 48+3.78 61+3.30* 91.4+10.34* <0.01
IL-5 50+7.53 140+9.65* 207 +12.86* <0.01
Th17
IL-17 75+6.54 137+6.5% 190+17.33* <0.01
1L-23 50+3.60 140 +£7.26* 170+£9.99* <0.01
IL-6 80+11.45 147 +£9.72% 187.5+9.76* <0.01
Treg
IL-2 22+2.40 43 +5.19* 80+9.53* <0.01
TGF-beta 30+2.62 55+3.53% 76+9.01* <0.01
Other cytokines
TNF-alfa 230+30.68 412+22.15% 480+18.81* <0.01
IL-1 beta 50+4.22 134.5+7.14% 176 +8.13* <0.01
IL-8 28+2.16 41.75+3.02% 53+3.88% <0.01
1L-7 1.85+£0.13 2.67+£0.09* 2.92+£0.22% <0.01

controlx CCHD control X CCHD-SAH), CCHD chronic Chagas heart disease patients, CCHD-SAH
chronic Chagas heart disease patients with systemic arterial hypertension

*p <0.01 for each comparison

(Table 2), but such a difference was higher regarding IL-5
(Table 3). Figure 1 illustrates such findings.

Th17 cytokines

Th 17 profile cytokine plasma levels (IL-17, IL-23, IL-6)
were increased in patients with CCHD in comparison to
controls. The same occurred regarding SHA-CCHD patients
in comparison to controls (Table 2). There was also a sig-
nificant difference between groups CCHD and CCHD-SAH
with regard to all types of cytokines. Nevertheless, the dif-
ference was more robust regarding IL-17 plasma levels
(Table 3). Figure 2 illustrate these features.

Treg cytokines

Treg profile cytokine plasma levels (IL-2/TGF-f) were
increased in patients with CCHD in comparison to con-
trols, as well as in SHA-CCHD patients in comparison to
controls. There was also a significant difference between
groups CCHD and CCHD-SAH with regard to all types of
cytokines. Nonetheless, such a difference was higher con-
cerning IL-2. Tables 2 and 3 summarizes these findings,
whereas Fig. 2 illustrates these features.
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TNF-alfa, IL-1 §, IL-8, IL-7 cytokines

TNF-alfa, IL-1 B, IL-8, IL-7 Th2 profiles cytokine plasma lev-
els were increased in patients with CCHD in comparison to
controls. The same occurred regarding SHA-CCHD patients in
comparison to controls. There was also a significant difference
between groups CCHD and CCHD-SAH with regard to all
types of cytokines, but such a difference was higher regarding
TNF-alpha. Table 2 and 3 summarizes these findings, whereas
Fig. 3 illustrates these features.

[1-4 and IL-17 plasma levels were decreased in patients with
CCHD-SAH treated with ACEI/ARB in comparison to those
not treated with such drugs (Table 4). I1-10 plasma levels were
decreased, but IL-23 and Il-1 beta were increased in patients
with CCHD alone treated in comparison to patients not treated
with such drugs (Table 4). No difference was observed in the
remaining cytokine plasma levels between patients treated and
not treated with ACEI/ARB in patients with CCHD and in
those with CCHD-SAH (Table 4).
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Table 3 Comparison of the cytokine plasma levels among controls,
CCHD, and CCHD-SAH patients according to the Tukey test analy-
sis

