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Abstract

Cardiac disease in thalassemia is deter-
mined by the accumulation of iron in the tis-
sue. Genetic factors could influence the sever-
ity and the rapidity of the modifications of the
cardiac tissue. Mutations or polymorphisms of
genes have already been described as being
implicated in cardiac disease. In particular, we
studied the polymorphisms C1091T in the
Connexin 37 gene (CX 37), 4G -668 5G in the
Plasminogen Activator Inhibitor-1 gene (PAI 1)
and 5A-1171 6A in the Stromelysin-1gene (SL)
in 193 randomly selected patients affected by
hemoglobinopathies and 100 normal subjects
randomly selected from the general popula-
tion. A retrospective analysis based on history,
clinical data and imaging studies was carried
out to assess the presence and type of heart
disease. The results of our study do not demon-
strate a close association between polymor-
phism in these candidate genes and cardiac
disease, and in particular with myocardial
infarction in a cohort of Sicilian patients
affected by hemoglobinopathies.

Introduction

Myocardial infarction is a multifactorial and
polygenic disorder that is thought to result
from an interaction between a person’s genet-
ic makeup and various environmental fac-
tors.1,2 Cardiac complications are very frequent
in thalassemia patients in whom chronic ane-
mia and progressive iron deposition in the
heart are the major causes of morbidity and
mortality.

The pathophysiology of the disorder is mul-

tifactorial, with myocardial iron overload play-
ing a central role and immune-inflammatory
mechanisms also making a significant contri-
bution. 

Myocarditis etiology plays an important role
in a number of cases of myocardial impairment
in patients with thalassemia, although the
genetic factors cannot be underestimated.
Epidemiological studies have suggested that
genetic mutations and polymorphisms are
potentially involved in the mechanisms of
heart disease.3

Economus et al. demonstrated the influence
of a particular allele of the apolipoprotein E
(ApoE) gene on myocardial dysfunction. In
fact, the ApoE 4 allele may represent an impor-
tant genetic risk factor for the development of
organ damage in homozygous beta-tha-
lassemia.4

The development of cardiac disease in tha-
lassemia is determined by the rate of accumu-
lation of iron in the tissue. In addition, genet-
ic factors could influence the severity and the
rapidity of the modifications of the cardiac tis-
sue. Indeed, mutations or polymorphisms in
the genes have already been described as fac-
tors involved in cardiac disease. 

Three candidate genes particularly related
to the risk of myocardial infarction were select-
ed: the Plasminogen Activator Inhibitor-1 (PAI-
1), the Connexin 37 gene and Stromelysin-1.5 

Plasminogen Activator Inhibitor-1 (PAI-1) is
the major inhibitor of fibrinolysis. When PAI-1
is high, fibrinolytic activity is depressed, and
there is increased risk for arterial and venous
thrombosis. PAI-1 is a significant, independent
risk factor for coronary artery disease and
ischemic stroke. The 4G allele of a recently
described common 4/5 Guanine tract (4G/5G)
polymorphism in the PAI-1 gene promotor
region is associated with higher plasma PAI-1
activity.6 In vitro experiments have shown that
both alleles of the 4G/5G polymorphism contain
a binding site for a transcription activator, and
that the 5G allele also contains a binding site
for a transcription repressor that partially over-
laps with the activator binding site.7 Therefore,
the 4G allele of the PAI-1 gene is associated
with increased basal gene transcription. The
4G/4G genotype of PAI-1 has been shown to be
associated with ischemic heart disease and
myocardial infarction (MI).8

Connexin 37 is a component of gap junc-
tions, which are composed of arrays of inter-
cellular channels that provide a route for the
diffusion of low molecular weight materials
from cell to cell. Mutations in this gene have
been associated with atherosclerosis and a
higher risk of myocardial infarction. The
C1019-T polymorphism in CX37 may provide a
single gene marker, which could be useful in
assessing atherosclerotic plaque development,
particularly in cardiovascular risk groups, such
as those with borderline hypertension.9

