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Abstract
Objective: Autoimmune mechanisms are often involved in the pathogenesis of Dilated Cardiomyopathy (DCM) and 
Th1 immune response against cardiac antigens plays a pivotal role in disease development.
Methods: IL-2 receptor (CD4+/CD25+) and cytokines IL-2, IFN-γ, IL-10 were studied in 42 patients (17 with DCM 
- DCM group, 10 patients with hypertrophic cardiac disease - HCD group, and 15 healthy volunteers - Control group). 
DCM group was subdivided in: DCM-1 (9 patients with recent disease onset) and DCM-2 (8 patients with chronic 
DCM). The % CD4+/CD25+ T-lymphocytes were analyzed by double fluorescence flow cytometry  both ex vivo and 
after phytohaemagglutinin (PHA)-cultures with/without 5 and 10 microgr of human cardiac myosin. The cytokines were 
measured using Enzyme-Linked Immunosorbant Assay (ELISA) method.
Results: Ex vivo analysis: In DCM group, CD4+/CD25+ T-cells significantly increased compared to other groups 
(p<0.05), due exclusively to DCM-2 subgroup (p=0.019). In PHA cultures in DCM-2 subgroup CD4+/CD25+ T-lym-
phocytes were significantly increased compared to all other groups (p<0.001). The addition of myosin in the cultures of 
DCM-2 subgroup maintained the same result. In cultures supernatants in DCM-2 subgroup, IL-2 levels were impres-
sively increased compared to DCM-1 subgroup (p=5.91x10-6), HCD and Control groups (p<0.001). Addition of antigen 
decreased significantly IL-2 levels in DCM-2 subgroup (p=0.01). IFN-γ levels followed the same pattern of alterations. 
IL-10 levels were significantly increased in both DCM subgroups compared to HCD and Control groups (p<0.05). 
Conclusions: Increased peripheral CD4+/CD25+ T-cells found in chronic DCM could be a useful prognostic marker 
in DCM progress. Increased synthesis of IL-2 and IFN-γ and varying IL-10 levels reflects a Th1 pattern of immune re-
sponse during chronic disease and implies active cellular immunity process, related to poor prognosis. Thus, analysis of 
the Th1/Th2 phenotype may be useful in disease monitoring in patients with DCM. Hippokratia 2011; 15 (4): 335-342
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Dilated Cardiomyopathy (DCM) is a common cause 
of congestive heart failure in young individuals and prog-
nosis of the disease is poor. Autoimmune mechanisms, 
usually as result of infection from cardiotropic viruses 
(eg. adenovirus, enterovirus, parvovirus B19) are often 
involved in the pathogenesis of DCM 1-6.

Recent WHO definition comprises ‘inflammatory 
cardiomyopathy’ as a distinct entity where myocarditis is 
associated with cardiac dysfunction and is recognized to 
be of autoimmune and/or infectious origin 3, 7.

The involvement of a deregulated immunity is sug-
gested early in the development of DCM. Infections often 
trigger myocardial injury. Initial anti-infectious immune 
responses can turn to responses towards self-antigens 
by molecular mimicry and/or epitope spreading mecha-
nisms. T-cell responses against the most prominent heart 

antigen, cardiac myosin, have been well-described in 
mice models 5, 8, 9.

Naïve helper T-cells stimulated by antigen presented 
cells (APCs) differentiate into two distinct subsets: Th1 
that secrete Interleukin-2 (IL-2), Interferon-γ (IFN-γ) and 
Tumor Necrosis Factor-α (TNFα) and promote mainly 
cellular immunity and Th2 that produce Interleukin-10 
(IL-10), Ιnterleukin-4 (IL-4), and Ιnterleukin-5 (IL-5) 
primarily inducing humoral immunity 10. Th1 T-lym-
phocytes are pivotal in the autoimmune response against 
cardiac myosin. The well studied model of experimen-
tal myocarditis has shown that the myocardial damage 
in the DCM has Th1 type characteristics against certain 
epitopes of cardiac myosin 1, 4, 8 .

Th1 immune responses and cytokine secretion (espe-
cially IL-2 and IFN-γ) play a critical role in inflammation 
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and healing of myocarditis. On the other hand, diminished 
production of Th1 cytokines has been associated with T-
cell unresponsiveness and disease chronicity 2, 4, 11, 12 . 

