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Abstract

Arterial hypertension (AH) represents the main cause of morbidity and mortality all over the world. Approximately 40% of the adults aged over
25 years old and about 90% of the persons aged over 80 years old suffer from AH. It is a multifactorial condition, in whose etiopathogeny
there are involved numerous genetic, metabolic and environment factors. In its turn, AH is one of the most important risk factors for heart
disease, stroke, heart failure, kidney disease and peripheral vascular diseases. In hypertensive patients, it progresses into the left ventricle
hypertrophy, as a result of some major changes of the cardiomyocytes, but also of the extracellular conjunctive matrix (ECM). We evaluated
some histopathological and immunohistochemical changes induced by AH on some fragments of myocardium from the left ventricle. There
was observed an increase of the ECM quantity, manifested by the expansion of the intercellular spaces, fibrillar collagen synthesis and its
deposit in the perivascular and interstitial spaces, a significant reduction of the number of microvessels in the myocardium, the alteration of
cardiomyocyte structure, by reducing the quantity of desmin and of the intercellular connections, by reducing cluster of differentiation 56
(CD56) (neural cell adhesion molecule 1 – NCAM1) immunomarker.
Keywords: arterial hypertension, myocardium, fibrosis, extracellular matrix, cardiac fibroblasts.

 Introduction
Arterial hypertension (AH) is one of the most common
chronic diseases affecting people all over the world, being
a major worldwide cause of death [1]. According to some
studies, approximately 40% of the adults aged over 25
years old and about 90% of the persons aged over 80 years
old are diagnosed with AH [2, 3]. Despite the financial
efforts of public health systems and of recent treatment
progress, the control of AH remains low, due to the fact
that, in the first stages of progression, AH does not show
any symptoms that draw attention upon it. On the other
hand, the patients with severe AH or in stage 3 have
moderate, persistent headaches, dizziness (vertigo), asthenia,
low effort capacity, epistaxis, etc., symptoms that alert
the patient and make him check with a doctor [4, 5].
Therefore, most patients with AH are diagnosed by accident
or when the disease is in advanced stages.
The main risk factors for AH are represented by: age,
heredity, ethnicity, obesity, stress, sedentary lifestyle, high
intake of salt and alcohol, use of birth control pills,
anxiety, irritability, etc. [6]. Other factors, both social and
physical, such as diabetes mellitus, hypercholesterolemia,
hyperlipidemia or poor education, represent associated
factors, commonly identified in patients with AH [7].
In its turn, AH is one of the most important risk factors
for heart disease, stroke, congestive heart failure, kidney
ISSN (print) 1220–0522

