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Abstract
Background—Autoimmune mechanisms, particularly through generation of auto-antibodies,
may contribute to the pathophysiology of idiopathic dilated cardiomyopathy (iDCM). The precise
role of cellular autoimmune responses to cardiac-specific antigens has not been well described in
humans. The purpose of this study was to characterize the cellular autoimmune response to cardiac
troponin I (cTnI), specifically, the release of cytokines by peripheral blood mononuclear cells
(PBMCs), in subjects with iDCM and healthy controls.

Methods and Results—We performed enzyme-linked immunospot (ELISpot) assays on
PBMCs isolated from subjects with iDCM and healthy controls to examine the ex vivo interferon-
gamma (IFN-γ) and interleukin-10 (IL-10) production in response to cTnI exposure. Thirty-five
consecutive subjects with iDCM (mean age 53 ±11 years, 60% male, LVEF 23 ±7%) and 26
controls (mean age 46 ±13 years, 46% male) were prospectively enrolled. IFNγ production in
response to cTnI did not differ between the groups (26 ±49 versus 38 ±53 number of secreting
cells, respectively, p = 0.1). In contrast, subjects with iDCM showed significantly higher IL-10
responses to cTnI compared with controls (386 ±428 versus 152 ±162 number of secreting cells,
respectively, p<0.05). Among iDCM subjects, heightened IL-10 response to cTnI was associated
with reduced systemic inflammation and lower prevalence of advanced diastolic dysfunction when
compared to those with normal IL-10 response to cTnI.

Conclusions—Our preliminary findings suggest that a heightened cellular autoimmune IL-10
response to cTnI is detectable in a subset of patients with iDCM, which may be associated with
reduced systemic levels of hsCRP and lower prevalence of advanced diastolic dysfunction.
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Introduction
Despite the lack of definitive etiology for a large majority of patients with idiopathic dilated
cardiomyopathy (iDCM), the presence of an inflammatory state is evident(1). Breakdown in
self-tolerance is a typical characteristic of autoimmune diseases; hence, detectable responses
to cardiac-specific antigens are supportive of an ongoing autoimmune process in patients
with iDCM. In most cases, the generation of cardiotoxic autoantibodies is proposed as the
primary pathogenic mechanism(2-6). However, cellular autoimmunity, particularly specific
to cardiac antigens, is less well described. There is indirect evidence of cell-mediated
immunity on histologic examination of endomyocardial biopsies from patients with iDCM,
which consistently demonstrate CD4+ and CD8+ infiltrates(7). Pronounced T1-helper cell
activation has also been observed in patients with both ischemic and idiopathic
cardiomyopathies in proportion to disease severity(8).

In a murine model of viral myocarditis, a latent phase associated with infiltrating immune T
lymphocytes and subsequent cell-mediated response plays pivotal roles in the ongoing
destruction of cells(9), particularly in response to cardiac troponin I (cTnI)(3). Detection of
subclinical levels of circulating cTnI in the setting of heart failure is not uncommon(10). As
evidence for such cardiac-specific cellular autoimmunity response is lacking in the human
failing heart, the objective of this study is to characterize the cellular autoimmune responses
to cTnI by detecting specific release of cytokines (interferon-gamma [IFN-γ] as pro-
inflammatory; interleukin-10 [IL-10] as anti-inflammatory) ex vivo by peripheral blood
mononuclear cells (PBMCs) isolated from subjects with iDCM and healthy controls. We
hypothesized that iDCM patients may exhibit a greater propensity to generate a pro-
inflammatory cytokine response to cTnI than healthy controls.

Methods
Study population

Thirty-five consecutive subjects with iDCM and 26 controls subjects were prospectively
enrolled after informed consent was obtained. Idiopathic dilated cardiomyopathy was
defined as a clinical diagnosis of heart failure secondary to left ventricular dilation and
systolic dysfunction for at least 6 months in the absence of congenital, valvular or coronary
artery disease, or any systemic disease or toxins known to cause cardiomyopathy.
Significant coronary artery disease was excluded in subjects with iDCM by coronary
angiography within 5 years of enrollment. At the time of entry into the study, all subjects
with iDCM were receiving standard medical therapies according to guideline
recommendations and were clinically stable (without change in dose or medication regimen)
for at least 3 months. Functional capacity was determined by self-reported New York Heart
Association (NYHA) functional class as assessed by a physician. Healthy controls were
identified by advertisements followed by careful medical history and physical examination
including a screening echocardiography by a cardiologist (W.T.) to rule out any evidence of
cardiac disease. Exclusion criteria for the entire study population included current pregnancy
or pregnancy within the year preceding enrollment, use of immunomodulatory medications
within the 6 month period preceding enrollment, or any condition resulting in an
immunocompromised state.