Thus, it is expected that IL-2 and its receptor (IL-2r, 
CD25) is critical in activating and promoting the innate 
(macrophages, dendritic cells) and acquired immune re-
sponses in the progression of autoimmune myocarditis 
to DCM. IL-2 and IL2r are very important growth and 
differentiation factors of T helper lymphocytes and are 
synthesized immediately after antigenic stimulation. This 
initiates Th1/Th2 cytokine regulation that determines the 
outcome of immune response and the development of a 
disease 13.

Few reports have addressed the polarization of Th1 
and Th2 responses in patients with DCM and T-cell func-
tion is poorly defined. In the present study we examined 
the central role of IL-2 and its receptor IL-2r in Th1/Th2 
regulation and cytokine synthesis in patients with DCM. 
We have used human cardiac myosin for the specific 
stimulation of T-lymphocytes.

Patients and methods
Forty two patients were studied (Table 1):
17 patients with DCM – a)	 DCM group (13 males and 
4 females aged 47.5±13.9 years). Afterwards the 
analysis of results of the study, we realized a dif-
ferentiation of parameters that was studied, that was 
related with the duration of DCM. Thus, according 
to disease duration the DCM group was divided in 
two subgroups: DCM-1 subgroup consisted of 9 
patients (7 males and 2 females aged 47.5±8.5 years) 
with a history of recent disease onset (≤ 6 months) 
and DCM-2 subgroup comprised 8 patients (6 
males and 2 females aged 48.0±18.06 years) with 
chronic DCM 14.
10 patients with hypertrophic cardiac disease b)	 (HCD 
group) (3 patients with hypertrophic cardiomyopa-
thy and 7 patients with hypertension, 7 males and 3 
females aged 49.7±9.3) and
15 healthy volunteers c)	 (Control group) (11 males 
and 4 females aged 46.8±7.5 years) age and sex 
matched with DCM group.

Diagnosis of DCM was based on clinical criteria (his-
tory, clinical examination) and other diagnostic procedures 
(chest X-ray, electrocardiogram, cardiac ultrasound). 

Exclusion criteria were cardiomyopathy of ischemic, 
alcoholic or metabolic origin, cardiomyopathies associ-
ated with systemic autoimmune diseases or cancer, sys-
temic treatment with corticosteroids or other immuno-
modulatory treatment and pregnancy.

 The investigation conforms with the principles out-
lined in the Declaration of Helsinki. All patients provided 
written informed consent and the protocol of this study 
was reviewed and approved by the Institutional Ethics 
Committee.

In details (Figure 1):
In all the above mentioned groups the following A)	

parameters were analyzed using double fluorescence flow 

cytometry (EPICS XL-MCL, Beckman Coulter, Fuller-
ton, CA, USA) 15:

The percentage of CD3+, CD4+ and CD8+ T-lym-a)	
phocyte subsets,
The percentage expression of CD25 on lymphocytes b)	
and the percentage of CD4+/CD25+ T-lympho-
cytes.

Measurements were performed on: a) peripheral 
whole blood (ex-vivo), b) PHA-stimulated peripheral 
blood mononuclear cells (PBMCs) cultured in three dif-
ferent ways:

without antigen-	
with 5 μgr of disease specific antigen (purified hu-   	-	

	 man cardiac myosin) and
with 10 μgr of the same antigen.-	

Table 1: Baseline characteristics of patients in the 3 groups
DCM HCD Control

n 17 10 15

Women 4 3 4

Men 13 7 11

Age 47.5 ± 13.9 49.7 ± 9.3 46.8 ± 
7,5

NYHA class II-III I-II -

History of 
myocarditis

11 - -

History of infection 
disease of the upper 
respiratory system 
the last 6 months

9 - -

IgG antibodies 
against parvovirus 
B19

7 2 2

IgG antibodies 
against Coxsackie 
virus B3

5 - -

IgG antibodies 
against
Cytomegalovirus

3 - -

Systolic
blood pressure 
(mmHg)

129 ± 15 132 ± 13 122 ± 10

Diastolic
blood pressure 
(mmHg)

70 ± 10 77 ± 11 67 ± 12

Beats per minute 60 ± 7 68 ± 6 70 ± 5

Body mass index 
(kg/m2)

23 ± 5 24 ± 1 22 ± 4

 
NYHA: New York Heart Association 
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The monoclonal reagents used in the study were 
CD3 (clone UCHT1, FITC), CD4 (clone 13B8.2, FITC), 
CD8  (clone B9.11, PE), CD25 (clone BI.49.9, PE), IgG1 
(mouse) control (clone 679.1Mc7, FITC), and IgG1 
(mouse) control (clone 679.1Mc7, PE),  (Immunotech, 
Marseille, France).

