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possible predisposing factor to develop atherosclerotic coronary artery
disease in CHD patients [5]. On the other hand, estrogen receptor-α
(ERα) appears to be responsible for the protective effects of estrogens
against atherosclerotic vascular disease [6].

The aim of this paper was to analyze the immunohistochemical ex-
pression of ERα, TGF-β1 and apolipoprotein B in coronary intimal hy-
perplasia in children with CHD and the possible increased risk for the
development pre-atherosclerotic lesions.

Coronary arterieswere harvested from a total of 57 hearts of CHDpa-
tients who died at 6 days to 10 years of age (mean 2.5 years old, 50.8%,
(n = 29) male). The main pathologies were tetralogy of Fallot, coarcta-
Congenital heart diseases (CHD) or the process of their repair leads
to an increased risk for adult cardiovascular disease compared with
the general population [1]. The proliferation of intimal smooth muscle
cells (SMCs), which causes intimal thickenings prior to any evidence
of visible lipid deposition, was proposed to be the initial lesion of coro-
nary atherosclerosis [2]. The increasing trend to consider intimal
thickenings as possible pre-atherosclerotic lesions is based on the distri-
bution of intimal hyperplasia in children and the localization of charac-
teristic atherosclerotic lesions observed in adult humans [3]. Early
coronary artery lesions may range from focal areas with mild
myointimal thickenings in prenatal life to early soft plaques in infants,
which may also present as intermingled lesions with components of
both categories, more frequently observed with increasing age [4].
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Also, we proposed that TGF-β1 expressionmight be considered another

tion of the aorta and coronary artery anomalies, and for the most part
they presented complex CHD. There were no statistical differences in
the number of cyanotic (n = 30; 52.6%) vs. non-cyanotic cases (n =
27; 47.4%). Thirty-nine percent of patients (n= 23) underwent surgical
repair of complex CHDand 78.3% (n=18) of these surgical patients died
within onemonth after surgery. Ten cases of pediatric patients aged≤10
presenting arterial coronary intimal hyperplasia/thickening, but who
died from causes other than CHD, were used as a control group. Samples
of the four main coronary arteries were processed and thin sections for
quantitative microscopy were stained with hematoxylin–eosin,
Victoria blue (elastic fibers) andMasson's trichrome. Also, we performed
immunohistochemical techniques against ERα (anti-ERα); TGF-β and
apolipoprotein B (ApoB) using a modified avidin–biotin–peroxidase
complex protocol and expressed as a percentage of positive area. Control
sections were incubated with non-immune normal rabbit serum.

Image processing software (ImageJ, National Institute of Health, Be-
thesda, MD) was used for estimate: the maximal intima thickness,
media thickness, and intima/media ratio. This ratio was used to assess
the degree of intimal hyperplasia. Statistics was performed using
Mann–Whitney test for non-parametric independent samples. Pearson
coefficient was employed to determine correlation.

ERα expression was evident in all layers of arteries and was quanti-
fied as a percentage of the ERα-positive area, considering the whole ar-
tery, media or intimal layers. No significant differences between male
and female CHD patients were found in the areas studied, neither be-
tween cyanotic and non-cyanotic, nor between controls and non-
surgically-treated patients.
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Fig. 1. Representativemicrophotographs of coronarywall stainedwith Victoria blue for elastic fibers (EF) from control, non-repaired and repaired CHD groups. Histologically, thickenings,
and fragmented and duplicated internal elastic layer were equally observed among groups analyzed. Of note, in non-surgically repaired CHD, an increased immunohistochemical expres-
sion for ERαwith corresponding reduction of TGF-β1was observed at intimal and smoothmuscle cell layers. In surgically repaired CHD these findingswere reversed. Also, immunostain-
ing for ApoB was increased over the thickened intima in repaired CHD compared with control and non-repaired CHD groups. These findings suggest an increased predisposition for
coronary disease after surgically repaired CHD.Magnification ×400. Scale bar: 100 μm. CHD: congenital heart diseases; ERα: estrogen receptor alpha; TGF-β1: transforming growth factor
beta 1; ApoB: apolipoprotein B.
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A higher staining of ERα was evident in intimal thickenings from
non-surgically repaired CHD patients, as compared to lower expression
observed in surgically treated ones. Also, when this expression was
quantified considering the whole artery, a significant decrease
(P b 0.05) was observed in surgically repaired CHD patients (Fig. 1).

