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Introduction
Although idiopathic dilated cardiomyopathy (DCM) is the third 

most common cause of heart failure after coronary artery disease and 
hypertension, the etiology is largely unknown. Various explanations 
for its etiology have been proposed, mostly with the hypothesis that 
an initial viral myocarditis develops into a chronic myocardial disease. 
However, there are no conclusive studies to prove this theory. 
Proinflammatory cytokines such as TNF- and IL-6 have long been 
reported as elevated in plasma of patients with DCM and shown to 
correlate with heart dysfunction. These cytokines are today considered 
part of the heart failure syndrome [1,2]. Repetitive coxsackievirus 
infection has been reported to induce cardiac dilatation in post-
myocarditic mice [3]. If the acute viral myocarditis progresses into a 
chronic inflammation of the myocardium, autoimmune factors might 
be involved. In fact, this is supported by several studies reporting 
presence of auto antibodies in patients with DCM [4,5]. 

IFN- was first discovered for its antiviral activity but is today 
known to modulate almost all parts of the immune response including 
the expression of the major histocompatibility complex II (MHC II) via 
the MHC II transactivator CIITA [6-8]. A functional SNP at position 
+874 of the human IFN- gene correlating with differential cytokine
production has been reported by Pravica, et al., [9]. A functional SNP
has also been reported in the MHC2TA gene, which encodes for CIITA. 
The SNP at position -168 of the MHC2TA gene was shown to associate 
with differential expression of MCH2TA and with differential MHC
transcription upon IFN- stimulation of  leukocytes in vivo [10]. In
addition, the polymorphism was shown to associate with rheumatoid
arthritis, multiple sclerosis and myocardial infarction.

The aim of the present study was to investigate a possible 
influence of functional polymorphisms of the IFN- and MHC2TA 
genes on susceptibility to, and prognosis of DCM.
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Abstract
The etiology of idiopathic dilated cardiomyopathy (DCM) is largely unknown. One hypothesis is that immunological 

factors are responsible for disease development. Single nucleotide polymorphisms (SNP) at position +874 of the 
IFN- gene and at position -168 of the MHC2TA gene have previously been shown to associate with infl ammatory and 
autoimmune disorders. We analysed their possible infl uence on susceptibility and prognosis in patients with DCM. 
Genotypes were determined by real-time PCR in 442 patients and 425 controls. Genotype frequencies were found 
signifi cantly different between patients and controls for IFN- (p=0.029), but not for MHC2TA (p=0.26). In a logistic 
regression analysis, the high producing TT genotype of IFN- was signfi cantly more common in patients than controls 
(OR 1.55 [1.12-2.15], p=0.009). None of the polymorphisms had an infl uence on long-term outcome, 10-years mortality 
with a HR of 0.94 (p=0.74) and 0.85 (p=0.30), IFN- and MHC2TA, respectively. A 50% higher risk to develop DCM for 
individuals with the TT genotype of the IFN-   gene is a new finding and emphasize the role of IFN-   in DCM pathology.

Methods

Study subjects

Patients with idiopathic dilated cardiomyopathy (DCM) were 
recruited from a prospective multicenter study of DCM (n=286), 
recruited consecutively from 1997 in seven Swedish hospitals. 
Patients with a medical history and investigations compatible with 
idiopathic DCM were included (left ventricular dilatation and ejection 
fraction <0.50). Patients with idiopathic heart failure from a previous 
cross-sectional epidemiological survey of idiopathic DCM in five 
counties of western Sweden during 1985-1988 were also included 
(n=156) [11,12]. The following causes of HF were excluded: ischemic 
heart disease (ruled out by coronary angiography or a history 
of myocardial infarction); definite hypertension (blood pressure 
>170/100 mm Hg or ongoing treatment for hypertension); significant 
valvular disease; significant systemic infection; excessive alcohol
consumption; insulin treated diabetes mellitus; endocrine disorders
such as pheochromocytoma, acromegaly, thyroid disease; systemic
diseases; cancer treatment including irradiation; tachycardia-induced
cardiomyopathy or other primary cardiomyopathy.

The control group consisted of 425 individuals from a community 
in Western Sweden. They were selected through a random procedure, 
using the population registry of Göteborg (~ 450 000 inhabitants) 
and the Mölnlycke community (~14 000 inhabitants) and were invited 
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by a personal letter or a telephone call for an examination at the 
Sahlgrenska University Hospital or at the Primary Health Care Centre, 
Mölnlycke, Sweden. The characteristics of the study groups are given 
in table 1. The study complies with the Declaration of Helsinki. All 
patients and controls had given informed consent and the study was 
approved by the Ethics Committee at Göteborg University.