Within the iDCM cohort, we reviewed transthoracic echocardiograms performed within 3
months of enrollment, and performed offline measurements by a single experienced research
sonographer (A.B.) of cardiac structure and function blinded to the assay measurements,
including mitral Doppler inflow patterns. Overall severity of diastolic function was assessed
based on integrated assessment of all available echocardiographic parameters at the time of
evaluation.
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High-sensitivity C-reactive protein (hsCRP) was measured in EDTA-plasma samples using
the Abbott Architect ci8200 platform (Abbott Laboratories, Abbott Park IL). All blood
samples were drawn at the same time-point for each subject. Informed consent was obtained
from each individual and the study was approved by the Institutional Review Board at the
Cleveland Clinic.

Cell Isolation and Preparation
PBMCs were isolated from whole blood utilizing Ficoll density gradient centrifugation,
counted, washed and resuspended in complete media (RPMI-1640 [Cleveland Clinic,
Central Services Media Lab] with 10% newborn bovine serum [Life Technologies,
Gaithersburg, MD], 100 U/ml penicillin/streptomycin, 2mM L-glutamine, 25mM HEPES)
containing 10% DMSO at a concentration of 10×106 cells/mL. PBMCs were then frozen in
1mL aliquots at a controlled rate of -1°C/min until -80°C and later transferred to a liquid
nitrogen freezer until analysis.

Enzyme-linked immunospot (ELISpot) protocol
Thawed PBMCs suspensions were immediately diluted 10-fold with complete media
containing 20U/ml DnaseI (Sigma-Aldrich, St. Louis, MO). After washing twice &
resuspending in DNaseI-media, the cells were placed in 37°C for post-thaw recovery. After
60 minutes, cells were then washed, resuspended in complete media, and counted prior to
ELISpot culture. The ELISpot protocol used in this study has been described in detail
previously(11). Briefly, multiscreen plates (Millipore, Billerica, MA) were coated with
cytokine capture monoclonal antibody overnight at 4°C, either with anti-IL10 or anti-IFNγ
(BD Biosciences, San Diego, CA). After washing & blocking plates (1%BSA [fraction V;
Sigma-Aldrich, St. Louis, MO] in PBS), PBMCs were cultured for 48 hours in 200μl of
either media, tetanus toxoid (1:100; EMD Chemicals Inc, Gibbstown, NJ), anti-human CD3
(5μg/ml; (BD Biosciences, San Diego, CA), or recombinant human cTnI (50ug/ml; Life
Diagnostics, Inc, West Chester PA). All antigens/controls were tested in triplicate. Cells
were cultured at 200,000 - 300,000/well with results normalized to the number of cytokine
secreting cells/300,000 cells. Complete culture media consisted of RPMI-1640
supplemented with 100 IU/ml penicillin/streptomycin, 2mM L-glutamine, 25mM HEPES,
and 10% newborn bovine serum. After the plates were incubated for 24 hours and then
washed (with PBS followed by PBS/0.05%Tween), secondary biotinylated anti-cytokine
antibody was added at 100ul/well and incubated overnight. Plates were then washed with
PBS/Tween-20 (Fisher, Fairlawn, NJ), and streptavidin-HRP (DAKO, Carpenteria, CA) was
added for 2 hours at room temperature. Plates were washed in PBS and spot color was
developed by adding amino-ethyl-carbazole (AEC, Sigma-Aldrich, St. Louis, MO) substrate
diluted in acetate buffer containing 30% H2O2. Plates were then washed with diH2O to stop
the reaction. After drying, images of the wells were acquired and spots enumerated by
ImmunoSpot Series 1 ELISpot analyzer (Cellular Technology, Cleveland, OH). Digital
images were analyzed for the presence of areas in which the color density exceeds the
background by a factor calculated from deducting the actual color from the background
value. For each subject, the individual background value (mean spot number in media wells,
+3 standard deviations) was subtracted from the mean spot number obtained in the presence
of each stimulating agent. Positive responses were defined as wells giving responses greater
than the mean +3 standard deviations of un-stimulated wells.

