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Diabetes mellitus profoundly affects vascular biology, and
its associated complications are related to impairment of
macro- and microvascular beds. The reasons for the
aggressiveness of diabetic vasculopathy are incompletely
understood, but it has long been established that the
vascular endothelium plays a central role. Novel insights
followed the discovery that a population of bone marrow-
derived cells is a source of endothelial cells [1]. As
demonstrated experimentally, critical functions of the
cardiovascular system, such as maintenance of endothelial
integrity and generation of new blood vessels, involve the
bone marrow through so-called endothelial progenitor cells
(EPCs) (reviewed in [2]). It is not difficult to perceive how
impairment of EPCs could promote the development of
cardiovascular disease in its many forms. According to this
hypothetical model, in patients with multiple risk factors
that promote endothelial damage, a reduction in the number
of EPCs would prevent endothelial repair, thus favouring
the development of atherosclerotic lesions. This would be

followed by impaired restoration of blood flow in ischae-
mic tissues, as a result of defective angiogenesis, contrib-
uting to disease progression [2]. This is why the
observation that type 1 and type 2 diabetic patients have
dysfunctional and severely reduced EPCs has led to a novel
pathogenic model of diabetic complications [3].

In this issue of Diabetologia, Egan et al. provide further
demonstration of a reduction in EPC levels in unselected
type 2 diabetic patients [4]. To understand why another
confirmatory study was needed, we have to take a few steps
backwards, because this hot topic has prompted broad
discussion on ways of identifying and isolating the blood-
derived progenitors [5]. EPCs were originally separated
from cells expressing the stem cell antigen CD34 or the
endothelial antigen known as kinase insert domain receptor
(KDR) [1]. In subsequent early studies, EPCs were
identified as CD34+ KDR+ cells and measured by flow
cytometry. However, CD34 is also an endothelial antigen
and KDR is also expressed on haematopoietic progenitor
cells. Thus, these antigens might not distinguish haemato-
poietic progenitor cells from endothelial progenitor cells
and mature endothelium. To overcome this problem, some
investigators proposed that the parallel use of the stem cell
antigen CD133 could restrict the analyses to progenitor
cells only, because it is never expressed on mature
endothelium. Unfortunately, the CD34+ CD133+ KDR+

phenotype is quite difficult to measure reliably, and there
are data (conflicting indeed) indicating that these cells are
not endothelial, but haematopoietic progenitors [6, 7],
likely reflecting that EPCs and blood cells have a common
antecedent (the haemangioblast) in adulthood as well as
during embryonic development. Other markers have been
used to characterise EPCs, but none of several complex
antigenic combinations can unambiguously define these
cells [5]. Thus, disparate EPC phenotypes continue to be
used, and results are not always consistent, such that direct
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comparison of studies is not always possible. Moreover,
attributing a biological function to a relatively simple antigenic
phenotype is an abstraction that may not always hold true, as
highlighted in a recent commentary published in Diabetologia
[8]. Unfortunately, there are also a wide variety of methods
used to isolate and culture EPCs, which can produce
different, even conflicting, results and interpretations [9, 10].

At this point, one might even wonder whether EPCs
really exist as a unique entity and, being so elusive in
nature, whether they actually play an important role in
diabetic complications. There are different ways of fairly
addressing these provocative issues [10]. First, experts
could meet together and reach a consensus on EPC
methods. Second, each research group could undertake an
extensive evaluation of their ‘putative EPCs’ to unequivo-
cally demonstrate endothelial differentiation in vitro and in
vivo. Third, there could be a systematic assessment of
multiple putative EPC phenotypes in relation to a given
medical condition. This latter approach has been imple-
mented by Egan and colleagues, who purportedly assessed
many cellular phenotypes simultaneously, with the aim of
documenting a definite pattern of progenitor cell reduction
in diabetes. Consistent with previous studies, the number of
CD34+ and CD34+ KDR+ cells were found to be lower in
diabetic than non-diabetic participants [11, 12], but the
authors went further, showing reductions in other pheno-
types, such as CD133+ , CD117+ , CD133+ KDR+ , CD34+

CD133+ KDR+ , CD117+ KDR+ and CD34+ CD31+ . This
is in itself a major advancement, as it establishes diabetes
mellitus as the only clinical condition for which a decline in
circulating progenitors has been demonstrated so extensive-
ly and comprehensively. Recent results on the effects of
hyperglycaemia on cultured EPCs [13, 14] leave no doubt
as to the negative effect of diabetes on these cells.
However, different progenitor phenotypes partially overlap
and have different biological meanings. For example, while
total CD34+ and CD133+ cells are mostly haematopoietic,
cells bearing endothelial antigens have various degrees of
endothelial commitment and differentiation, KDR marking
immature, and CD31 more mature EPCs. To further
complicate this picture, the tyrosine kinase receptor
CD117 (c-kit) is also expressed on tissue-resident stem/
progenitor cells, and these cells may be found in the
bloodstream as the result of an equilibrium between the
circulation and tissue niches, or as a result of tissue damage
[15]. Remarkably, experimental diabetic cardiomyopathy
has been related to a reduction in CD117+ cardiac-resident
progenitor cells [16], which can be detected in the
bloodstream in certain conditions [17]. The study by Egan
et al. moves away from strictly considering progenitors for
the endothelial lineage towards a more general evaluation
of multi-lineage progenitor cells that may have important
functions in the cardiovascular system of diabetic patients.