 In the supernatants of cultured PBMCs, IL-2 B)	
(human), IFN-γ (human) and IL-10 (human) (Bender 
Medsystems, Vienna, Austria) were measured using En-
zyme-Linked Immunosorbant Assay (ELISA) method.
Ex vivo analysis

Venous blood samples (2,5ml) were collected in ster-
ile test tubes containing K3 ethylenediamine tetraacetic 
acid (EDTA) and immediate staining with monoclonal 
antibodies (mAbs) for Fluorescence-activated cell sort-
ing (FACS) analysis followed.

Whole blood (100 μl) was incubated at room tem-
perature for 15 min with 20 μl of each mAb. The dual 
staining method (synchronous two-color fluorescence 
analysis) was used. The erythrocytes were lysed and 
the leucocytes were fixed by using Immunoprep/Q-prep 
protocol (Coulter, Hialeah, FL, USA), which lyses red 
blood cells with dilute formic acid, returns the solution to 
neutral pH and then fixes the remaining cells with 0.1% 
paraformaldehyde at the final concentration.
Cell cultures

Simultaneously with the ex vivo analysis, 20 ml hepa-
rinized venous blood was collected in sterile tubes and 
PBMCs were isolated using density gradient centrifuga-
tion (Histopaque-1007, Sigma Laboratories, St. Louis, 

MO, USA). The viability of PBMC was determinated to 
be greater than 95%, as indicated by Trypan blue dye ex-
clusion (Sigma, St. Luis, MO, USA). Preliminary experi-
ments in PBMCs from healthy volunteers were carried 
out to standardize the time and dose of PHA.

PBMC were cultured in triplicate in the presence of 5 
μg/ml PHA (Seromed, Berlin, Germany) alone, 5 μg/ml 
PHA plus 5 μg/ml of cardiac myosin and 5 μg/ml PHA 
plus 10 μg/ml of cardiac myosin in 24-well plates (Costar, 
Boston, MA, USA). PBMCs were 1x106 cells per well of 
culture plate. Each well contained 1 ml culture suspension. 
Culture medium consisted of RPMI-1640 (GIBCO labora-
tories, Paisley, UK) supplemented with 10% fetal calf se-
rum (GIBCO), 2 mmol/l L-glutamine (Sigma), 100 IU/ml 
penicillin (Sigma) and 100 μg/ml streptomycin (Sigma). 
The cultures were kept at 37°C in a humidified 5% CO2 at-
mosphere for 48 hrs. Approximately 3 x 106 cells per ml of 
sample were pelleted in a round-bottomed centrifuge tube 
and washed in RPMI-1640. The pellet was resuspended 
and 100 μl (~3 x 105 PBMC) was stained immediately with 
20 μl of the appropriate antibody.
Flow cytometry

Lymphocytes were gated using forward scatter (FS) 
versus side scatter (SS) dot plots.
Mitogen and antigens

Phytohemagglutinine (PHA): For the not specific 
stimulation of T-lymphocytes a strong classic pan T-lym-
phocyte mitogen, PHA was selected 16.

Human Myosin: For the specific stimulation of T-
lymphocytes purified human cardiac myosin was pre-
pared. Cardiac myosin was prepared from the ventricular 
muscle of human heart, following a modified Murakami 
et al method 17. Human left ventricular heart tissue was 
obtained from autopsied patient who had died of road ac-
cident and had no history of coronary disease, myocardi-
tis or congestive heart failure. The cardiac tissue was 
taken within 1-2 hours from the time of death and was 
kept at -80 o C until use.

The purity of this preparation was checked by SDS 
(sodium dodecyl-polyacrylamide), gel electrophoresis.
Cytokine levels (IL-2, IFN-γ, and IL-10) in T-cell cul-
ture supernatants. 