Statistical Methods
Categorical variables were summarized as proportions and frequencies. Continuous
variables were summarized as mean ± standard deviation if normally distributed, or median
and inter-quartile range (IQR) if non-normally distributed. Normality was assessed by the
Shapiro–Wilk W-test. The Wilcoxon Rank test was used to compare the cytokine responses
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between patients with iDCM and controls. The Spearman rank coefficient was used to
measure associations between the cytokine production and continuous clinical variables. All
p-values reported are from two-sided tests and a p-value <0.05 was considered statistically
significant. The statistical analyses were performed using JMP 5.1, SAS 9.1.3 (SAS
Institute, Cary, NC, USA).

Results
Subject Characteristics

Baseline characteristics of the iDCM and control groups are presented in Table 1. The self-
reported mean duration of disease for the iDCM group was 4.9±4.8 years, with 60%
experiencing symptoms for over two years. As expected, the iDCM group was older, more
likely to be receiving cardiac medication, and demonstrated higher circulating levels of
hsCRP than that of healthy controls. Of note, within the iDCM group about 60% of subjects
were already treated on statin therapy. The majority of the iDCM group had mild heart
failure symptoms (74% NYHA class 1 or II).

Cytokine Response to cTnI between iDCM and Control
Our first goal was to determine if cytokine responses to cTnI differ between iDCM and
controls. In our study cohort, we observed similar levels of IFN-γ production by PBMCs in
response to cTnI between iDCM and healthy controls (26 ± 49 vs. 38 ± 53 number of
secreting cells, p = 0.1, Figure 1). However, we observed significantly higher IL-10
production by PBMCs in response to cTnI compared to control group (386 ± 428 vs. 152 ±
162 number of secreting cells, p<0.05, Figure 1). Correspondingly, the ratios of IL-10/ IFN-
γ responses to cTnI were also higher in iDCM than in healthy controls (140 ± 259 vs 12 ±
26, p<0.05, Figure 1). Interestingly, there was no correlation between IL-10 production and
IFN-γ production in the iDCM group (r = 0.32, p = 0.06). To confirm the validity and the
antigen-specific nature of the assay results, there were detectable cytokine responses but no
differences between groups in response to other control antigens or media.

Interleukin-10 Responses to cTnI and Clinical Phenotype
We then focused on characterizing the clinical phenotype of IL-10 response to cTnI,
particularly in the iDCM cohort to gain insights into underlying anti-inflammatory
autoimmune mechanisms of iDCM. We arbitrarily stratified the iDCM cohort according to
their IL-10 response to cTnI as “heightened” (≥99th percentile of healthy controls) or
“normal” (<99th percentile of healthy controls). Patients with higher IL-10 responses to cTnI
did not differ in baseline characteristics or medication use except for a lower systemic blood
pressure as shown in Table 1. In particular, there were no differences in age and gender
between these two subsets. There was no difference in functional capacity as determined by
NYHA class, p = 0.2. We found those with heightened IL-10 responses to cTnI
demonstrated significantly lower hsCRP levels than those with normal responses (2.1 ± 2.1
vs. 8.4 ±10.5 mg/L, p = 0.04, Figure 2). Furthermore, patients with heightened IL-10
response demonstrated less advanced diastolic dysfunction (Figure 3 and Tables 2a and 2b).
These observations were similar when IL-10/IFN-γ was considered (Table 2b). Similar
findings were noted if the iDCM cohort was stratified according to median IL-10 responses.
However, those with higher IFN-γ responses to cTnI did not demonstrate higher hsCRP
levels compared to those with lower IFN-γ responses to cTnI, even though they correlated
with worsening parameters of diastolic dysfunction (Table 2b).
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Discussion
We report for the first time that a subset of patients with iDCM may generate a heightened
(but independent) anti-inflammatory cellular autoimmunity response to a cardiac-specific
antigen (namely cTnI) in peripheral blood. Furthermore, we have established that such IL-10
production in response to cTnI corresponds to a global reduction in systemic levels of
hsCRP and more favorable echocardiographic features. Although we originally
hypothesized that subjects with iDCM may likely exhibit a pro-inflammatory cellular
autoimmune response towards cTnI, such a potentially pathogenic response was no more
likely than that found in healthy individuals. Instead, it is the imbalance of pro- and anti-
inflammatory responses against cardiac-specific antigens that dictated the ultimate degrees
of systemic inflammation and cardiac phenotype. Taken together, our preliminary data
suggest that an endogenous immune tolerance mechanism (in the form of immune regulation
as a response to exposure to cardiac antigens) may be operational, and may influence the
degree of systemic inflammation as well as myocardial pathology (in the form of diastolic
dysfunction). These preliminary findings may support the “autoimmune hypothesis,” which
suggests that an imbalance of protective and deleterious autoimmune responses may
contribute to downstream myocardial pathology. A larger study is needed with more
comprehensive evaluation of protective cellular immune responses to cardiac-specific
antigens such as cTnI to confirm these preliminary findings, and strategies to modulate such
responses are potentially enticing.

