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Abstract

Myocardial inflammation is one of the commonest mechanisms in cardiomyopathy (CMP).
Mannose binding lectin (MBL) is a key molecule in innate immunity, while macrophage mi-
gration inhibitory factor (MIF) is a constitutive element of the host defenses. We investigated
the possible association between polymorphisms of MBL2 and MIF genes and CMP in Turkish
children. Twenty-children with CMP and 30 healthy controls were analyzed for codon 54 A/B
polymorphism in MBL, and -173 G/C polymorphism in MIF genes by using PCR-RFLP
methods. No significant difference was found between genotypes and alleles of MBL2 gene
codon 54 A/B polymorphism in patients and controls (p>0.05). However, serum uric acid
levels was found higher in dilated CMP patients with AA genotype. Frequency of MIF -173 CC
genotype was significantly higher in patients (p<0.05), and sodium levels were higher in pa-
tients with MIF -173 CC genotype. This study is the first to investigate the MBL and MIF gene
polymorphisms in Turkish children with CMP. We conclude that CC genotype of MIF (-173)
polymorphism may be a risk factor for CMP patients. However, further studies with larger
samples are needed to address the exact role of this polymorphism in CMP.

Key words: Cardiomyopathy, Children, Macrophage migration inhibitory factor, Mannose binding
lectin, polymorphism.

Introduction

Cardiomyopathy (CMP) is defined as “diseases = Although the pathogenesis of disease is not fully un-
of the myocardium associated with cardiac disfunc- derstood, disturbances of the cellular and humoral
tion” by World Health Organization (WHO), and itis  immune system are frequently observed in CMPs,
an important cause of chronic congestive cardiac fail-  and myocardial inflammation is one of the common-
ure in children. The reported incidence for cardio-  est mechanisms in cardiomyopathy [3].
myopathies is 1,13-1,24 per 100,000 children [1, 2]. Mannose binding lectin (MBL) and Macrophage
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migration inhibitory factor (MIF) play substantial
roles in the pathogenesis of several inflammatory and
autoimmune disorders [4, 5]. Mannose binding lectin
is a key molecule in innate immunity with the capac-
ity to bind to microorganisms and kill them by initi-
ating the lectin pathway of complement activation [5].
Furthermore, MBL has a major role in the modulation
of inflammation but the mechanisms responsible for
MBL interactions with inflammatory pathways is re-
main unclear [6]. Several studies suggest that, there is
a modulatory role of MBL in autoimmune disease
such as rheumatoid arthritis and systemic lupus ery-
thematosus [6-8]. Previous studies show that the ab-
sence of MBL may affect occurrence of cardiovascular
complications and myocardial ischemia/reperfussion
injury, and CMP in MBL null animal models (9-11).
Mannose Binding Lectin deficiency has been reported
by three single nucleotide polymorphisms (SNPs) in
codon 52, 54 and 57 of exon 1 in the MBL2 gene [6].
These SNPs are frequently referred to as variants B, C,
and D (B, C, and D, denoting the substitution of as-
partic acid for glysine codon 54, the substitution of
gutamic acid for glycine codon 57, and the substitu-
tion of cysteine for arginine codon 52, respectively).
Each of these variant alleles affect the stability of the
final protein product, resulting in decreased serum
levels and a dysfunctional MBL variant with a lower
molecular weight than the normal MBL [6, 12].

Macrophage migration inhibitory factor is a
constitutive element of the host antimicrobial defenc-
es and stress response that promotes proinflammato-
ry function of the innate and acquired immune sys-
tem. Macrophage migration inhibitory factor plays a
regulator role in the immune response system and
promotes proinflammatory biological activities. MIF
is constitutively expressed in variety types of tissue
and cells, including innate immune cells such as
monocytes and macrophages [4]. Recently, it has been
shown that MIF gene expression is higher in the heart
with impaired glucose tolerance with cardiac dys-
function in rats, and elevated levels of MIF were as-
sociated with cardiac dysfunction in diabetic patients
[13]. Mutations of the human MIF gene would pre-
dispose affected hosts to altered to sensibility or se-
verity of inflammatory diseases such as juvenile idi-
opathic rheumatoid arthritis, and glomerulonephritis
[4, 14, 15].