Cytokine levels were measured using ELISA method. 
The supernatants of cultured PBMCs stored at -80oC until 
measurement of cytokines. Levels of IL-2, IFN-γ and IL-
10 were measured by an immunoassay kit (Bender Med-
systems, Vienna, Austria).
Statistics

Data are expressed as mean ± SD for continuous vari-
ables or percentages for categorical variables. In order to 
identify statistically significant differences of the mean 
values between groups for variables measured over time, 
Generalized Linear Models – Repeated Measures ANO-
VA were used. Post hoc analysis (Tuckey HSD) was uti-
lized when appropriate to assess differences among these 
groups. The p- value of < 5% has been considered indica-
tive of a statistically significant result. SPSS 14 was used 
for all statistical procedure 

Figure 1: Study protocol is shown
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Results
A. Peripheral blood: 
We noted no alterations in the percentage of CD3+, 

CD4+ and CD8+ T-lymphocyte subsets in any of the 
groups (Table 2). After the division of DCM group in two 
subgroups (DCM-1 and DCM-2), there was a significant 
increase in CD4+ T-lymphocytes in DCM-2 subgroup in 
comparison to control group (p=0.023) (Table 2). 

In DCM patients there was a significant increase in 
CD4+/CD25+ T-lymphocytes in comparison to Control 
and HCD groups (p<0.05). This increase was due to 
DCM-2 subgroup when compared to Control and HCD 
groups (p=0.019) (Figure 2, table 2).

B. PHA cultures (in vitro stimulation): 
An important finding was that in DCM-2 subgroup 

there was a significant increase in IL-2r (CD25) expres-
sion on total and especially on CD4+ T-lymphocytes, 
in comparison to DCM-1, Control and HCD groups 
(p<0.001) (Figure 2, table 3). 

The addition of 5 μg antigen (human cardiac myosin) 
in the cultures of patients of DCM-2 subgroup lead to a 
blocking (decrease) of the expression of CD25 on total 
and especially on CD4+/CD25+ T-lymphocytes (Figure 
2, table 3). Moreover, the addition of 10 μg antigen in the 
cultures of patients of DCM-2 subgroup maintained the 
above result. Comparisons of the expression of CD4+/
CD25+ T-lymphocytes with two different quantities of 
cardiac antigen showed no differences.

C. Cytokine profile in cultures supernatants:
In IL-2 levels there were no significant differences in 

DCM, Control and HCD groups. 
However, after the division of DCM group in DCM-1 

and DCM-2 subgroups an impressive differentiation be-
tween the subgroups appeared: In DCM-2 subgroup an 
important increase of IL-2 levels was observed in com-
parison to DCM-1 subgroup (p=5.91 x 10-6). The dif-

ference in comparison to Control and HCD groups re-
mained significant (p<0.001) (Table 4). The addition of 
antigen on PHA-cultures shared similar results (Table 4). 
In DCM-2 subgroup the addition of antigen in PHA-cul-
tures decreased the levels of IL-2 significantly (p=0.01) 
(data not shown).

IFN-γ levels followed almost a similar model of 
changes like IL-2: there were no significant differences 
in DCM, Control and HCD groups. 

In DCM group the addition of antigen in PHA-cul-
tures decreased the IFN-γ levels significantly (p<0.001) 
(data not shown).

After the division of DCM group in DCM-1 and 
DCM-2 subgroups there was a significant increase of 
IFN-γ levels in DCM-2 subgroup compared to other 
groups DCM-1, Control and HCD (p=0.005) (Table 4). 
In DCM-2 subgroup the addition of antigen in PHA-
cultures decreased the IFN-γ levels significantly (p<0.01) 
(data not shown) although they remained significantly in-
creased compared to Control and HCD groups (p=0.022 
and 0.002 equivalents) (Table 4).

IL-10 levels were increased significantly in DCM 
group compared to Control and HCD groups (p=0,013) 
(Table 4). This increase concerned both DCM-1 and 
DCM-2 subgroups in comparison to Control and HCD 
groups (p<0.05). In DCM-1 subgroup the addition of an-
tigen in PHA-cultures decreased the levels of IL-10 sig-
nificantly (p=0.049) (data not shown).

Discussion
In this study we assessed peripheral T-lymphocyte 

subsets and CD4+ T-lymphocytes expressing CD25 
(CD4+/CD25+) in two subgroups of DCM patients 
(DCM-1 / recent onset and DCM-2 / long lasting) to in-
vestigate their role in DCM outcome and the effect on 
main Th1/Th2 cytokine network (IL-2, IFN-γ and IL-10). 
We found a significant increase in expression of CD4+ /
CD25+ (IL-2r) T-lymphocytes in patients with DCM and 
specifically in patients with long lasting disease. Expres-
sion of IL-2 receptor on T-cell has been shown to increase 
during antigenic stimulation and inflammation, particu-
larly during infections18-20. 