Genotyping

Genomic DNA was isolated from whole blood using the QIA amp 
Blood DNA mini kit according to the manufacturer’s instructions 
(Qiagen Inc, Hilden, Germany). Allelic discrimination with TaqMan 
real-time PCR was used to genotype for polymorphism in the IFN- 
+874T/A and the MHC2TA -168A/G genes. For IFN- the following
primers and probes were used: forward primer 5´ATT CAG ACA TTC
ACA TTC ACA ATT GAT TTT ATT CTT AC 3´and reverse primer 5´ACT
GTG CCT TCC TGT AGG GTA TTA TT 3´. Probe 1: 5´MGB-AAT CAA
ATC TCA CAC ACA C 3´-FAM and probe 2: 5´MGB-ATC AAA TCA CAC
ACA CAC 3´-VIC (rs2430561) [13]. The PCR and end point analysis was 
performed in a volume of 15 L containing 60 ng genomic DNA, 300
nM of each primer, 50 nM of each probe 7.5 L PCR TaqMan Buffer
(Applied Biosystems, Branchburg, New Jersey, US). The PCR was
accomplished in 40 cycles (50oC, 2 minutes; 95, 10 minutes; 92oC, 15
seconds and 60oC, 1 minute). For MHC2TA pre-designed primers and
probe were used (rs3087456) (Applied Biosystem). The PCR and end
point analysis were carried out in a volume of 10 L, containing 60ng
genomic DNA, 0.5 L Primer-Probe mix and 5 L PCR TaqMan Buffer
and according to cycling conditions as described above.

Statistics analyses

The polymorphism at position +874 of the IFN- gene results 
in TT, TA and AA genotypes and polymorphism at position -164 
of the MHC2TA gene results in GG, GA and AA genotypes. Logistic 
regression analysis uses dichotomised variables; therefore analysed 

genotypes were divided as follow: TT vs. TA+AA for IFN-, and 
GG vs. GA+AA for MHC2TA. Logistic regression was performed 
to estimate odds ratios (ORs) with 95% confidence intervals (CI) of 
genotype frequencies. It was estimated that a total of 425 cases in 
each group would detect a difference with an OR of 2.0, a significance 
of p<0.05, and a statistical power of 95 %, if the prevalence was 25%. 
A multivariate Cox proportional hazards model was used to explore 
associations between genotype and mortality rate. Risk evaluation 
was expressed as hazard ratios (HR) with 95% CI. The Kaplan-Meier 
method was used to construct survival curves and differences between 
curves were evaluated with the log-rank test. Genotype frequencies 
were compared by use of the chi-square test. Statistical analyses 
were performed using SPSS statistical software (version 15.0; SPSS, 
Chicago, Ill). All genotypes were in Hardy-Weinberg equilibrium 

Results
Baseline characteristics of patients and controls are presented in 

(Table 1).

Susceptibility for DCM

The single nucleotide polymorphism at position +874 of the IFN- 
gene and at position -168 of the MHC2TA gene was determined in 442 
patients with DCM and 425 control subjects, Table 1. For IFN-, the 
frequency of the T allele was 0.48 and 0.43 in patients and controls, 
respectively (p=0.05). Genotype frequencies were significantly 
different between patients and controls (p=0.03). In a logistic 
regression analysis there was a significant association between IFN- 
gene polymorphism and DCM (OR 1.544 [1.116-2.135], p=0.009), the 
TT genotype more common in patients than in controls, (Table 2). For 
MHC2TA, the frequency of the G allele was 0.23 and 0.21, patients 
and controls, respectively (p=0.26). Genotype frequencies did not 
differ between patients and controls (p=0.11). Neither did we found 
any association between the MHC2TA gene polymorphism and DCM 

Controls n=425a DCM n=442b

Gender
   Male 45 % 82 %
   Female 55 % 18 %
Age (y) 61 ± 11 53 ± 12 (n=439)
Heart rate (beats/min) 67 ± 11 (n=321) 74 ± 16 (n=351)
Systolic blood pressure (mmHg) 138 ± 18 (n=321) 125 ± 23 (n=364)
EF (%) Not applicable 31 ± 15 (n=381)
NYHA class (I:II:III:IV) Not available 69:123:155:15 (n=362)
-Blockers 8 % (n=321) 66 % (n=365)
ACE inhibitors Not available 69 % ( n=365)

EF: Ejection fraction; ACE: Angiotensin-converting enzyme. an=424 for MHC2TA; bn=440 for IFN-

Table 1: Baseline characteristics of patients with idiopathic dilated cardiomyopathy (DCM) and control subjects.