It would be worthwhile to further investigate whether different
progenitor cell phenotypes are differentially modulated in the
presence of specific patterns of diabetic complications in a
manner consistent with their lineage and function.

Mechanistically, the authors attributed the profound
reduction in progenitor cells to impaired bone marrow
mobilisation, because of the lower expression of CXCR4 in
diabetic vs control peripheral blood mononuclear cells and
CD34+ cells. While binding of the chemokine stromal-
derived factor-1 (SDF-1) to its receptor, CXCR4, is indeed
involved in EPC mobilisation and homing [18], CXCR4 is
cleaved after cell mobilisation, contributing to transient cell
dysfunction [19]. Therefore, data on CXCR4 expression
cannot be used to draw conclusions on mobilisation
capacity under steady-state conditions. Moreover, the
authors did not measure plasma SDF-1 concentrations,
precluding a full assessment of the SDF-1–CXCR4 axis,
and limiting the interpretation of the reduced CXCR4
expression in diabetes. Levels of the ligand vascular
endothelial growth factor (VEGF), which binds to KDR,
and soluble c-kit ligand (KitL), which binds to CD117,
should also be determined, as they have mobilising activity
and modulate receptor expression [20] (Fig. 1).

The extraordinarily consistent reduction of almost all
these circulating cells in diabetes raises the question of
whether this represents a non-specific failure of the bone
marrow, rather than a targeted alteration of lineage-
committed progenitors. While this sort of bone marrow
‘stunning’ might therefore represent a disease epiphenom-
enon, we have reasons to believe that the pattern of
progenitor cell demodulation in diabetes is causally related
to disease complications. Nguyen et al. have shown that
myofibroblast progenitor cells are increased in number in
diabetic patients compared with controls [21], highlighting
that such a dysfunction is selective for cardio- and vasculo-
protective progenitors, while there may be a concomitant
expansion of circulating cells with pro-remodelling activi-
ties. If a bone marrow defect is present, it seems to be
reversible, because glucose-lowering therapies has been
shown to restore the level of circulating progenitors to some
extent [22–24]. Finally, as shown previously and confirmed
by Egan et al., progenitor cell decline was linearly
correlated with the severity of diabetic complications. All
these observations do not necessarily prove that deregula-
tion of progenitor cells promote diabetic complications, but
are consistent with experimental studies suggesting protec-
tive effects of EPCs and detrimental effects of smooth
muscle-like progenitors [25].

Regardless of the pathogenic implications, progenitor
cell levels may be used as surrogate biomarkers in the
clinical setting. Clinical studies on diabetic complications
provided strong evidence of EPC alterations in the setting
of macrovascular disease, while there are fewer data on
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microangiopathy, with the exception of retinopathy [3]. In
conductance vessels, EPC impairment can be related to the
development of atherosclerosis, while in resistance vessels
it may lead to microvascular rarefaction. Remarkably, the
study by Egan et al. shows that microvascular involvement
was more consistently associated with the downregulation
of different progenitor cell phenotypes than was the
macroangiopathic burden. However, the literature still lacks
specific studies on human diabetic neuropathy and ne-
phropathy. The difficulty inherent to the design of such
studies is that type 2 diabetic patients have concomitant risk
factors, such as hypertension and dyslipidaemia, and often
present with more than one complication and/or comorbid-
ities. Multivariable analyses are usually performed to
control for these factors, as done in this case, but the
impact of such results may be limited because of colinearity
and residual confounding. To gather less complicated data,
selection of patients becomes critical: patients with good
glycaemic control and without comorbid conditions or

concomitant risk factors who develop diabetes-specific
complications may provide valuable information on the
role of progenitor cells in diabetic complications.

Longitudinal studies are the next step. Clinical utility
would come from the observation that progenitor cell
reduction predicts the development or progression of
diabetic complications. For example, do EPC levels predict
decline of glomerular filtration rate in microalbuminuric
patients? Do EPCs predict future retinal neoangiogenesis?
Given the supposed common pathogenesis between vascu-
lar disease and insulin resistance, do they even predict
development of type 2 diabetes? If these questions are
positively answered, and if experimental models continue
to support a direct role for progenitor cell alterations in
diabetic complications, we will finally be compelled to
consider cell-based therapies in our patients.

Duality of interest The author declares that there is no duality of
interest associated with this manuscript.

Fig. 1 The role and meaning of surface antigens in progenitor cell
function and regulation. Typical antigens that characterise progenitor
cells can be distinguished into stem cell markers (CD34, CD133 and
CD117), mobilising receptors (CD117, CXCR4 and KDR) and
endothelial markers (KDR and CD31). CD34 might also be
considered an endothelial antigen. CXCR4 and KDR ligands (SDF-1
and vascular endothelial growth factor [VEGF], respectively) activate
bone marrow matrix metalloproteinase (MMP)9-mediated cleavage of
membrane-bound c-kit ligand (KitL). Upon binding to its receptor,

CD117, soluble KitL promotes stem/progenitor cell release into the
circulation. MMP9 could digest not only membrane KitL, but also
CXCR4 expressed on the surface of progenitor cells (red arrows). As a
result, recruitment of progenitor cells is transiently inhibited, as long
as they persist in the bloodstream. In experimental diabetes,
impairment of the SDF-1–CXCR4 and VEGF–KDR axes, together
with reduced bone marrow responsiveness, contribute to the decrease in
circulating levels of progenitor cells [23]
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