disease and peripheral vascular diseases. Uncontrolled AH
causes lesions of variable intensity to the cardiovascular
system, brain and kidneys [8–10].
Of all the complications generated by AH, heart
disease is the most common and the most important one.
At present, there are an impressive number of studies
showing the part played by hypertension in the onset and
progression of heart disease [11]. Heart disease and AH are
multifactorial diseases, in whose onset and progression
there are involved numerous common factors: genetic,
metabolic and environment factors [12–15]. Both conditions are involved in the onset of heart failure and the
increase of morbidity and mortality due to cardiovascular
diseases.
In our study, we proposed to evaluate the histopathological (HP) and immunohistochemical (IHC) changes
induced by AH in the left ventricle.
 Materials and Methods
The study was performed on fragments of left ventricular
myocardium, harvested during necropsy performed on
42 patients diagnosed with AH stages I and II, with a
disease history over 10 years, who deceased within the
Emergency County Hospital of Craiova, Romania, from
other reasons than cardiovascular ones. In order to avoid
possible errors in interpreting the results, there were
ISSN (online) 2066–8279
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harvested myocardium fragments that interested the entire
thickness of the left ventricle (from the endocardium to
the epicardium), with the anatomical marker of the anterior
interventricular artery, from the immediate proximity of
the anterior circumflex artery detachment from the left
coronary artery. The dimensions of the myocardium
fragments were about 3–4 cm2, with a thickness of 2 mm.
The age of the patients varied between 24 and 56 years old.
The biological material was fixed in a solution of
10% neutral formalin at room temperature, followed by
inclusion in histological paraffin. Then, the material was
sectioned in the microtome, being obtained 4-μm-thick
sections that were stained with Hematoxylin–Eosin (HE)
and Goldner–Szekely (GS) trichrome.
For the IHC study, the sections performed in the
microtome were collected on the poly-L-lysine covered
slides and dried in a thermostat, at 370C, for 24 hours,
for increasing the adherence of the biological material to
the histological slide. After that, the histological samples
followed the classical immunohistochemistry protocol
for highlighting the antigen interest structures. The IHC
signal was detected using 3.3’-Diaminobenzidine (DAB)
(Dako). The contrasting of nuclei was performed by
staining with Mayer’s Hematoxylin.
For our study, we used the following antibodies: antidesmin (monoclonal mouse anti-human desmin, clone
D33, 1:50 dilution, Dako) for highlighting the changes of
myocardial muscle cells; anti-cluster of differentiation 56
(CD56) (monoclonal mouse anti-human CD56, clone
123C3, 1:100 dilution, Dako) for highlighting the Eberth
intercalated discs (scaleform stria); anti-cluster of differentiation 31 (CD31) (monoclonal mouse anti-human CD31,
endothelial cell, clone JC70A, 1:50 dilution, Dako) for
highlighting the myocardial microvascularization.
The HP study was performed on the Nikon Eclipse 55i
microscope, equipped with a 5-megapixel color chargedcoupled device (CCD) camera. The images were captured
and processed using the Image ProPlus7 AMS software
(Media Cybernetics Inc., Buckinghamshire, UK).
For evaluating the microvascular density, there were
taken 10 images on each sample by using the 20× objective,
followed by the counting and analysis of the specifically
(immunohistochemically) marked elements, and by the
calculation of their arithmetical mean, using Microsoft
Excel 2013 and Statistical Package for the Social Sciences
(SPSS) 10.0 (SPSS, Inc., Chicago, IL, SUA).
 Results
The microscopic changes of the left ventricular
myocardium were quite varied from one patient to another,
in the same stage and same duration of AH, which shows
that the reaction of every patient’s myocardium is quite a
complex one and depends on various factors, more or less
known. Even more striking is the fact that, on a 3–4 mm2
surface of ventricular myocardium, the microscopic aspect
varied a lot, thus proving a heterogeneous damaging of
the myocardial muscle in chronic AH. Thus, on the same
HP sample, there were identified normal aspects of the
myocardium (Figure 1), but also areas of hypertrophied
cardiomyocytes and myocardial fibrosis. Many patients
presented hypertrophied myocardial muscle cells without
any other HP changes, an aspect that we considered an