To avoid differences in artery size according to age, a similar meth-
odology was applied in arteries whose intima/media rate was between
1 and 0.5 (n = 42). Accordingly, no significant differences in ERα ex-
pression in the intimal layer between male and female patients or be-
tween cyanotic and non-cyanotic CHD patients were observed.
However, a significant diminution in ERα reactive area in this layer
was evident in surgically treated patients vs. non-surgically treated. In
all cases, the ERα expression in the media layer was unchanged. No
Table 1
Percentage of coronary artery wall area with positive expression for ERα and ApoB in the
cases included in this study.

Whole artery Media layer Intima layer

ERα (%) ERα (%) ERα (%) ApoB (%)

Control 42.7 ± 3.7⁎ 41.9 ± 4.8 45.05 ± 6.1# 10.6 ± 5.3
Non-repaired CHD 38 ± 5.0⁎ 34.5 ± 4.5 27.4 ± 5.95‡ 11.8 ± 6.2Ψ

Repaired CHD 23.1 ± 4.1 38.8 ± 4.5 10.5 ± 2.2 20.2 ± 5.4
Non- Cyanotic 31.8 ± 5.7 31.8 ± 5.6 21.5 ± 6.1 12.2 ± 6.3
Cyanotic 36.5 ± 4.6 36.5 ± 4.2 21.4 ± 6.5 11.3 ± 4.5
Female CHD 30.1 ± 7.4 41.9 ± 8.0 22.1 ± 7.6 10.8 ± 5.3
Male CHD 24.6 ± 3.3 41.9 ± 4.5 18.0 ± 3.8 11.2 ± 4.9

Values are means ± SD. Differences were analyzed using the Kruskal–Wallis test and
Dunn's multiple comparison test.
CHD: congenital heart diseases.
ERα: estrogen receptor α.
ApoB: apolipoprotein B.
⁎ p b 0.05 compare with repaired CHD.
# p b 0.01 compared with repaired CHD.
‡ p b 0.05 compared with repaired CHD.
Ψ p b 0.0001 compared with repaired CHD.
correlation between degree of intimal hyperplasia (intima/media
index) and percentage of intimal area stained with ERα was found
(Spearman r = 0.2444, 95% confidence interval: −0.1530 to 0.5738;
P = 0.2100).

ApoB cross reactive for B-48 and B-100 was found to be more posi-
tive over the thickened intima and around the intima-media transition
in repaired CHD than non-repaired CHD alone (P b 0.0001) (Fig. 1).

Regarding TGF-β1 expression, no significant differences were found
between cyanotic and non-cyanotic CHD patients (percentage of reac-
tive area was 37.2 ± 12.2 and 25.9 ± 4.9, respectively). Furthermore,
TGF-β1 expression was almost undetected in any of the 10 children
that had no structural heart disease. On the contrary, when immuno-
staining for TGF-β1 was analyzed in patients with or without surgical
repair, a very significant difference between them was observed
(50.43% vs 15.91%, respectively; P b 0.0005). The nonparametric com-
parison of repaired CHD, non-repaired CHD, and controls without CHD
revealed that the difference was significant (P b 0.0001). No correlation
between degrees of intimal hyperplasia (intima/media index) and
percentage of intimal area stained with TGF-β1 was found (Spearman
r = 0.2955; 95% confidence interval: −0.61 to 0.11, P b 0.134).
Table 1 summarized the analyzed immunohistochemical parameters.

The relationship between CHD and intimal thickening may involve
different mechanisms, depending on the type of defect and surgical in-
tervention. Endothelial hypoxia may occur either during the surgical
manipulation process, and/or as a result of greater hemodynamic com-
promise (for example, increases in the oscillatory shear stress), being
able induce hypoxia-inducible factor (HIF-1α) which could reduce the
transcription of the ERα gene [7]; this may also explain the higher
TGF-β1 and ApoB expression in CHD surgical patients [8]. Also, TGF-
β1 and HIF-1α have been demonstrated to produce increased
proteasome-dependent degradation of ERα in cancer cell lines [9]. If
such mechanisms also operate in SMCs, they might explain the reduc-
tion in ERα expression in the intimal layer of these CHDpatients. In con-
clusion, our results suggest that the intimal thickening in surgically
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repaired CHD patient could be a consequence of a decrease in ERα ex-
pression in the intimal layer. For this reason, a reduction and increase
in ERα and ApoB expression respectively might represent a risk factor
for the development of pre-atherosclerotic lesions in coronary arteries.
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