Tukey analysis Difference p value
Thl
IFN-gamma Control vs CCHD 41.33 <0.01
Control vs CCHD-SAH 65.97 <0.01
CCHD vs CCHD-SAH 24.65 <0.01
IL-12 Control vs CCHD 139.83 <0.01
Control vs CCHD-SAH 219.77 <0.01
CCHD vs CCHD-SAH 79.94 <0.01
Th2
IL-4 Control vs CCHD 24.8929 <0.01
Control vs CCHD-SAH 55.2565 <0.01
CCHD vs CCHD-SAH 30.3636 <0.01
IL-10 Control vs CCHD 69.2048 <0.01
Control vs CCHD-SAH 125.1623 <0.01
CCHD vs CCHD-SAH 55.9576 <0.01
IL-13 Control vs CCHD 13.1014 <0.01
Control vs CCHD-SAH 43.2578 <0.01
CCHD vs CCHD-SAH 30.1564 <0.01
IL-5 Control vs CCHD 89.9667 <0.01
Control vs CCHD-SAH 156.6364 <0.01
CCHD vs CCHD-SAH 66.6697 <0.01
Th17
IL-17 Control vs CCHD 62.0619 <0.01
Control vs CCHD-SAH 115.5195 <0.01
CCHD vs CCHD-SAH 53.4576 <0.01
IL-23 Control vs CCHD 89.7571 <0.01
Control vs CCHD-SAH 119.4026 <0.01
CCHD vs CCHD-SAH 29.6455 <0.01
IL-6 Control vs CCHD 66.2143 <0.01
Control vs CCHD-SAH 106.5325 <0.01
CCHD vs CCHD-SAH 40.3182 <0.01
Treg
IL-2 Control vs CCHD 21.1333 <0.01
Control vs CCHD-SAH 58.5909 <0.01
CCHD vs CCHD-SAH 37.4576 <0.01
TGF-beta Control vs CCHD 24.6548 <0.01
Control vs CCHD-SAH 45.5032 <0.01
CCHD vs CCHD-SAH 20.8485 <0.01
Other cytokines
TNF-alfa Control vs CCHD 182.1929 <0.01
Control vs CCHD-SAH 250.1201 <0.01
CCHD vs CCHD-SAH 67.9273 <0.01
IL-1beta Control vs CCHD 83.25 <0.01
Control vs CCHD-SAH 125.6591 <0.01
CCHD vs CCHD-SAH 42.4091 <0.01
IL-8 Control vs CCHD 13.6214 <0.01
Control vs CCHD-SAH 25.5167 <0.01
CCHD vs CCHD-SAH 11.8952 <0.01
IL-7 Control vs CCHD 0.828 <0.01
Control vs CCHD-SAH 1.0729 <0.01
CCHD vs CCHD-SAH 0.245 <0.01

CCHD chronic Chagas heart disease, CCHD-SAH chronic Chagas
heart disease patients with systemic arterial hypertension

Discussion

The results of this investigation clearly show that patients
with CCHD-SAH have a higher inflammatory response,
expressed by the Thl, Th2, Th17 and Treg patterns, in
comparison with patients with CCHD and with controls.
The difference in cytokine plasma levels in patients with
CCHD-SAH in comparison to CCHD patients was more
pronounced in the plasma levels of the cytokines IL-2,
IL-5, IL-12, IL-17, and TNF-alpha. Moreover, cytokine
plasma levels were higher in CCHD patients in compari-
son to controls. It is important to emphasize that, to our
knowledge, this is the first complete investigation includ-
ing cytokines with pro-inflammatory and anti-inflamma-
tory profiles in patients with CCHD-SAH.

Rodrigues-Angulo and associates [17] have been
measured cytokines serum levels in 14 patients with
CCHD-SAH. They measured the plasma levels of the
cytokines IL-17, IFN-gamma, TNF, IL-4, IL-6, IL-2, and
IL-10. They failed to show differences in the cytokine
serum levels between CCHD-SAH and CCHD patients.
Although we do not have a conclusive explanation for
such differences, in our study, about three-quarter of
CCHD-SAH patients were male, whereas female predomi-
nated in the study by Rodrigues-Angulo et al. [17] It is
conceivable that such differences can account, at least in
part, for the disparity observed in both studies.

Several types of increased cytokines serum levels
with the Thl and the Th17 pattern have been detected
in patients with CCHD. Thus, increased serum levels
of TNF alpha [23, 24], IFN-gamma [25, 26], IL-2 [27,
28], IL-6 [25, 27, 28], IL-9 [25], and IL-12 [27, 29] have
been observed in patients with this condition. Our find-
ings, therefore, confirm the occurrence of such cytokines
abnormalities in the plasma of patients with CCHD, and
expand the current knowledge by showing that IL-5 and
IL-17 may be increased as well. Furthermore, our study
does not lend support to the suggestion that the balance
between Th1/Th2 cytokines favored the immune response
[30] probably because our patients had no or mild chronic
heart failure.