Cardiac troponins, as an intracellular self-antigen that is released in the bloodstream during
acute myocardial infarction, myocarditis, or other forms of cardiac damage leading to
dysfunction, has been considered a marker (or downstream product) of myocardial necrosis
rather than a source of self-antigen (or mediator of disease progression). We have recently
reported in stable cardiac patients that the presence of detectable cTnI may identify a
substantial group of patients with heightened risk of adverse long-term events, independent
of traditional risk factors, hsCRP, and creatinine clearance(12). We further identified that
such “subclinical myocardial damage” was associated with a systemic inflammatory and
oxidative stress state(12). Hence, circulating cardiac troponins may serve as self-antigens
that can induce specific autoimmune responses that can influence disease progression in a
manner similar to other immune-mediated diseases (e.g. hepatitis, inflammatory bowel
disease, multiple sclerosis). This postulate has recently been supported by several
mechanistic studies, the majority describing humoral response to cTnI in the generation of
autoantibodies(3-5). A recent human study confirmed that the absence of auto-antibodies
against cTnI following acute myocardial infarction was associated with less post-infarct
cardiac remodeling. In fact, there is a clear association between duration and degree of
exposure to circulating cardiac troponin and development of autoantibodies(5). However, in
patients with heart failure, there is still limited understanding of the prevalence of detectable
cTnI using the latest high-sensitivity cTnI assays and its relationship with autoimmune
responses to cTnI.

The role of cell-mediated immunity in the pathogenesis of iDCM has not been clearly
defined to date, but there is evidence to suggest that it plays an important part especially
through the production of cytokines. Cytokines have been identified as playing an important
pathogenic role in developing heart failure with well-documented elevation of pro-
inflammatory cytokines and diminution of anti-inflammatory cytokines in HF associated
with both hemodynamic and structural changes in the heart(13-16). Levels of pro-
inflammatory cytokines have been associated with functional status and disease severity(17).
Furthermore, in a group of patients with iDCM that responded to immunotherapy, there was
profound enhancement of IL-10, an important regulatory anti-inflammatory cytokine(18).
There has also been evidence of differential levels of IL-10 based on etiology of HF that has
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been suggested as indirect evidence of autoimmune pathogenesis in iDCM(15). Our data
indicated that IFN-γ responses to cTnI were similar between iDCM patients versus healthy
controls, but a heightened IL-10 response to cTnI was observed in patients with iDCM.
Since IL-10 inhibits the formation of reactive oxygen species and enhances the production
of nitric oxide, these findings suggest a potential protective immune pathway induced by
exposure to cTnI in patients with iDCM. This paradox was confirmed by our observation
that systemic inflammation (hsCRP) was reduced in those demonstrating high IL-10
response to cTnI. It is therefore conceivable that increased IL-10 production may attenuate
the inflammatory process that leads to cardiac remodeling and fibrosis, a process that can be
manifested as diastolic dysfunction. In fact, these results corroborate results from a recent
animal study that found that left ventricular cardiac remodeling related to ischemia and
reperfusion can be reduced by intra-nasal administration of troponin peptides leading to
modulation of the host cellular immune response with increased IL-10 production and
decreased IFN-γ production(19). Tolerance has also been induced in experimental
autoimmune myocarditis by intranasal exposure of animals with cardiac myosin(20).
Therefore, it is conceivable that a localized rather than a global anti-inflammatory strategy
via the induction of protective autoimmune responses towards cardiac-specific antigens via
the induction of mucosal immunity may provide cardio-protection from adverse cardiac
remodeling.