To our knowledge, no studies have investigated
the possible roles of MBL2 and MIF gene polymor-
phisms in children with CMP. The aim of the present
study is to investigate any possible association be-
tween polymorphisms of MBL2 and MIF genes and
CMP in a group of Turkish children, and to investi-
gate the association between the identified genotypes

and their clinical features.

Materials and Methods

Patients and controls: Twenty unrelated Turkish
children with CMP, followed up in the Paediatric
Cardiology Clinic of the Gaziantep University, Med-
ical Faculty, were compared with 30 age-and
sex-matched healthy controls. Relatives of CMP pa-
tients did not included as healthy controls. The diag-
nosis of CMP were made by signs and symptoms (ir-
ritability, feeding difficulties, weakness, fatigue, diz-
ziness, syncope, tachypnea, tachycardia, hepatomeg-
aly, and evidence of fluid retension), chest X ray (car-
diomegaly, pulmonary venous congestion, pulmo-
nary oedema), electrocardiography (hypertrophy of
left ventricle with strain, low voltage complexes) and
echocardiographic signs. Cardiomyopathies were
classified according to their structural and functional
abnormalities such as dilated, in the setting of re-
duced left ventricular systolic function; hypertrophic,
in the presence of unexplained septal hypertrophy of
the left ventricule; restrictive, when impaired diastolic
filling with preserved systolic function and normal
ventricular wall thickness [1].The study was ap-
proved by the Local Ethics Committee of the Faculty
of Medicine, and informed consents were obtained
from the parents of children. The medical records of
all children with CMP were reviewed for information
about age, sex, and to document clinical presentation
including symptoms, family history, laboratory and
echocardiographic findings.

Genotyping: All patients and controls were an-
alyzed for codon 54 A/B (gly54asp) variation in exon
1 of MBL2 gene and -173 G/C polymorphism in MIF
gene. Genomic DNA was extracted from peripheral
blood samples using the salting out procedure [16].

Genotyping of MBL2 gene codon 54 A/B: Pol-
ymerase Chain reaction (PCR) was performed using a
forward (5-TAGGACAGAGGGCATGCTC-3) and a
reverse (5-CAGGCAGTTTCCTCTGGAAGG-3') pri-
mers in a 25 pl volume containing 50 ng DNA, 2 mM
dNTPs, 2 nmol of each primer, 1.5 mM MgCl> and 3U
Taq polymerase. The product 349 bp was digested
with restriction enzyme Banl (Fermentas) identify
codon 54 polymorphism, respectively. Banl digestion
was performed at 50 °C for 60 minutes with 5 U en-
zyme. After enzyme digestion, products were visual-
ized by electrophoresis on 3% agarose gel. The Banl
restriction site is present on wild type allele A and
absent on variant allele B [17].

Genotyping of MIF gene -173 G/C: PCR was
performed using a forward
(5"-ACTAAGAAAGACCCGAGGC-3) and reverse
(5'-GGGGCACGTTGGTGTTTAC-3") primers. For
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MIF (-173), a 330 bp fragment was amplified, which
was then digested with Alul restriction enzyme
(Fermentas), overnight at 37 °C. The products were
then separated on 3% agarose gel. The PCR product
contains two restriction site for allele C and one of
these sites is destroyed when the presence of allele G
[18].

Statistical Analysis: All statistical analyses were
performed with the Statistical Package for the Social
Science for Windows (version 18.0; SPSS Inc, Chicago,
IL, U.S.A.).Results are given as meantSD, while allele
frequencies and the distribution of genotype are given
as %. Clinical features and MBL/MIF gene polymor-
phisms were compared using the chi-square and the
Fisher’s exact tests. Differences between groups were
compared by Kruskal-Wallis variant analysis and the
Mann-Whitney U-test. Statistical significance was
considered at p<0.05. Hardy-Weinberg equilibrium
(HWE) was calculated using De-finetti program [19].
Differences in allele and genotype distributions were
assessed using odds ratios (ORs) and 95% confidence
intervals. Sample size was estimated using a power
calculation based on other studies [20]. The minimum
sample size was determined as 44 person in each
group at the 80% power level with an a error of 5%.