adaptive change of the myocardial muscle cells during
high values of arterial blood pressure.
Still, the most common HP change, highlighted on the
stained histological samples, was myocardial fibrosis. On
all the examined samples, myocardial fibrosis was present,
first of all, around the blood vessels, especially around
arterioles and less between the myocardial muscle fibers,
which makes us think that the starting point for the HP
changes caused by AH is found mainly in the perivascular
space (Figures 2). The analysis of the histological samples
with stronger microscopic objectives highlighted the
existence of some changes in the blood vessel walls,
surrounded by collagen fibers. Therefore, the muscle
lining of arterioles appeared disorganized, the smooth
muscle cells had myofibroblast aspects, and the pericytes
from the blood vessel walls were transformed into fibroblasts. Also, the detailed analysis of the histological
images allowed the identification of collagen fibers with
reduced sizes and of a high number of fibroblasts among
the cardiomyocytes.
As it may be seen from our images (Figure 3), the spaces
between the myocardial muscle cells appeared enlarged,
which makes us believe that in these spaces there is a high
quantity of extracellular conjunctive matrix (ECM), with
a biochemical structure different from that of collagen
fibers, which cannot be identified by histological staining,
most probably released by local fibroblasts, stimulated by
various cellular messengers.
Myocardial fibrosis is electively highlighted by staining
the collagen fibers with GS trichrome. In our study, the
collagen fibers (of various sizes) were found arranged
semi-orderly at first, perivascularly, forming fibrillar stripes,
and then, through the development of the fibrillogenetic
process and death of myocardial muscle cells, they acquired
a heterogeneous, scar aspect, more or less extended
(Figures 4 and 5). The microscopic aspect of the collagen
fibers suggested that, in a first stage, the process of
fibrillogenesis was an adaptive, compensatory process,
subsequently becoming a restoring, scaring process.
Another HP change, which we consider being an
essential one, found in the myocardium of patients with
AH, was represented by the reduction of the microvascular
network. Sometimes, in the enlarged perivascular spaces,
especially under the epicardium, adipocytes were identified
(Figure 6).
In the IHC study, we proposed to evaluate some
microscopic aspects of the myocardial muscle cells, blood
vessels and a possible presence of local inflammatory
reaction.
A first immunomarker that was investigated was
desmin, a protein specific to the striated muscle that
enters in the structure of the intermediary filaments and
connects the Z stria to the subsarcolemmal cytoskeleton,
playing an essential part in maintaining the architecture
and function of the myocardial muscle fiber. In the
myocardial areas with hypertrophied muscle fibers, desmin
was found intense and relatively evenly distributed in the
muscle cells (Figure 7), while in the areas with significant
myocardial fibrosis, cardiomyocytes had a totally heterogeneous reaction to desmin. Thus, there were highlighted
cardiomyocytes where the reaction to desmin was intense
and cardiomyocytes where the reaction was a poor, almost
absent one (Figure 8). This microscopic aspect shows a
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deep alteration of the cardiomyocytes cytoskeleton in the
areas with intense myocardial fibrosis.
CD56 immunomarker, also known as “molecule of
neuronal cell adhesion” (neural cell adhesion molecule 1
– NCAM1) was barely studied until present time in
myocardial pathology. CD56 is a glycoprotein present on
the surface of some cells, having structural similarities
with immunoglobulins and fibronectin type III. At first,
CD56 was considered a mediator of intercellular interactions, but, later, it was observed that it is also a cellular
receptor that interferes in the cellular migration, proliferation, apoptosis and differentiation.
In our study, CD56 expression was positive in the
cellular membrane, and particularly in the Eberth intercalated discs (scaleform stria) (Figure 9). The hypertrophied
cardiomyocytes presented enlarged Eberth intercalated
discs, with an intense CD56 reaction at this level, and
also in the cellular membrane (Figure 10). These aspects
suggest a high synthesis of NCAM1 as an adaptation
reaction of myocardial cells to high-pressure values. In
the areas of myocardial fibrosis, CD56 expression was
low both in the Eberth discs, and in the sarcolemma. In
some areas, there were identified cardiomyocytes with high
quantities of CD56 glycoproteins, scattered-like deposits,
in the sarcoplasm (Figures 11 and 12). These aspects
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show major changes in the structure and functioning of
cardiomyocytes in patients with chronic AH.
Using the anti-CD31 antibody allowed us to highlight
the microvascular network in the myocardium. In the
areas not affected by myocardial fibrosis, the number of
blood vessels (arterioles, venules, capillaries) was much
lower than in the healthy areas (Figures 13 and 14). By
analyzing the microvascular density, we observed that in
the myocardial areas not affected by fibrosis, the number
of blood vessels varied between 1450 and 1630/mm2,
while in the myocardial fibrosis areas, they varied
between 625 and 850/mm2 of myocardial tissue.
 Discussions
Cardiovascular diseases represent the main cause of
morbidity and mortality worldwidely; statistical studies
performed by World Health Organization (WHO) experts
showed that cardiovascular diseases are responsible for
about one-third of all deaths all over the world [16, 17].
Of all cardiovascular diseases, the most common is AH,
considered a disease of the present society, causing, among
other things, ventricular hypertrophy and contracting
dysfunction of the heart, pathological states that may
present various clinical signs, according to their severity.

Figure 1 – Myocardium – normal aspect (HE staining,
×200).

Figure 2 – Myocardial fibrosis developed mainly perivascularly, associated with a deep remake of the
vascular wall (GS trichrome staining, ×400).

Figure 3 – Perivascular and interstitial fibrosis. The
intercellular spaces appear enlarged, with fine collagen
fibers (GS trichrome staining, ×200).

Figure 4 – Collagen fibers with an arrangement in
stripes, developed along the vascular trajectories (GS
trichrome staining, ×100).
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Figure 5 – Collagen fibers with a disordered arrangement,
with an aspect of scar conjunctive tissue (GS trichrome
staining, ×200).

Figure 6 – Microscopic image of subepicardial
myocardium where there is highlighted the presence of
a moderate myocardial fibrosis and the presence of
islands of adipocytes (HE staining, ×100).