These preliminary data are by no means definitive, and warrants further investigations and
needs to be reproduced. Several important questions still need to be addressed before further
therapeutic development in this area can be achieved. For example, it is unclear what
cellular phenotypes were responsible for the IL-10 production, and what factors may lead to
enhanced IL-10 response to cTnI. Our novel observations imply that the recognition of a
self-antigen potentially by adaptive T regulatory cells, often activated by experimental
presentation of antigens by oral or nasal routes, can lead to generation of a protective
autoimmune response and result in reduced inflammatory consequences. Previous animal
studies have suggested T-regulatory cells and mast cells often produce IL-10(21), and thus
may be recruited to limit inflammatory injury. Among the known cell types that have been
examined in the literature for cardiac dysfunction, TH17 subsets (producing interleukin-17)
may also play an important role in modulating inflammatory processes in
myocarditis(22-24). We still have a lack of knowledge as to the time course of the
development of autoimmune responses to cardiac troponins as well as its balance with
humoral autoimmunity. Furthermore, we do not know whether such a cardiac-specific
cellular autoimmune response is reproducible in a particular individual, whether it can be
modulated with medical therapy, and whether it has important prognostic value in the
clinical setting. Such questions will require a larger, confirmatory study involving a variety
of subjects with sequential measurements following an index event.

Study Limitations
This is a single-center pilot study, and we acknowledge important limitations regarding the
cross-sectional nature of the case-control comparison and our small sample size and the
limited number of cytokines tested. Our echocardiographic evaluation relied on studies
performed within 3 months of study enrollment thus lacking direct association, and more
advanced measurements of diastolic function such as tissue Doppler imaging or strain
imaging or adjunctive assessment such as concomitant natriuretic peptide levels were not
obtained. Hence, we acknowledge that the qualitative assessment of severity of diastolic
dysfunction is complex and may be subject to bias. Although the majority of chronic stable
iDCM subjects were well-treated and had mild symptoms, they were likely at different
stages of their disease states and therefore may manifest differential autoimmune responses.
As the definition of iDCM was a clinical one, endomyocardial biopsy was not performed to
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confirm the diagnosis, and therefore we cannot rule out the presence of chronic myocarditis
which may elicit a different autoimmune response profile. Furthermore, insufficient samples
were available to measure natriuretic peptide levels or other cytokine responses, or to
analyze with fluorescence activated cell sorting and intracellular staining techniques.

As in many human studies, wide variability of responses can occur due to the complexity of
the autoimmune responses, and the presence of cardiac-specific autoimmune responses does
not necessarily guarantee a similar and consistent finding in vivo. Although our results are
suggestive of an active cell-mediated immune response in iDCM, we still cannot identify
whether an autoimmune process is a primary process in the etiology of this condition or a
secondary effect after another initiating process. We also do not know precisely what other
cytokines may be involved, or whether such cellular responses are simply a reflection of
systemic cellular responses to any antigen. Nevertheless, the lack of differences in other
common antigens and media served as a control to demonstrate a cardiac-specific nature of
our findings in patients with iDCM. The prospects of modulating protective immune
mechanisms via vaccination with cardiac-specific antigens for at-risk individuals are
enticing, and may warrant further investigations in this area.

Conclusion
There appears to be some indication that some patients with iDCM may demonstrate a
release of protective IL-10, potentially via a cellular autoimmune response to circulating
cTnI. Our preliminary findings suggested that the presence of such IL-10 response to cTnI is
associated with reduced systemic levels of hsCRP and a lower prevalence of advanced
diastolic dysfunction.
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Figure 1. Cytokine Response to Cardiac Troponin I in Idiopathic Dilated Cardiomyopathy and
Healthy Controls
Interferon-gamma (IFN-γ, upper panel), interleukin-10 (IL-10, middle panel), and ratio of
IL-10 to IFN-γ (lower panel) production by peripheral blood mononuclear cells (PBMCs) in
response to cardiac troponin I in patients with idiopathic dilated cardiomyopathy compared
with controls.
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Figure 2. Interleukin-10 response to Cardiac Troponin I and Systemic Inflammation
High-sensitivity C-reactive protein (hsCRP) measurements in patients with interleukin-10
(IL-10) response to cardiac troponin I (cTnI) ≥99th percentile of values of control group
compared to those with IL-10 response <99th percentile.
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Figure 3. Interleukin-10 response to Cardiac Troponin I and Advanced Diastolic dysfunction
Prevalence of moderate (Stage II) or severe (Stage III) diastolic dysfunction in patients with
interleukin-10 (IL-10) response to cardiac troponin I (cTnI) ≥99th percentile of values of
control group compared to those with IL-10 response <99th percentile.
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Table 1

Clinical characteristics of patients with idiopathic dilated cardiomyopathy compared with control group

Control subjects (n =
26)