Stromelysin-1 is a key member of the matrix
metalloproteinase (MMP) family, with a broad
substrate specificity. It can degrade types II, IV,
and IX collagen, proteoglycans, laminin,
fibronectin, gelatin, and elastin. In addition,
stromelysin-1 can also activate other MMPs,
such as collagenase, matrilysin, and gelatinase
B, making stromelysin-1 crucial to connective
tissue remodeling. Expression of stromelysin-1
is primarily regulated at the level of transcrip-
tion, where the promoter of the gene responds
to various stimuli, including growth factors,
cytokines, tumor promoters, and oncogene
products. There is a common polymorphism in
the promoter sequence at position −1171 of
the human stromelysin-1 gene, with one allele
having a run of six adenosines (6A) and the
other five adenosines (5A). A 5A/6A promoter
polymorphism can regulate the transcription
of the stromelysin-1 gene in an allele-specific
manner. Evidence has been presented that the
6A allele is associated with the progression of
coronary heart disease (CHD). In contrast, the
5A allele may be linked to the risk of myocar-
dial infarction.10

The aim of this study is to identify the
genetic polymorphisms and mutations that
confer susceptibility to myocardial infarction
in patients affected by hemoglobinopathies.
We investigated a group of patients with tha-
lassemia major, thalassemia intermedia, and
sickle cell anemia, and normal subjects select-
ed from the general population. 
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Materials and Methods

Patients 
We analyzed the three candidate genes

(4G/5G PAI1, 5A/6A -1711 SL and C1019T) in
193 randomly selected patients referred to our
center; 74 had thalassemia major, 68 tha-
lassemia intermedia, and 51 sickle cell ane-
mia. We also analyzed 100 normal subjects
(53% female, mean age 36 years) randomly
selected from the general population as con-
trol. Clinical, laboratory and instrumental data
are shown in Table 1. All patients with tha-
lassemia major were regularly transfused and
underwent chelation therapy. Among the 68
patients with thalassemia intermedia, only 13
were receiving regular transfusions and 12
occasional transfusions. The remaining 43 had
never been transfused, and only 34 were
receiving regular chelation therapy. Of the 51
patients with sickle cell anemia, only 10 were
regularly transfused, 5 occasionally; 35 had
never been transfused and only 15 received
regularly chelation therapy. No statistically sig-
nificant difference was found as regards sex,
age, mean hemoglobin (Hb), and heart T2*
between the three groups of patients studied
(P>0.05). A statistically significant difference
was, however, found for the average amount of
blood transfused, as well as the mean ferritin
level between the three groups (P<0.05).

Molecular analysis
Genomic DNA was extracted from mononu-

clear cells of peripheral blood samples by using
a phenol-chloroform method. Polymerase
chain reaction (PCR) was carried out in a total
volume of 100 μL containing 1 µgr genomic
DNA, 200 μM of oligonucleotides specific
primers, 200 μM of dNTPs, 2 mM MgCl2, 1X
buffer and 2.5 U Taq polymerase. The thermal
cycling conditions for the PAI 1 were: 30 min at
94°C, 55 min at 30°C, one min at 72°C, repeat-
ed for 30 cycles. PCR products were elec-
trophoresed in a 3% agarose gel and visualized
by ethidium bromide staining. The thermal
cycling condition for the CX37 were: 30 min at
96°C, 15 min at 60°C, 4 min at 72°C, repeated
for 30 cycles; and PCR products were DrdI
digested at 37°C overnight and analyzed by
agarose gel electrophoresis. The thermal
cycling condition for the SL were: one min at
93°C, one min at 55°C, one min at 72°C,
repeated for 30 cycles. The polymorphism
5A/6A at -1171 in the stromelysin 1 gene was
analyzed by reverse dot blot hybridization or,
alternatively, PCR fragments were analyzed by
the direct sequencing method using a Big Dye
terminator 3.1 cycle sequencing kit and run on
an ABI PRISM 3130 DNA analyzer.  