The interplay of autoimmunity, microvascular abnormali-
ties, and autonomic dysfunction may act in concert to pro-
duce CCHD [31]. Myocardial lesions observed in CCHD
are similar to those seen in catecholamine cardiomyopathy
[32]. In this model, increased levels of TGF-beta have been
associated with the production of myocardial fibrosis [33].
TGF-Beta serum levels were more increased in patients with
CCHD-SAH than in patients with CCHD in this investi-
gation. Therefore, our study also suggests a potential role
of myocardial inflammation-induced fibrosis mediated by
cytokines in the pathogenesis of patients with CCHD-SAH.
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Fig. 1 Determination of Thl and Th2 cytokine profile levels in sub-
jects with chronic Chagas heart disease (CCHD), chronic Chagas
heart disease and systemic arterial hypertension (CCHD-SAH) and
controls, expressed as pg/mL plasma. a Plasma Thl (INF-gama/IL-12
levels: The data reveal an increase of these cytokines in Chagas’
patients compared with control subjects (p<0.0001 for each com-
parison). A significant difference was also observed between groups

Another point that has to be addressed is the fact that
patients with left ventricular systolic dysfunction were
treated with ACEI and Betablockers, drugs that produce
beneficial effects in animals infected with 7. cruzi and in
patients with CCHD [34-36], and may antagonize cytokines
action, thus partially explaining the balance observed in
cytokine measurements.

In fact, IL-4 plasma levels were decreased in patients
with CCHD-SAH treated with ACEI/ARB in comparison
to patients not treated with such drugs in our study. Despite
such a decrease in plasma levels produced by ACEI/ARB,
the IL-4 plasma levels continued to be higher than those
observed in CCHD patients and controls. Furthermore, IL-4
were not among the cytokines that more contributed to the
differential cytokine profile in patients with CCHD-SAH.
Therefore, the treatment with ACEI/ARB drugs seems not
to have affected the cytokine profile detected in patients with
CCHD-SAH. However, a prospective, randomized study
addressing this question specifically is necessary to clarify
this matter.

IL-10 plasma levels were increased in CCHD patients
treated with ACEI/ARB in comparison with those not
treated with these drugs. Increased serum levels of IL-10, an
anti-inflammatory cytokine, have been observed in patients
with CCHD, mainly in those without heart failure [37]. Our
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CCHD and CCHD-SAH (INF-gama p<0.0001/IL-12 p=0.0079).
b Plasma Th2 (IL-4, IL-10, IL-13, IL-5) cytokine profile levels: The
data reveal an increase of these cytokines in the plasma of Chagas
patients compared with control subjects (p<0.0001 for each com-
parison). A significant difference was also observed between groups
CCHD and CCHD-SAH (IL-4 p=0.0005/IL-10 p<0.0001/IL-13
p<0.0001/IL-5 p <0.0001)

findings are in accordance with this study, and suggest a
role for IL-10 in the immunomodulation process, thus pro-
tecting against the appearance of CHF in patients with this
condition. The role of decreased plasma levels of IL-23 are
not clear in the context of CCHD, whereas IL-1 beta have
been found to be increased in patients with this condition
[38]. Therefore, the role of ACEI/ARB drugs appears to
contribute to a balance in the pro-inflammatory and anti-
inflammatory cytokine in patients with CCHD, which needs
to be tested in a formal randomized trial.

The striking feature of this investigation is the more
increased plasma cytokine levels observed in patients
with CCD-SAH, particularly IL-2, IL-5, IL-12, IL-17, and
TNF-alpha, in comparison with patients with CCHD alone.
Increased plasma levels of IL-2 have been associated with
Chagas disease [39] as well as with the severity of CHF in
patients with this condition. [26] Our study, therefore, does
not suggest that IL-2 serum levels may be used as a marker
of heart function deterioration in patients with CCHD-SAH
because patients had only minor left ventricular dysfunction.
Further studies are necessary to elucidate such a finding.

Increased IL-5 serum levels have been observed in
patients in the indeterminate form in comparison with
patients with Chagas disease heart failure [39]. The higher
levels of IL-5, an anti-inflammatory cytokine, observed in
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Fig.2 Determination of Th17 and Treg cytokines plasma levels pro-
file in subjects with chronic Chagas heart disease (CCHD), chronic
Chagas heart disease and systemic arterial hypertension (CCHD-
SAH) and controls, expressed as pg/mL plasma. a Plasma Thi17 (IL-
17, IL-23, IL-6) cytokine profile levels: an increase of these cytokines
in the plasma of Chagas patients compared with control subjects is
observed (p <0.0001 for each comparison). A significant difference

patients with CCHD-SAH may suggest the contribution
of this cytokine for the modulation of immune response
in patients with this condition, thus counteracting the pro-
inflammatory activity and avoiding the appearance of severe
cardiomyopathy.