Patients with idiopathic dilated cardiomyopathy (n = 35)

Total Normal IL-10 response (n =
22)

Heightened IL-10 response (n
=13)

Age (years) 46 ±13 53 ± 11 * 51 ±13 57 ± 7

Male (%) 46 60 63 54

Hypertension (%) 31 37 45 23

Diabetes Mellitus (%) 0 22 * 27 15

Dyslipidemia (%) 31 46 41 54

Atrial fibrillation (%) 0 34 * 27 46

History of smoking (%) 8 11 13 8

Systolic blood pressure (mm Hg) 115 ± 11 111 ± 19 117 ± 18 101 ± 16 †

BMI 27 ± 5 37 ± 33 * 41 ± 42 29 ± 3

NYHA Class (I-II/III, %) N/A 74/26 72/28 77/23

CRT/ICD (%) N/A 54 55 50

Serum Creatinine (mg/dL) 0.8 ± 0.2 1.0 ± 0.26* 0.9 ± 0.2 1.0 ± 0.3

hsCRP (mg/L) 1.8 ± 1.8 6.0 ± 8.9* 8.3 ± 10.5 2.0 ± 2.0 †

ACEI/ARB (%) 19 86* 81 92

B-blocker (%) 11 89* 91 92

Aldosterone inhibitor (%) 4 37* 32 46

Statin (%) 15 60* 64 54

Diuretic (%) 4 60* 52 80

Abbreviations: IL-10 – interleukin 10, BMI – body mass index, NYHA –New York Heart Association, CRT – Cardiac resynchronization therapy,
ICD – Implantable cardiac defibrillator, hsCRP – high sensitivity C reactive protein, ACEI – angiotensin converting enzyme inhibitor, ARB –
angiotensin receptor blocker, B-blocker – beta blocker.

*
p value < 0.05 when comparing control subjects and overall patient group.

†
p value < 0.05 when comparing normal and heightened response groups in patients with iDCM.
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Table 2

a. Echocardiographic characteristics with cytokine response to cardiac troponin I in patients with idiopathic
dilated cardiomyopathy

Normal IL-10 response (n = 22) Heightened IL-10 response (n =13)

LVEF (%) (n=35) 23 ± 7 23 ± 6

LVEDd (cm) (n=34) 6.5 ± 1.0 6.3 ± 0.9

MV DT (mS) (n=30) 182 ± 48 238 ±74*

MV E/A (n=32) 1.4 ± 0.9 0.8 ± 0.3*

PV S (cm/s) (n=29) 46 ± 13 48 ± 12

PV S/D (n=29) 1.2 ± 0.4 1.3 ± 0.6

b. Univariable correlation analysis of echocardiographic findings with cytokine response to cardiac troponin I in patients with
idiopathic dilated cardiomyopathy

Correlation with Cytokine Responses to cTnI by ELISpot (Spearman’s r)

IL-10 response IFN-γ response IL-10/IFN-γ response

LVEF (%) -0.03 - 0.12 0.01

LVEDd (cm) 0.11 - 0.03 0.06

MV DT (mS) 0.37* 0.12 0.14

MV E/A - 0.56* 0.15 -0.64*

PV S (cm/s) 0.01 - 0.56* 0.55*

PV S/D 0.15 - 0.54* 0.61*

Values are mean ± standard deviation unless otherwise stated.

*
p value < 0.05 when comparing normal and heightened IL -10 response groups.

Abbreviations: IL-10 – interleukin 10, LVEF – left ventricular ejection fraction, LVEDd – left ventricular end diastolic diameter, MV DT – mitral
valve deceleration time, MV E/A – ratio of mitral valve inflow peak E (early diastolic) and A (late diastolic) velocities, PV S– pulmonary venous
peak systolic velocity, PV S/D – ratio of pulmonary venous peak systolic (S) velocity to peak anterograde diastolic (D) velocities.

Abbreviations: ELISpot - enzyme-linked immunospot assay, IL-10 – interleukin 10, IFN-γ – interferon-gamma, LVEF – left ventricular ejection
fraction, LVEDd – left ventricular end diastolic diameter, MV DT – mitral valve deceleration time, MV E/A – ratio of mitral valve inflow peak E
(early diastolic) and A (late diastolic) velocities, PV S– pulmonary venous peak systolic velocity, PV S/D – ratio of pulmonary venous peak
systolic (S) velocity to peak anterograde diastolic (D) velocities. cTnI – cardiac troponin I.

*
p value < 0.05
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