Cardiological data analysis
Anamnestic, clinical and instrumental data

were collected for analysis.
Instrumental investigations were evaluated

on the electrocardiogram (ECG), echocardio-
graphy, ECG-holter and magnetic resonance
imaging T2* (MRI) to evaluate iron overload.

Statistical analysis
The measurable variables were compared

between the patients and controls affected by
hemoglobinopathies selected from the general
population using logistical regression analysis.
P<0.05 was considered statistically significant.

To assess the relation of genetic polymorphism,
specifically as regards PAI-1, SL and CX37, to the
severity and the rapidity of development of heart
disease, three logistical regression models were
created. These were based on the three different
patients’ group: thalassemia major, thalassemia
intermedia, and sickle cell disease. For each
group, differences between the levels of the
explanatory variables were evaluated using the
Wald test compared with the standard normal
distribution. The level of significance for each
parameter was set at P<0.05 and the following
levels made up the baseline subset: PAI-
1=4G/4G; SL=5A/5A; CX37=homozygote.
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Table 1. Clinical, laboratory and instrumental data of the patients studied.

Findings Thalassemia Thalassemia Sickle cell 
major intermedia anemia

No. patients (total 193) 74 68 51
Females (%) 55.5% 51.5% 49%
Age (years) 35.28±10.6 44.13±15.35 45.27±12.13
Mean ferritin (ng/mL) 1574.76±1116 556.97±394.15 558.88±508.67
Hb mean (gr/dL) 9.8±0.74 9.31±1.15 10.06±1.26
Blood transfused annually (L) 177.11±57.94 95.05±36.95 84.02±27.45
Splenectomy, % (no.) 45% (34) 57.3% (39) 42% (21)
CMR T2* heart (mean) 32.84±10.56 ms 33.38±7.84 ms n.a.
Hb, hemoglobin; CMR, cardiac magnetic resonance imaging; n.a., not available. 

Table 2. Results of molecular analysis of the PAI, CX37 and SL genes.

No. PAI CX37 SL
samples 4G/4G 4G/5G 5G/5G Norm. Heter. Homoz. 5A/5A 5A/6A 6A/6A

Thalassemia 74 24.4% 52.7% 22.9% 47.3% 37.8% 14.9% 14.9% 52.7% 32.4%
major, % (no.) (18) (39) (17) (35) (28) (11) (11) (39) (24)
Thalassemia 68 20.6% 48.5% 30.9% 41% 43% 16% 6% 68% 26%
intermedia, (14) (33) (21) (28) (29) (11) (4) (46) (18)
% (no.)
Sickle cell 51 31.3% 51% 17.7% 31% 57% 12% 25.5% 45% 29.5%
anemia, (16) (26) (9) (16) (29) (6) (13) (23) (15)
% (no.)
Controls, 100 34% 29% 37% 41% 42% 17% 32% 37% 31%
% (no.) (34) (29) (37) (41) (42) (17) (32) (37) (31)
Norm., normal controls;  Heter., heterozygote; Homoz., homozygote. 

Table 3. P values calculated for the polymorphism between patients with and without
heart disease.

Polymorphisms Thalassemia Thalassemia Sickle cell 
major intermedia anemia
n=74 n=68 n=51

Heart disease
No Yes P No Yes P No Yes P

n=52 n=22 n=56 n=12 n=47 n=4

PAI: 4G/4G 15 3 0.17 12 1 0.30 15 1 0.90
CX37: Homozygote 8 3 0.85 8 3 0.40 5 1 0.61
SL: 5A/5A 8 3 0.77 4 0 0.99 13 0 0.99
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Results

