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The discovery of endothelial progenitor
cells (EPCs) offers novel therapeutic

approaches for cardiovascular disease.1 The
number of EPCs and their function are nega-
tively affected by atherosclerotic risk factors.
In addition, the prognostic value of the
number of circulating EPCs has been
reported.2 Currently, the number and func-
tion of EPCs may represent a cellular risk
marker of vascular endothelial health.

Angiotenisn II (Ang II) increases oxidative
stress, leading to endothelial dysfunction. We
have shown previously that Ang II increases
the rate of senescence of EPCs via the stimula-
tion of superoxide formation.3 Inhibition of
Ang II signaling by Ang II receptor blockers
and angiotensin-converting enzyme inhibitors
has been reported to increase the number of
EPCs in patients with cardiovascular dis-
ease.4,5 It is likely that augmentation of the
renin–angiotensin system may be involved in
the pathogenesis of EPCs senescence, although
the precise mechanism remains unsolved.

In this issue of Hypertension Research, Calò
et al.6 address the potential mechanisms in
terms of Ang II-induced senescence of EPCs.
They have studied patients with Bartter’s/
Gitelman’s syndrome (BS/GS) patients as a
human model of blunted Ang II signaling,
thus presenting a unique system to explore
EPC biology and its relationship with vascu-
lar function (Figure 1). They show that EPC
sub-populations characterized by CD133+

kinase insert domain receptor (KDR)+ or
CD34+CD133+KDR+ cells and flow-mediated
vasodilation were significantly correlated in
BS/GS patients. They conclude that EPCs are
sensitive to Ang II signaling and that this

should indeed impact on the number and
function of the cells. Specifically, they propose
that the increased number of EPCs and
improved endothelial function in patients
with BS/GS syndromes are closely related to
upregulation of heme oxygenase-1 (HO-1)
possibly through stimulation of calcitonin
gene-related peptide (CGRP).

The authors consider several issues in the
interpretation of their findings. The first issue
is how EPC is defined. Cells positive for both
CD34 and KDR, which has been adopted as a
marker of EPCs, are able to proliferate and
differentiate into mature endothelial cells.
However, CD34 is expressed not only on
EPCs, but also on mature endothelial cells.
Currently, it remains to be unsolved whether
or not double-positive cells for CD34 and

KDR, reflect true EPCs capable of vascular
repair.7 EPCs are thought to consist of
heterogeneous populations from a more
primitive CD133+/CD34+/vascular endothe-
lial growth factor receptor (VEGFR)-2+ sub-
population to a more mature CD133�/
CD34+/VEGF-R2+ sub-population.8 Calò
et al. demonstrate that in BS/GS patients,
EPC populations, particularly CD133+KDR+

and CD34+CD133+KDR+, but not
CD34+KDR+ cells, strongly correlate with
both flow-mediated vasodilation and HO-1
gene expression. These data extend current
knowledge of the heterogenous EPC popula-
tion and may have implications for the treat-
ment of vascular disease and arterial injury.

The second issue for consideration is how
the increased HO-1 in BS/GS patients relates
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Figure 1 Ang II-induced EPC senescence in BS/GS syndromes. Ang II stimulates gp91phox expression,

a subunit of NADPH oxidase, via the angiotensin type 1 receptor, which leads to superoxide formation.
Oxidative stress caused by Ang II interferes with the ability of EPCs to proliferate, differentiate and

mobilize in the bone marrow. Oxidative stress also induces EPC senescence. Patients with BS/GS

syndromes, who may represent a human model of blunted Ang II signaling, have increased heme

oxygenase-1 and reduced Ang II-stimulated oxidative stress, leading to an increased number and

improved function of EPCs.
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to the increased number of EPCs. Calò et al.
suggest the involvement of CGRP, which
functions as an endogenous protector to
counteract the senescence of EPC in hyper-
tension.9,10 However, this remains to be clar-
ified in relation to the mechanistic effects of
HO-1 on CGRP production. It also remains
unknown whether CGRP accelerates senes-
cence of EPCs through telomerase-dependent
or -independent mechanisms. In addition,
the intracellular redox state in progenitor
cells is a critical modulator of the balance
between self-renewal and differentiation.
It would be interesting to investigate the levels
of antioxidants, such as manganese super-
oxide dismutase (MnSOD) and glutathione
peroxidase-1 (GPx-1), in EPCs from BS/GS
patients because competent EPCs have been
reported to possess high levels of these anti-
oxidants.11,12 Further investigation is required
into the relationship between the intracellular
redox state and the biological activity of EPCs
as well as into the role of potential mediators,
including CGRP.
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