Moreover, in the ex-vivo study, patients with long 
lasting disease had significantly increased CD4+ T-cells 
compared to healthy controls. It could be suggested that 
this increase reflected CD4+ T-cell clone expansion ac-
companying the increased expression of IL-2r and in-
creased IL-2-levels (in the supernatants), in the context 
of chronic inflammation and disease perpetuation. 

Thus, our findings suggest that unregulated IL-2r could 
be considered as an activation marker of peripheral T-lym-
phocytes and clinically, increased expression in DCM could 
be used as a marker of persistent antigenic stimulation that 
reflects continuation of myocardial inflammation. 

 Our findings are in accordance with Limas et al who 
came to similar conclusions and suggest that increased 
soluble IL-2r levels in DCM patients could be an inde-
pendent predictor of a more aggressive clinical course 21.

Figure 2: The  percentage  of  CD4/CD25  double  positive  
T-lymphocytes  in  peripheral  whole  blood  (ex  vivo)  and  
in  PHA-stimulated  PBMCs  cultures  in  studied  groups  
and  subgroups
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Table 2: The percentage of CD3+, CD4+ and CD8+ T lymphocyte subsets and the percentage of CD4+/CD25+ T lymphocytes 
in peripheral blood.
PERIPHERAL 
BLOOD
(ex-vivo)

n
%CD3
(μτ + SD)

%CD4
(μτ + SD)

%CD8
(μτ + SD)

%CD25
(μτ + SD)

%CD4/CD25
(μτ + SD)

DCM 17 74.6 + 5.7 47.8 + 9.7 27.7 + 9.8 18.6 ± 14.5 10.7 ± 8.5 

↑DCM vs Control, HCD
(p<0.05)  

DCM-1 9 72.9 + 5.3 44.3 + 9.7 30.4 + 11.1 17.1+ 15.2 7.5 + 4.0

DCM-2 8 76.5 + 5.9
  51.8 + 8.6 

24.5 + 7.8 19.1 + 15.3  13.0 + 11.7 

↑DCM-2 vs 

Control
(p=0.023)

↑DCM-2 vs Control, HCD
 (p=0.019)

HCD 10 70.3 ± 4.9 50.4 ± 6.2 22.7 ± 4.7 16.2 ± 2.6 5.1 ± 0.8

Control 15 70.0 + 11.8 42.4 + 7.5 28.8 + 10.1 13.2 ± 6.3 6.1 ± 1.7

vs: versus

Τable 3: The percentage of CD4+/CD25+ T lymphocytes in PBMC cultures with PHA alone and with PHA plus 5μg and 10 
μg of human heart myosin in groups and subgroups of the study.  

PHA n
%CD25
(μτ + SD)

%CD4/CD25
(μτ + SD)

DCM 17 63.9 ± 25.4 41.9 ± 20.5

DCM-1 9 44.4 ± 13.5 30.5 ± 13.3

DCM-2 8  85.9 ± 14.8 54.7 ± 20.1 

    
      ↑DCM-2 vs DCM-1, Control, HCD
                (p<0.001)

  ↑DCM-2 vs DCM-1, Control, HCD
             (p<0.001)

HCD 10 62.9 ± 10.6 39.3 ± 4.3

Control 15 60.9 ± 16.6 31.7 ± 10.6

                  
     

PHA
+5

%CD25
(μτ + SD)

%CD4/CD25
(μτ + SD)

PHA
+10

%CD25
(μτ + SD)

%CD4/CD25
(μτ + SD)

DCM 61.0 ± 19.0 35.6 ± 15.8 57.8 ± 20.0 35.3 ± 15.1 

DCM-1 45.3 ± 13.0 25.5 ± 10.5 43.2 ± 14.7 28.1 ± 12.9

DCM-2 76.8 ± 6.4 47.0 ± 13.0 74.1 ± 9.5 43.5 ± 13.8

      ↑DCM-2 vs
DCM-1, Control, HCD
 (p=0.01)

      ↑DCM-2 vs
  DCM-1, Control, HCD
      (p<0.001)

       ↑DCM-2 vs 
DCM-1, Control, HCD
 (p=0.01)

      ↑DCM-2 vs 
DCM-1, Control, HCD
 (p=0.009)

HCD 56.6 ± 7.9 30.4 ± 6.6 55.0 ± 4.7 36.1 ± 4.8

Control 57.3 ± 20.7 25.4 ± 12.6 53.6 ± 19.6 28.3 ± 9.5



340 EFTHIMIADIS I

PBMC cultures with a strong T-cell mitogen like 
PHA, constitute a functional assay of the blastogenic 
capacity of lymphocytes that can induce the expression 
of CD25, related to the activation of T-lymphocytes 16. 
CD4+/CD25+ T lymphocytes were significantly in-
creased in PHA-cultures. 