Results

Clinical features: The age ranged from 3 months
to 13 years (mean: 347 * 3.38 years; median:
2.00-IR:3.00) in patients with CMP (n=20, 10 fe-
males/10 males). According to the echocardiographic
evaluation, 80% (n=16) of the patients had dilated
cardiomyopathy, 15% (n=3) hypertrophic cardiomy-
opathy and 5% (n=1) restrictive cardiomyopathy. All
patients had clinical findings of CMP. Echocardio-
graphic findings of CMP patients were shown in Ta-
ble 1.

Genotype frequencies of MBL2 and MIF genes

The distribution of AA, AB, and BB genotypes
for MBL codon 54 were 65 % (13), 25 % (5) and 10 %
(2) in CMP compared with 76.7 % (23), 23.3 % (7) and
0 % (0) in the controls. The allele frequency of A/B in
MBL was 77.5 % (31), and 22.5 % (9) in CMP com-
pared with 88.3 % (53), and 11.7 % (7) in the controls.
No significant difference was found between geno-
types and alleles of MBL2 gene in patients and con-
trols (p>0.05).

The distribution of GG, GC, and CC genotypes

for MIF (-173) were 50 %, 30 %, and 20 % in CMP
compared with 56.7 %, 43.3 % and 0 % in the controls
(Table 2). CC genotype was significantly higher in
patient group (p=0.0210, Table 2). The allele frequency
of G/C in MIF was 65 %, and 35 % in CMP compared
with 78.3 %, and 21.7 % in the controls. The observed
genotype counts were not deviated significantly from
those expected according to the Hardy-Weinberg
Equilibrium for MBL and MIF gene polymorphisms
(p>0.05).

Genotype frequencies of MBL2 and MIF genes

The distribution of AA, AB, and BB genotypes
for MBL codon 54 were 65 % (13), 25 % (5) and 10 %
(2) in CMP compared with 76.7 % (23), 23.3 % (7) and
0 % (0) in the controls. The allele frequency of A/B in
MBL was 77.5 % (31), and 22.5 % (9) in CMP com-
pared with 88.3 % (53), and 11.7 % (7) in the controls.
No significant difference was found between geno-
types and alleles of MBL2 gene in patients and con-
trols (p>0.05).

The distribution of GG, GC, and CC genotypes
for MIF (-173) were 50 %, 30 %, and 20 % in CMP
compared with 56.7 %, 43.3 % and 0 % in the controls
(Table 2). CC genotype was significantly higher in
patient group (p=0.0210, Table 2). The allele frequency
of G/C in MIF was 65 %, and 35 % in CMP compared
with 78.3 %, and 21.7 % in the controls. The observed
genotype counts were not deviated significantly from
those expected according to the Hardy-Weinberg
Equilibrium for MBL and MIF gene polymorphisms
(p>0.05).

Association between the identified genotypes
and patients clinical/laboratory characteristics: We
investigated correlations of MBL/MIF genotypes with
clinical and laboratory findings of patients such as
duration of symptoms, ejection fraction (EF), frac-
tional shortening (FS), left ventricle end diastolic di-
ameter (LVEDD), left ventricle end systolic diameter
(LVESD), left ventricle end diastolic volume
(LVEDV), and left ventricle end systolic volume
(LVESV). No relationship was found between
MBL/MIF genotypes and these parameters (data not
shown).

In children with dilated CMP (n=16), serum uric
acid levels were higher in patients with MBL AA
genotype (p=0.033, Table 3), while plasma sodium
(Na) levels were higher in patients with MIF CC gen-
otype (p=0.042, Table 4).
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Table 1. Echocardiographic signs of children with cardiomyopathy (CMP).

Dilated CMP Mean = SD Hypertrophic CMP Mean £ SD Restrictive
(min-max) (n=16) (min-max) (n=3) CMP (n=1)

Ejection fraction (EF) (%) 33.75+11.13 77.003.60 58.00
(19-58) (74-81)

Fractional shortening (FS) (%) 15.07+5.89 35.67+6.02 29.00
(8-29) (30-42)

Left ventricle end diastolic diameter (LVEDD) (cm)  4.75£1.04 2.83+0.72 240
(2.40-5.90) (2.00-3.30)

Left ventricle end systolic diameter (LVESD) (cm) 3.98+1.07 1.63+0.40 1.70
(1.70-5.40) (1.20-2.00)

Left ventricle end diastolic volume (LVEDV) (ml) 119.94+42.08 32.600+17.30 45.00
(29.60-173.00) (12.70-44.10)

Left ventricle end systolic volume (LVESV) (ml) 82.15+37.53 8.15+4.67 22.00
(18.10-141.00) (3.36-12.70)

Table 2. Genotype and allele frequencies of Macrophage Migration Inhibitory Factor (MIF) gene -173 G/C polymorphism in
children with cardiomyopathy (CMP).