Polymorphism Phenotype Controls n=425a % (n) DCM n=442b % (n) OR (95 % CI) p-value
IFN-

     AA Low 31 (134) 29 (127) 1.0

     TA Intermediate 51 (215) 46 (202)

     TT High 18 (76) 25 (111) 1.54 [1.12-2.14] 0.009
MHC2TA

     GG Low 7 (28) 6 (25) 1.0

     GA Intermediate 28 (119) 34 (150)

     AA High 65 (277) 60 (267) 1.25 [0.95-1.64] 0.101
For calculation of OR, heterozygotes were coded as AA of IFN- and GG of MHC2TA, respectively. an=424 for MHC2TA;    bn=440 for IFN-

Table 2: Genotype frequency in patients with idiopathic dilated cardiomyopathy (DCM) and control subjects.
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(OR 1.252 [0.954-1.643], p=0.101). The GG+GA genotypes were 
slightly more common in patients than controls, (Table 2).

Including both polymorphisms in a stepwise logistic regression 
analysis the association with DCM was stronger for IFN- than 
MHC2TA with OR values that remained almost identical to the 
univariate analysis, OR 1.543 [1.116 -2.135], p=0,009; OR 1.252 
[0.953-1.644], p= 0,107, respectively (data not shown).

Severity of DCM 

Long-term outcome: The 10-years total mortality risk was ~50% 
but did not differ between genotypes for neither of the polymorphisms 
with a hazard risk of 0.94 [0.66 – 1.35], p=0.74 for IFN-, and 0.85 
[0.62 – 1.16], p=0.30 for MHC2TA (Figure 1 and Figure 2). 

Cardiac function: We also analyzed whether cardiac function 
(median left ventricular EF) or functional class (NYHA I-II versus III-IV) 
were dependent on genotype among patients with DCM. However 

there were no significant differences in genotype frequencies 
between groups (data not shown).

Discussion 
The finding of this study is an association between the high 

producing IFN- TT genotype and an increased risk to develop DCM. 
IFN- is an important cytokine regulating a number of immunological 
pathways including activation of macrophages, Th1 development, the 
MHC II expression, cell proliferation and apoptosis [7]. Individuals 
carrying the TT genotype had 50% increased risk to develop DCM 
compared with a carriers. This is an interesting finding which might 
explain the autoimmune features in a subgroup of patients with DCM. 

IFN- is shown to both accelerate and prevent disease progression 
[14]. In experimental autoimmune myocarditis, IFN- deficiencies 
enhance acute inflammation and promote chronic progression into 
heart failure and DCM [15-17]. In patients with DCM intravenous 
immunoglobulin treatment, shown to block the IFN- gene, is 
associated with improve cardiac function and increased plasma levels 
of IL-10 [18]. We recently reported lower plasma levels of IL-10 in 
DCM compared with ischemic cardiomyopathy [19]. Together this 
suggests an imbalance between IL-10 and IFN- in DCM.

IFN- is a strong inducer of MHC II expression on antigen presenting 
cells [20]. In our study, the allele and genotype frequencies of the 
MHC2TA -168A/G polymorphism was in the same range as reported 
by Swanberg, but did not associate with the susceptibility to DCM 
[10]. Other studies have failed to confirm the association between the 
MHC2TA polymorphism and RA, SLE, Wegener’s granulomatosis and 
inflammatory bowel disease [21-23]. 

In the present study neither of the polymorphisms, IFN- or 
MHC2TA, had any significant influence on long-term outcome of 
patients with DCM. This is in contrast to a study on patients with 
type 2 diabetes and a previous MI where the low expressing variants 
of MHC2TA was associated with increased cardiovascular mortality 
[24]. DCM prognosis is, however, influenced by many other factors, 
like heart failure treatment, age, and co-morbidity, which probably 
are more important to survival. 

We recently reported that patients with DCM display a significantly 
lower number of IFN- producing CD4+ T cells upon stimulation in 
vitro compared with healthy controls [25]. Whether a high producing 
genotype and a reduce number of functionally active INF- producing 
T cells are additive disease components needs to be further studied. 

We did not measure auto-antibodies, plasma IFN- or plasma BNP. 
Among DCM patients, there is a well-known gender difference with 
dominance of male subjects. The control population was originally 
chosen to investigate equal number of genders. However, there were 
no gender or age differences with regard to genotypes in controls or 
in patients. A family history of autoimmunity was reported by several 
patients, but was not consecutively recorded. 

In conclusion, IFN- is an important regulatory cytokine where 
the amount and the duration must be delicately balanced for optimal 
host wellness. Our observation that individuals with the TT genotype 
of the IFN- gene have a 50% higher risk to develop DCM is a new 
finding and emphasize the role of IFN- in DCM pathology.
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Figure 1: Ten year total survival according to polymorphisms in the IFN-gene 
in patients with DCM.

Figure 2: Ten year total survival according to polymorphisms in the MHC2TA 
gene in 425 patients with DCM. 
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