Figure 7 – Hypertrophied cardiomyocytes with a relatively
homogeneous reaction to desmin (Immunostaining with
anti-desmin antibody, ×200).

Figure 8 – Immunohistochemical image of cardiomyocytes in the myocardial fibrosis area; it can be observed
a heterogeneous reaction of cardiomyocytes to desmin
(Immunostaining with anti-desmin antibody, ×200).

Figure 9 – Area of normal myocardium with an intense
immunohistochemical reaction to CD56 in the Eberth
intercalated discs (scaleform stria) (Immunostaining
with anti-CD56 antibody, ×400).

Figure 10 – Hypertrophied cardiomyocytes with enlarged
scaleform stria and intense reaction of the CD56 immunomarker. Also, the reaction appears well-expressed in the
cellular membrane (Immunostaining with anti-CD56
antibody, ×200).
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Figure 11 – Low, heterogeneous immunohistochemical
reaction of CD56 in the cardiomyocytes situated in the
area of myocardial fibrosis (Immunostaining with antiCD56 antibody, ×200).

Figure 12 – Heterogeneous distribution of CD56 glycoprotein in the sarcoplasm and in the plasmalemma of
cardiomyocytes around the areas of myocardial fibrosis
(Immunostaining with anti-CD56 antibody, ×400).

Figure 13 – Image of myocardium unaffected by fibrosis,
where there may be observed the presence of a high
density of microvessels (Immunostaining with anti-CD31
antibody, ×200).

Figure 14 – Area of myocardial fibrosis with a low
number of blood capillaries (Immunostaining with antiCD31 antibody, ×200).

Despite some vast knowledge on the factors that
generate AH, establishing its etiology is a significant
challenge for clinicians. In more than 90% of the patients,
the cause of AH remains unknown, a state called primary
hypertension. Still, it is considered that genetic predisposition and environment factors play a crucial role in
the onset and progression of AH.
In the hypertensive patients, there develops a progressive left ventricle hypertrophy, associated with a high
risk of cardiovascular events. Left ventricle hypertrophy
is the result of the cardiomyocytes hypertrophy and of the
exaggerate accumulation of collagen in the interstitial
tissue, thus causing non-systemic myocardial fibrosis [18].
Like most authors that studied the interrelations between
AH and myocardial changes [19–21], we observed that
the most important myocardial change caused by chronic
AH is myocardial fibrosis.
It is well-known the fact that left ventricular hypertrophy is for the hypertensive patients a more important
risk factor than age, level of serum cholesterol or presence
of heart disease. Numerous clinical and experimental