MIF Genotype Control n(%) CMP Patients n(%) Odds Ratio (95%C.1.) p

GG 17 (56.7) 10 (50) 0.823 (0.266 - 2.541) 0.4793a
GC 13 (43.3) 6 (30) 0.560 (0.169 - 1.858) 0.25782
CC 0(0) 4 (20) 16.636 (0.842 - 328.60) 0.02107
MIF Allele

G 47 (78.3) 26 (65) 0.513 (0.210 - 1.256) 0.1072
C 13 (21.7) 14 (35) 1.947 (0.796 - 4.761) 0.1072
HWE (p) 0.129 0.127

aFisher exact test, HWE: Hardy-Weinberg Equilibrium.

Table 3. Association with serum uric acid levels and Mannose Binding Lectin (MBL2) gene codon 54 A/B polymorphism in
children with dilated cardiomyopathy.

MBL genotypes Serum uric acid level (mg/dL) Mean + SD (min-max) 95% ClI p
AA 6,139+1,508 (4,5-8,4) 4,979- 7,299 0.033
AB 3,000+0,989 (2,3-3.7) -5,894-11, 894

Table 4. Association with plasma sodium (Na) levels and Macrophage Migration Inhibitory Factor (MIF) gene -173 G/C
polymorphism in children with dilated cardiomyopathy.

MIF genotypes Plasma Na level (mEq/L) Mean + SD (min-max) 95% CI p
CcCc 137,50 2,121 (136-139) 118,44-156,56 0.042
GC 131,00+1,414 (130-132) 118,29- 143,71
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Discussion

Although the pathogenesis of CMP is not fully
understood, cellular as well as humoral autoimmun
responses are critically associated with the pathogen-
esis and progression of the disease. Furthermore,
disturbances of the cellular and humoral immune
system are frequently observed, and myocardial in-
flammation is one of the commonest mechanisms in
cardiomyopathy [3]. Two of the postulated factors are;
firstly, myocardial inflammation mediated by the ef-
fector cells of the immune system; and secondly lo-
coregional effect of inflammatory mediators, released
by the infiltrating lymphocytes, macrophages or en-
dothelial cells [21]. Both MIF and MBL play several
roles in innate and adaptive immune responses, and
changes in levels of MBL and MIF are implicated as
playing causative role in many disease states [4, 6, 22].

Better understanding of the molecular genetics
underlying CMP may provide a means of early di-
agnosis, genotype-based therapy, and even preven-
tion of the disease.

Mannose binding lectin deficiency is associated
with susceptibility to infectious and autoimmun dis-
eases and serum MBL levels vary substantially be-
cause of the variant alleles in exon 1 of the MBL2 gene,
located on chromosome 10 in the humans [22]. In the
present study, homozygosity for MBL variant allele
was observed only two patients with dilated CMP
and the A/A genotype was higher than the variant
alleles in CMP patients, but these results were not
statistically significant.

Messias-Reason et al, suggested that wild type
variants of MBL2 gene was significantly higher in
rheumatic hearth diseases [23]. Ramasawmy et al.
reported that subjects homozygous for the wild type
allele had a higher concentration of MBL than heter-
ozygous subjects and than homozygous for the vari-
ant MBL2 alleles [24]. Schafranski et al showed that,
genotypes associated with a higher level of MBL seem
to represent a risk factor for the evolution of rheu-
matic carditis, and MBL play a substantial role in the
progression of the disease to chronic form [25].
However, some studies indicated that there was either
no association of MBL gene polymorphisms and sys-
temic lupus erythematosus (SLE) and rheumatoid
arthritis (RA), or even an increased risk for RA has
been demonstrated in MBL insufficiency [8, 26]. In the
present study, homozygosity for MBL variant allele
was observed only two patients with dilated CMP
and the A/A genotype was higher than the variant
alleles in CMP patients, but these results were not
statistically significant. These different results in lit-
erature highlight the need for further detailed studies

to understand the exact role of MBL2 gene polymor-
phism in several diseases.