The results of molecular analysis of the PAI,
CX37 and SL genes are shown in Table 2. A
group of patients with thalassemia major, tha-
lassemia intermedia, sickle cell anemia and
normal subjects froma Sicilian population
were classified according to the presence of
4G/5G polymorphism of PAI-1 Gene Promoter,
C1019T polymorphism of connexin (CX 37)
and 5A/6A polymorphism of stromelysin. In the
thalassemia major group, 22 patients suffered
from heart disease: one hypertensive heart
disease without heart failure, 7 dilated/restric-
tive cardiomyopathy, 10 had arrhythmia, and 4
patients had heart failure. The distribution of
PAI 1, SL and CX37 genotypes for this group
are, respectively: three 4G/4G (13.6%), thir-
teen 4G/5G (59.0%), six 5G/5G (27.4%); three
5A/5A(13.6%) twelve 5A/6A (54.5%), seven
6A/6A (31.8%); nine normal (40.9%), three
homozygotes (13.6%) and ten heterozygous
(45.4%). In the thalassemia intermedia group,
12 patients had heart disease: 2 with myocar-
dial infarction, 2 hypertensive heart disease
without heart failure, 4 dilated/restrictive car-
diomyopathy, and 4 patients with arrhythmia.
The distribution of PAI 1, SL and CX37 geno-
types for this group are, respectively: one
4G/4G (8.3%), five 4G/5G (41.6%), six 5G/5G
(50.0%), eight 5A/6A (66.6%), four 6A/6A
(33.3%); one normal (8.3%), three homozy-
gotes (25%) and eight heterozygous (66.6%).
In sickle cell disease group, 4 patients had
heart disease: one dilated/restrictive cardiomy-
opathy, 2 heart failure, and one with myocar-
dial infarction. The distribution of PAI 1, SL
and CX37 genotypes for this group are, respec-
tively: one 4G/4G (25%), three 4G/5G (75%),
two 5A/6A (50%), 2 6A/6A (50%); three
homozygotes (75%) and one heterozygous
(25%). P values calculated for the polymor-
phism between patients with and without
heart disease are shown in Table 3.

Conclusions

Cardiac failure and serious arrhythmias are
the major causes of life-threatening morbidity
and mortality in iron-overload patients.11,12

Heart disease is mainly expressed by a partic-
ular cardiomyopathy that progressively leads to
heart failure and death. The thalassemia car-
diomyopathy is mainly characterized by 2 dis-

tinct phenotypes: a dilated phenotype, with left
ventricular dilatation and impaired contractili-
ty, and a restrictive phenotype, with restrictive
left ventricular filling, pulmonary hyperten-
sion, and right heart failure. In accordance
with literature data, our data show that, in our
cohort of patients, the most common types of
heart disease are dilated/restrictive cardiomy-
opathy and arrhythmia. The results of our
study do not support the concept of a close
association between polymorphism in the
three candidate genes and heart disease in our
cohort of patients affected by hemoglo-
binopathies. However, this genetic polymor-
phism does not seem to influence the severity
and the rapidity of heart disease. In fact, as
shown in Table 3, none of the P values showed
a significant statistical difference (P>0.05).
Different epidemiological studies have sug-
gested the several genetic variants increase
also the risk of myocardial infarction. Yamada
et al. indicate that the identification of geno-
type of plasminogen activator inhibitor type 1,
stromelysin 1 and connexin 37 can be a reli-
able means of predicting risk of myocardial
infarction, though literature data are contro-
versial.13 In our cohort of patients, only 3 (2
with thalassemia intermedia, one with sickle
cell anemia) had a history of myocardial
infarction; no association between polymor-
phisms in the SL and PAI 1 genes was found in
any of these 3 patients. However, 2 of these 3
were homozygous for the C1091T polymorphis-
min the CX37 gene, although such small num-
bers of patients with myocardial infarction
rather limit interpretation of the data.

In conclusion, the lack of correlation
between heart disease and the polymorphisms
studied could be because there is no correla-
tion or could be due to the small number of
samples analyzed. Consequently, this should
be considered a preliminary study. Data from a
larger sample of patients could better define
the correlation between genetic polymor-
phisms and heart disease.
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