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A

rterial hypertension is a disease of
the heart and blood vessels, which
adapt their structure and function
to the increased pressure loads. Hypertension starts with endothelial dysfunction and progresses gradually to hypertrophy and remodelling of both the cardiac cavities and the peripheral vessels.
These changes initially balance out, but
later they lead to a vicious circle of deterioration and decline in cardiovascular
function. Thus, hypertension is one of the
basic risk factors for coronary artery disease, heart failure, and peripheral artery
disease, greatly increasing cardiovascular
mortality.
In recent years, there has been much
discussion about the role and the future
of stem cells and progenitor cells in the
pathophysiology and treatment of cardiovascular disorders. Embryonic stem cells
and stem cells from adults are very promising future therapies for various diseases.
Embryonic stem cells can be transformed
into various cell series, either in vitro or
when transplanted into the heart. However, their use raises many technical and
ethical issues that have not yet been resolved. Most of the existing data concern
adult stem and pluripotent cells in patients with acute myocardial infarction, or
heart failure of ischaemic or idiopathic origin. More specifically, after an acute myocardial infarction the production of stem
cells, and in particular endothelial progen-

itor cells, is increased and they are mobilised from bone marrow to assist in the better healing of the myocardium. Their presence has been found to be inversely related to the size of the infarct and directly related to left ventricular function.1,2
The growing body of research in this
area has produced more and more encouraging results. Clinical applications still face
problems, since the role of these cells is
complex and dependent on many mechanisms; however, we already have a much
better understanding of the pathophysiology of cardiovascular disorders.
Endothelial dysfunction and progenitor cells
Endothelial disorders and the loss of endothelial cells are prominent phenomena in cardiovascular diseases. Especially in hypertensive patients, the changes
that occur in the endothelium are large,
early, and precede the permanent lesions
in the vascular wall. These changes lead
to an increase in peripheral resistances
and reduced vascular relaxation because
of endothelial cell dysfunction. Since endothelial dysfunction is one of the early
events in hypertensive patients and the
improvement of endothelial properties
has become the target of much research,
it is natural that the spotlight should have
fallen on endothelial progenitor cells.
Endothelial progenitor cells participate in the process of re-endothelisation
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as soon as they become established in the vascular
wall.3 We know that damaged cells there are replaced
by stem cells that are mobilised from bone marrow
and converted into endothelial progenitor cells, while
it has been suggested that disturbances of this process
are associated with the process of vascular remodelling and endothelial dysfunction.4 It seems, however,
that factors such as age, or risk factors for coronary
artery disease, reduce the capacity for this kind of reendothelisation.5,6 On the other hand, mobilisation of
mesenchymal stem cells leads to intimal hyperplasia
of the vessels and arteriopathy.7,8
Progenitor cells and hypertension
In the heart, an increase in preload leads to the mobilisation of progenitor cells from bone marrow for
use in neovascularisation, which plays an important
role in cardiac hypertrophy.9 Similarly, resident precursor cells, which are already present in the heart
and are activated by the developmental programme
through various molecular pathways, are also considered to play an important role in remodelling of the
cardiac muscle.10 A study of hypertensive patients in
our department showed that the expression of genes
such as myocardin and GATΑ4, which are related to
the presence of mesenchymal progenitor cells in peripheral blood and their differentiation into cells of
the cardiac series, is increased and has an association
with both the blood pressure levels and the left ventricular hypertrophy that these patients exhibit.11
In the very early stages of hypertension, before
the appearance of structural changes in the vascular
wall, we already see a significant increase in circulating progenitor cells that is associated with reactive
oxygen species and oxidative stress. 12 The purpose
of this is to maintain a sufficient concentration of endothelial progenitor cells for repair of the vascular
wall lesions caused by the pathological haemodynamic and biochemical factors that have been described
in hypertensive patients. The endothelial cells circulate in peripheral blood—though only in small numbers—and are responsible for neovascularisation in
adults.13,14 They can proliferate and differentiate into
endothelial cells and can heal the vascular wall. Vasa
et al studied patients with coronary artery disease and
found that in those who also had hypertension the migratory capacity of endothelial progenitor cells was
reduced, although their total number did not change
significantly.5 Indeed, the authors showed that hypertension is the risk factor that, more than any other,
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disturbs the normal migratory capacity of endothelial
progenitor cells. Experiments have shown that when
endothelial cells are exposed to increased mechanical
pressures they “age” prematurely and are replaced by
new endothelial cells that originate from differentiated stem cells.15 On the other hand, a firm correlation
between the numbers of these cells and blood pressure levels has not been established, with some studies finding statistical significance and others not. One
study of patients with malignant hypertension who
exhibited micro- and macrovascular dysfunction reported an increased number of circulating endothelial cells and endothelial progenitor cells, even when
the blood pressure was well controlled. 16 However,
the role of progenitor cells in hypertension has not
been sufficiently elucidated, and one could argue that
the reverse also applies: namely, the disturbances in
the function and the number of progenitor cells occur first, and lead to a reduction in the organism’s reserves for repair of endothelial damage—wherever it
may be—endothelial dysfunction and the appearance
of hypertension.