In patients with CCHD, IL-12 plasma levels have been
found to be increased [26, 29], but no correlation with the
severity of heart function impairment have been established.
We also observed a more increased plasma levels of the
cytokine IL-12 in patients with CCHD-SAH in our study.
This fact is consistent with the mild left ventricular systolic
dysfunction observed in such patients.

Another interesting finding was the more increased levels
of the cytokine IL-17 in patients with CCHD-SAH. Some
authors have found this cytokine to produce a protective
effect against the development of severe cardiomyopathy in
patients with CCHD [15, 40], but others have been found
an association with the severity of heart disease. [41]. Our
finding seems to lend support to the association of plasma
levels of Th17 with minor heart disease in patients with
CCHD-SAH. The effect of ACEI/ARB treatment on IL-17
plasma levels requires further studies.

300+
©
T 5
o 2004
-
£
)
£ 100+
©
1
=
0-
(ﬁg 66?
[$) QQ'
&
——
Gbo %v:b
[9) QS)'
00

was also observed between groups CCHD and CCHD-SAH (IL-17
p=0.0001/IL-23 p<0.005/IL-6 p<0.0001). b Plasma Treg (IL-2/
TGF-p) cytokine levels: the data show an increase of these cytokines
in the plasma of Chagas patients compared with control subjects
(p<0.0001 for each comparison). A significant difference was
also observed between the groups CCHD and CCHD-SAH (IL-17
p=0.0001/TGF-p p=0.00037)

TNF-alpha have been correlated with heart failure in
patients with CCHD [42-44], and may precede the appear-
ance of heart failure. [44]. Our study shows that more
increased levels of TNF-alpha can be found in patients
with CCHD-SAH with mild left ventricular dysfunction.
Overall, the higher levels of proinflammatory cytokines
were counteracted by the higher levels of anti-inflam-
matory and regulatory cytokines, and this might have
protected patients with CCHD-SAH to develop severe
cardiomyopathy.

As far as SAH is concerned, previous studies have pro-
duced conflicting results regarding cytokine plasma levels in
patients with this condition. Matsumori et al. have not found
increased serum levels of cytokines in patients with SAH
[45]. Conversely, in patients with isolated SAH, Mirhafez
et al. have observed an increase in serum levels of 1L-2,
IL-8, IFN-gamma, and TNF-alpha, and decreased IL-10
serum levels. This cytokine imbalance may have played
a role in the pathogenesis of SAH [46]. Kuznetsova et al.
found increased levels of IL-18 in patients with SHA, left
ventricular hypertrophy, and asymptomatic left ventricular
diastolic dysfunction [47].
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Fig.3 Determination of TNF-
alpha, IL-1beta, IL-8, IL-7
cytokines plasma levels in sub-
jects with chronic Chagas heart
disease (CCHD), chronic Cha-
gas heart disease and systemic
arterial hypertension (CCHD-
SAH) and controls, expressed as
pg/mL plasma. The data reveal
an increase of these cytokines
in the plasma of patients
compared with control subjects
(» <0.0001 for each compari-
son). A significant difference
was also observed between the
groups CCHD and CCHD-SAH
(TNF-alfa p <0.0001, IL-1 B
p<0.0001, IL-8 p<0.001, IL-7
p=0.015)

Table 4 Cytokines plasma
levels in patients with CCHD
and CCHD-SAH treated versus
not treated with ACEI/ARBs
(pg/mL)
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Treated with ace inhibitors Not treated
CCHD (n=9) CCHD-SAH (n=14) CCHD (n=6) CCHD-SAH (n=8)
Thl
IFN-gamma 100+2.17 125+7.98 101 +£6.79 127+£9.99
1L-12 207 £ 8.64 290+28.21 214 +8.62 290+19.94
Th2
IL-4 66 +4.95 91 +10.42%* 62+4.93 101 +2.82*
IL-10 233+ 17.69%* 279+23.68 199 +9.17** 270+21.47
IL-13 62+3.78 89+11.50 60+2.42 94+6.52
IL-5 143 +10.01 207+15.91 136+7.96 206 +5.06
Th17
1L-17 135+5.96 183 +17.43" 135+6.85 202+9.38"
IL-23 137 +6.38% 171 +10.14 145 +6.36" 168 +9.95
IL-6 149+11.42 190+9.85 144+6.16 182+8.30
Treg
1L-2 44+594 81+11.34 41+3.16 80+5.61
TGF-beta 54+3.64 76 +£10.90 56 +3.20 75+4.55
Other cytokines
TNF-alfa 406 +19.63 475+19.32 423 +23.45 489+15.17
IL-1 beta 130+6.05% 177+9.05 139 +6.38% 174+6.95
1L-8 42+2.44 53+3.96 41+3.76 55+3.65
IL-7 2.66+0.05 2.88+0.27 2.7+0.15 2.98+0.11