After subgrouping patients to recent and chronic 
DCM, it was showed that DCM-1 subgroup was not af-
fected by human cardiac myosin addition, while DCM-2 
dropped significantly. Particularly interesting was this 
finding of a significant drop of PHA-cultured CD4+/
CD25+ T-lymphocytes, in the presence of antigen. It 

seems that the addition of myosin in the cultures partially 
‘blocked’ IL2-r expression and/or decreased (antago-
nized) the mitogenic effect of PHA itself on T-cells. 

This ‘myosin effect’ on cultured T cells from DCM-2 
patients could reflect a disturbed Th1/Th2 cytokine pro-
file during disease revolution. It is known that a positive 
outcome of a myocardial infection requires sufficient Th1 
cellular responses and cytokine regulation 22. Contrast-
ingly, the inflammatory process perpetuates and induces 
autoimmunity and organ specific (myocardium) autoim-
mune damage. Sustained myocardial inflammation/infec-
tion beyond 14-28 days or repeated antigenic stimulation 

Table 4: IL-2, IFN-γ and IL-10 levels in cultures supernatants with PHA, with PHA plus 5 μgr myosin and with PHA plus 
10μgr myosin, in the groups and subgroups of the study. 
IL-2

n
PHA
(μτ + SD)

PHA + 5
(μτ + SD)

PHA +10
(μτ + SD)

DCM 17 702.1 + 785.6 379.2 + 442.0 368.8 + 449.0

DCM-1 9 14.0 + 13.5 21.0 + 23.3 20.0 + 29.3

DCM-2 8 1476.2 + 341.8 782.2 + 309.0 761.1 + 357.2

       ↑DCM-2 vs 
     Control, HCD
       (p<0.001)
    ↑DCM-2 vs DCM-1
     (p=5.91 x 10-6)

   ↑DCM-2 vs DCM-1
 (p=2.11 x 10-4)

   ↑DCM-2 vs DCM-1
  (p=6.04 x 10-4)

HCD 10 303.5 + 304.8 235.9 + 278.7 202.0 + 235.9

Control 15 284.4 + 300.8 234.6 + 275.0 220.8 + 254.9

IFN-γ

DCM 17 512.9 + 392.5 400.6 + 343.6 303.2 + 266.9

DCM-1 9 343.1 + 396.9 266.4 + 367.0 157.2 + 189.8

DCM-2 8 703.9 + 305.5 551.6 + 258.4 467.4 + 251.9

      ↑DCM-2 vs 
DCM-1, Control, HCD
     (p=0.005)

   ↑DCM-2 vs Control
      (p=0.022)

      ↑DCM-2 vs 
 DCM-1, Control, HCD
      (p=0.002)

HCD 10 353.1 + 178.2 272.9 + 152.9 221.3 + 125.1

Control 15 305.6 + 79.2 262.4 + 84.6 225.6 + 78.5

IL-10

DCM 17 4161.7 + 4505.6 2077.9 + 2008.0 3811.5 + 5254.3

↑DCM vs Control, HCD
      (p=0.013)

DCM-1 9 4342.9 + 4260.2 1702.3 + 1889.0 5236.3 + 6870.2 

DCM-2 8 3957.8 + 5056.6 2500.6 + 2180.1 2208.6 + 1900.9

HCD 10 750.5 + 425.5 847.6 + 700.6 1726.3 + 1506.1

Control 15 978.8 + 967.4 1671.2 + 2717.4 1121.5 + 1316.0
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e.g. with myosin could lead T-lymphocyte clones to auto-
sensitization against myosin resulting to DCM 3, 4, 23.