We investigated correlations of MBL genotypes
with clinical and laboratory findings of the disease,
and found that uric acid levels were higher in patients
with MBL AA genotype than the other genotypes.
Uric acid is a useful marker for the decompensation
trigger in chronic heart failure, and might be related
to inflammatory responses [27]. It has been shown
that the left ventricular hypertrophy has an important
potential to increase uric acid level [28]. Gullu et al.
measured uric acid levels in idiopathic dilated car-
diomyopthy, and they observed that serum uric acid
levels are significantly higher in the lower coronary
flow reverse group than in the higher coronary flow
reverse group [29]. Interestingly, Garred et al reported
that homozygous for wild type alleles in exon 1 of
MBL2 gene were more likely to show evidence of
persistent inflammation [30]. We suggest that the
reason of increased uric acid level in our patients may
be both inflammation and chronic heart failure.

Macrophage migration inhibitory factor plays an
important role in the control of innate immun re-
sponses and promotes proinflammatory biological
activities. Four polymorphisms of the human MIF
gene (-794, -173, +254, +656) have been reported, and
this polymorphisms would predispose affected hosts
to altered susceptibility to or severity of inflammatory
or infectious disease [4]. Patients with -173 C allele
(that is, guanine-to-cytosine transition at position
-173) had increased levels of MIF, and increased MIF
concentrations had been associated with severe clini-
cal manifestations, high severity scores, and poor
outcome of inflammatory disease [4, 31, 32]. In the
other studies, no association were found in genotype
distributions of MIF -173 G/C polymorphism be-
tween ulcerative colitis, juvenile rheumatoid arthritis
and healthy controls [14, 33]. However, Donn et al
showed that MIF -173 C allele was associated with
juvenile idiopathic arthritis [31, 32]. Moreover,
MIF-173 C allele had a significantly greater number of
joints with active arthritis and was associated with a
poor response to glucocorticoids in patients with ju-
venile idiopathic arthritis [31]. Berdeli et al showed
that, the MIF -173 C allele was a poor outcome pre-
dictor in JRA [14].

Miller et al. demonstrated that MIF released
from ischemic cardiomyocytes stimulates adenosine
monophosphate-activated protein kinase (AMPK)
activation and promotes glucose uptake, and thereby
protects the hearth against ischaemia reperfusion in-
jury [34]. Jian et al found that MIF protein is constitu-
tively expressed by cardiomyocytes in vivo and is
increased in the myocardium of infants with cyanotic
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cardiac defects in myocardial biopsy materials [35].
Tereshchenko et al did not reveal an association of the
myocardial infarction with the MIF-173 C allele pol-
ymorphism [36]. In the present study, homozygosity
for MIF-173 C allele was observed only four patients
with dilated CMP. Recently, it has been shown that
presence of -173C allele indicates higher MIF levels
[37], and cardiac inflammation (autoimmune, viral or
post viral) has an important component in the patho-
genesis of dilated CMP [38]. Therefore we suggest
that, CC genotype in our patients may be partially
responsible from inflammation in dilated CMP, and
MIF polymorphism may contribute to MIF release
from cardiomyocytes in children with CMP. Howev-
er, we could not find any relationship between MIF
genotypes and cardiac functions. Considering the
limited number of our patients, we cannot say that
MIF polymorphism does not modulate cardiac func-
tions. Further detailed studies with large patient
numbers are needed for this suggestion.

It has been shown that, plasma brain natriuretic
peptide (BNP) concentrations were increased in var-
ious forms of heart disease with impaired left ven-
tricular systolic function including cardiomyopathy
[39]. Natriuretic peptides inhibit the transport of so-
dium and water in proximal tubules and block reab-
sorption of sodium [40]. In this study, plasma sodium
levels were higher in patients with MIF CC genotype
than the other genotypes. However, we could not
conclude whether CC genotype of MIF has any effect
on BNP with this study. This hypothesis needs further
evaluation.

Conclusion

This study is the first to investigate the MBL and
MIF gene polymorphisms in Turkish children with
CMP. We conclude that CC genotype of MIF (-173)
gene may be a risk factor for CMP patients. However,
further studies with larger samples are needed to ad-
dress the exact role of this polymorphism in CMP.
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