CCHD =Chronic Chagas heart disease; CCHD-SAH: chronic Chagas heart disease and systemic arterial

hypertension

#p=0.0006 (CCHD-SAH treated xnot treated); ** p=0.001 (CCHD treated xnot treated); * p=00.1
(CCHD-SAH treated xnot treated); ** p=0.04 (CCHD treatedxXnot treated); & p=0.003 (CCHD
treated X not treated)
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In patients with CHF secondary to SAH, cytokine
plasma levels are also been increased. Testa et al. studied
80 patients with CHF (30 with hypertensive heart failure,
50 with ischemic heart failure). Increased circulating lev-
els of TNF-alpha, IL-1, and IL-6 were observed in patients
with severe CHF, according to the New York Heart Failure
Association classification; however, the levels of IL-2 were
not increased [48]. Therefore, in our study, the association of
two pathologies capable of increasing cytokine plasma levels
may account for our results of the higher cytokine plasma
levels observed in patients with CCHD-SAH.

In this study, we observed a significant increase in
IL-17 in CCHD-SAH patients compared to the control and
CCHD groups. IL-17 stimulates the survival and expansion
of immature precursors committed to T and B lymphocyte
lines. Furthermore, the IL-17 receptor consists of a single
binding alpha chain as a component of IL-2 receptors, IL-4
and IL-15. It is also essential for the survival of mature T
cells, naive, memory cells such as CD4+ [49]. Thus, these
findings may contribute to stimulation of Treg cells via
the production of IL-2 and pro-inflammatory cytokines
via the Th2 profile through IL-4 observed in patients with
CCHD-SAH.

The consequences of increased levels of cytokines are
well recognized. Pro-inflammatory cytokines can induce
apoptosis and necrosis of the myocardial cells. In addition,
left ventricular remodeling can be associated with TNF-
alpha activity via matrix metalloproteinases [50]. However,
a specific therapy against proinflammatory cytokines action
has been proved to be disappointed [51].

The measurement of cytokines in the plasma of patients
with CCHD-SAH may have practical consequences in the
treatment of patients with this condition. Antagonists of
TNF-alpha, for example, may be of benefit for patients with
CCHD-SAH because, by decreasing TNF-alpha plasma lev-
els, they not only attenuate inflammatory response, but may
also interfere with left ventricular remodeling process. In
fact, Sliwa et al. performed a randomized, double-blinded,
placebo controlled trial evaluating pentoxifylline in patients
with ischemic cardiomyopathy, and noted an improvement
in functional status and in the left ventricular ejection frac-
tion [52]. Similar results have been observed in patients
with severe CHF secondary to idiopathic dilated cardio-
myopathy on ACE inhibitors and carvedilol [53]. Whether
a similar beneficial effect could be observed in patients with
CCHD-SAH requires further studies.

The relative small number of patients is a limitation of
this study. However, no difference was observed in clini-
cal, electrocardiographic, and echocardiographic findings
between CCHD-SAH and CCHD alone groups. A similar
number of patients (n=38) has been enrolled in the study
by Rodrigues-Angulo and colleagues in which cytokine
serum levels were measured in Chagas disease patients

with and without SAH [17]. Finally, the statistical difference
observed in cytokine serum levels among controls, CCHD
and CCHD-SAH patients were strong, thus suggesting that
he results obtained in our investigation have not occurred
by chance alone.

In summary, our study allow us to better understand the
inflammatory mechanisms in patients with CCHD-SAH by
showing a balance in proinflammatory, anti-inflammatory
and regulatory cytokines in patients with this condition.
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