T-cell-mediated heart injury in the evolution of DCM 
is very much influenced by the release of cytokines and 
vice-versa, since cytokines, expressed by APCs, lympho-
cytes and also cardiomyocytes, are pivotal in intracellular 
signaling of immunocompetent cells 1, 2, 4, 22. Changes of 
certain cytokine levels can determinately affect the cel-
lular immune response process in myocardium. The con-
sequences of Th1/Th2 cytokine deregulation have been 
demonstrated by several studies of patients with heart 
failure20, 24-26.

Antigen specific proliferation of helper T-lympho-
cytes following stimulation, is critically dependent on 
IL-2 expression, secretion, and binding to IL-2 receptor 
induced. In addition, IL-2 modulates the expression of 
IFN-γ and other cytokines 13, 27. 

In our study, IL-2 levels were found to be signifi-
cantly increased in the supernatants from PHA cultured T 
cells in the chronic/long lasting DCM group of patients. 
In contrast, no alteration (low levels) of IL-2 was found 
in the recent-onset DCM group of patients. These find-
ings are in accordance to our results concerning low IL2-r 
expression in the same group.

These findings support the contention that the low 
grade activity of the IL-2/L-2r system at the beginning of 
the disease (recent-onset DCM), is a double-edged sword. 
It might either protect from disease chronicity (mild in-
flammation) or, might result in a decreased Th1 immune 
response, which might lead to chronicity. On the other 
hand, increased IL-2/L-2r system capacity in the chronic/
long lasting DCM group as described above, in an effort 
to overcome the inflammation state, might be ineffective 
and sustains inflammation, leading to chronicity. 

 Fuse et al examined changes of Th subsets in a case 
of human acute viral myocarditis, as well as in a rat mod-
el of experimental autoimmune myocarditis and showed 
that Th1/Th2 ratio in peripheral blood followed the clini-
cal course: Th1 was dominant in the acute inflammatory 
phase, while Th2 increased during the recovery phase 28, 

29.
The role of IFN-γ as a significant Th1 cytokine in 

controlling the fate of myocarditis, is unequivocal. IFN-γ 
activates macrophages, induces MHC class I and II ex-
pression, recruits T cells at the site of inflammation and 
plays a critical role in antiviral activity and pathogen 
clearance at myocarditis onset 2, 5, 27, 30, 31. 

In the present study, IFN-γ variations in the super-
natants of cultured T-cells from DCM patients followed 
the IL-2 changes with consistency. IFN-γ levels remained 
unchanged in  recent-onset disease and were found sig-
nificantly increased  in long lasting disease. Moreover, in 
the presence of cardiac myosin IFN-γ levels decreased, 
but were still significantly higher compared to controls. 
Increased IFN-γ levels in long lasting DCM, in combi-
nation to increased IL-2 levels in the same subgroup of 
patients, also reflects the Th1/Th2 imbalance in the dis-
ease course and a Th1 cytokine pattern in the chronic 

state, which favours disease persistence. However, in the 
chronic disease state, IFN-γ is not needed anymore. It is 
undesirable because it promotes IL-1 and TNF-α produc-
tion which may have detrimental effect at long lasting 
disease.

Few studies have explored the significant pathways of 
inflammation resolution at sites of injury. IL-10  is known 
to be significant  in the termination of inflammation. It 
seems to control immune responses and tolerance. IL-10 
directly inhibits IL-2 synthesis and vise versa. It is also 
suggested to play a role in peripheral tolerance and in pro-
tection against autoimmunity 31-33 . In the present study, 
IL-10 levels were found  to be increased in the superna-
tants from PHA-cultured T cells in both DCM patients 
subgroups, maybe in an effort to drive a Th2 response in 
order to terminate inflammation and heart injury.

Conclusion
Our findings support that an imbalance of Th1/Th2 

regulation exists in DCM patients. This is supported by 
an insufficient Th1 regulation and Th2 predominance at 
the onset of DCM. As the disease progressed, autoim-
mune mechanisms against myosin and Th1 switch were 
established. Thus, the increased % IL-2r expression and 
the analysis of Th1/Th2 phenotype can be useful markers 
in patients’ follow-up and postmyocarditis DCM devel-
opment.

From the immunopathophysiological point of view, 
there appears to be an incorrect ‘timing’ of immunologi-
cal changes that leads in Th2 predominance in the recent 
onset DCM and Th1 predominance in chronic DCM. 
There seems to be a need to modulate the cellular im-
mune response of chronic DCM patients towards a Th2 
pattern and vice versa.   
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