studies showed that left ventricular hypertrophy is
associated with a high cardiovascular morbidity and
mortality, being a strong and independent risk factor for
heart failure, heart disease, heart irregularity and stroke
[22]. In hypertensive patients, left ventricular hypertrophy,
associated with myocardial fibrosis, predisposes the patient
to major cardiac events [23, 24].
The onset and extension of myocardial fibrosis is a
complex process, considered irreversible until now, part
of the myocardial remodeling, caused mainly by the
increase of arterial tension values. The process of
myocardial remodeling, especially of the left ventricle
myocardium, is characterized by changes of the structure
and function of cardiomyocytes, of the vascular compartment and of the ECM [25].
The morphological studies performed postmortem on
the patients with AH highlighted an abnormal accumulation
of fibrillar collagen [26, 27], a HP lesion considered the
main morphological element leading to heart failure. The
morphology studies showed that there are more types of
myocardial fibrosis: a restoring, scaring fibrosis, as part
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of a previous necrosis of cardiomyocytes, a reactive
perivascular fibrosis and an interstitial fibrosis [27].
We consider that in AH, as a result of the increase
of intravascular pressure, there appears a change of the
structure and function of small vessels in the myocardium
(vasculopathy), thus starting the process of perivascular
fibrillogenesis through the stimulation of local fibroblasts
to produce high quantities of ECM, especially fibrillar
collagen. The persistence of AH leads to the extension of
the fibrosis process among cardiomyocytes, thus resulting
interstitial fibrosis, and the death of cardiomyocytes leads
to triggering the process of local restoring, thus ultimately
leading to restoring fibrosis.
Like other authors, we consider that myocardial fibrosis
is a pathological process caused by an excessive proliferation of fibroblasts and by the onset of an unbalance
between the deposit and degradation of ECM from the
myocardial interstice [28–30].
In our study, we observed an enlargement of the spaces
between cardiomyocytes, before the onset of interstitial
fibrosis, a microscopic aspect showing that in this space
there accumulate high quantities of ECM (another one
distinct from the collagen one), before the onset of
interstitial fibrosis. It is well known the fact that the
ECM is a dynamic entity that contains a diversity of
structural proteins and non-structural molecules, such as:
collagen I and II, proteoglycans (chondroitin sulfate,
dermatan sulfate), glycoproteins (laminin, fibronectin),
integrins, etc. [25, 31, 32].
The quantitative and qualitative changes of the ECM
have negative effects on the cardiomyocytes functions, and
also on the microvascular structures in the myocardium,
as it mediates the mechanical and biological signals to all
the cells in the myocardium (cardiomyocytes, endothelial
cells, fibroblasts) [33–36].
The abnormal accumulation of ECM and its biochemical
structure remodeling will lead to the loss of its functions,
which will affect both the systolic and the diastolic
function of the left ventricle, thus generating a remodeling
and rigidity of the left ventricle [37–41]. Moreover, as
shown by us, the excess of conjunctive matrix reduces
the network of myocardial blood vessels, thus leading to
secondary ischemia [42].
Both the excessive development of the conjunctive
matrix and the reduction of the blood vessel network from
the myocardium, have negative effects on the structure
and function of cardiomyocytes. We showed that, in the
first stages of AH progression, when there is a hypertrophy
of cardiomyocytes, the IHC expression of desmin was
an intense one. Still, in the areas of myocardial fibrosis,
the IHC reaction of desmin in the cardiomyocytes was
strongly and unevenly reduced, which shows a major
structural alteration of the contracting apparatus and of
the cardiomyocytes cytoskeleton. Some authors showed
that the changes of desmin are associated with changes
of the mitochondria and myofibrils, thus deeply altering
the ability to contract of cardiomyocytes, which leads to
heart failure [43–46].
In our study, by evaluating the IHC expression of
CD56 (NCAM1) in patients with AH, we observed that
it was intensely expressed in the area of cardiomyocytes
hypertrophy, especially in the Eberth intercalated discs,

yet poorly and unevenly expressed in the areas with
myocardial fibrosis.
Up to now, there is few data known about the changes
of CD56 immunomarker in cardiovascular diseases. There
have been identified and characterized biochemically
three isoforms of CD56 molecule (120 kD, 140 kD and
180 kD). Other authors, as well, showed that CD56 is
expressed in the human myocardium (fetal or adult),
mainly in the intercalated disc [47, 48]. Other studies
showed that CD56 is also intensely expressed in the plasma
membrane and even in the cardiomyocyte cytoplasm,
especially in the areas affected by ischemic cardiopathy
[49] and also in the patients with ventricular hypertrophy
induced by AH [50], aspects that indicate the fact that
CD56 might play an important role in heart diseases in
humans.
 Conclusions
AH induces in the ventricular myocardium HP changes,
extremely variable from one area to another, from the
cardiomyocytes hypertrophy to intense fibrosis and even
to death of cardiomyocytes. The most obvious HP change
caused by AH was myocardial fibrosis, which has a
perivascular onset at first, followed by an extension to
the interstitial area. The existence of some extended areas
of fibrosis is due to the death of a higher or lower number
of cardiomyocytes and to the proliferation of local
fibroblasts. The development of the myocardial fibrosis
process was preceded by the enlargement of intercellular
spaces as a result of ECM accumulation, different from
that of collagen I and III. The high ECM synthesis
determines the remodeling of the ventricular myocardium
and it affects both the systolic and the diastolic functions
of the heart.
The process of myocardial fibrosis was associated with
changes of the blood vessel wall, including the reduction
of the microvessels.
In the areas with myocardial fibrosis, desmin expression
was quite heterogeneously diminished, thus proving a
marked alteration of the structure and function of cardiomyocytes. The expression of CD56 (NCAM1) molecule
was intense in the Eberth intercalated discs, in areas
with simple ventricular hypertrophy, reducing a lot the
cardiomyocytes in the fibrosis areas.
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