Certainly, the use of stem cells as a therapeutic
challenge in hypertension is still in its infancy and has
mainly been confined to experimental models of cardiac hypertrophy. In mice with myocardial hypertrophy caused by angiotensin infusion it has been found
that stem cell administration through the umbilical
cord resulted in reversal of the hypertrophy and the
conditions that led to heart failure.17
Stem cells and the renin-angiotensin-aldosterone system
Although the overall picture is still not clear, it appears that angiotensin II plays an important role in
all this. We know that angiotensin II dramatically reduces the activity of the telomerase enzyme—which
lengthens telomeres—in endothelial progenitor cells
and accelerates their senescence via an increase in oxidative stress. However, it seems that, more generally, angiotensin causes damage to these cells’ DNA.18
The renin-angiotensin-aldosterone system is implicated in the dysfunction of these progenitor cells and
inhibits their proliferation, phenomena that are countered to some degree by the presence of angiotensin
receptor antagonists.19 However, experiments by the
same group of investigators who demonstrated these
effects suggest that angiotensin may actually increase
the proliferation of endothelial progenitor cells when
those cells are also incubated with vascular endothelial growth factor. Although in itself it reduces their
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proliferation, it boosts their induction by vasculogenic
agents via an increase in receptors such as kinase domain receptor.20
Animal experiments have shown that two weeks’
therapy with candesartan in hypertensive rats restored
the number and the function of endothelial progenitor cells.21 In clinical studies, the administration of
angiotensin receptor blockers, such as irbesartan or
olmesartan, to patients with type 2 diabetes mellitus significantly increased the number of endothelial progenitor cells but not CD34+ haematopoietic
stem cells. 22 Also, the administration of angiotensin-converting enzyme inhibitors, such as ramipril,
for one month in patients with coronary artery disease improved the functional properties of endothelial progenitor cells and increased their number about
2.5-fold, independently of the effect the drug had on
blood pressure.23 These findings may be related to
the beneficial effects of these cells on vascular endothelial function in hypertensive patients.
In addition, via the activation of the angiotensin
type 1 receptors in these cells, they are also able to
differentiate into smooth muscle cells in the vascular
wall, a phenomenon that is diminished by the administration of angiotensin receptor blockers, leading to
a reduction in vessel hyperplasia.24 Similar effects to
those of angiotensin II are also seen to result from
the administration of aldosterone in animals, which
inhibits the function, the differentiation and the proliferation of progenitor cells, mainly via an increase
in oxidative stress.25 Finally, it has been reported that
the B2 bradykinin receptor is expressed to a great degree in CD34+ and CD133+ as well as in early endothelial progenitor cells, while bradykinin itself is for
them a powerful chemotactic agent.26
In conclusion, stem and progenitor cells have great
clinical significance in the pathophysiology of hypertension, as well as in its progression to heart failure
and atheromatosis. It is likely that, in the future, these
cells will be the target of a therapeutic approach aimed
at preventing or reversing target organ lesions.
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