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EDITORIAL COMMENT

Understanding the Role of
Endothelial Progenitor Cells
in Cardiovascular Disease,
Coronary Artery Lesion
Progression, and
In-Stent Restenosis*
Robbert J. De Winter, MD, PHD, Margo Klomp, MD
Amsterdam, the Netherlands
Bone marrow-derived, circulating endothelial progenitor
cells (EPCs) were first described by Asahara et al. (1) in
1997. They discovered that EPCs have regenerative capacities and play an important role in vessel wall homeostasis.
Whereas animal studies have shown that these progenitor
cells beneficially influence the repair of endothelial cells after
injury and the progression of atherosclerosis (2,3), the role
of EPCs in humans is less well understood.
See page 78

In subjects with cardiovascular risk factors, such as
hypertension and diabetes mellitus, studies have shown that
the number of circulating EPCs is reduced, and their
function adversely affected (4,5). In contrast, elevated EPC
levels were seen in patients that suffered an acute myocardial
infarction (6) and patients that underwent a percutaneous
coronary intervention (PCI) (7). Unfortunately, studies
reporting on the number of circulating EPCs in patients
with coronary artery disease (CAD) fail to show agreement.
Some studies report that the EPC number is reduced in
patients with atherosclerotic disease (8,9), whereas other
studies report that EPC levels are indeed increased in CAD
patients (10,11). There is accumulating evidence that a
reduced number of EPCs is associated with the occurrence
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of ischemic cardiovascular events in patients with angiographically documented CAD (12,13).
Further assessment of circulating EPCs as surrogate
biological markers might be helpful to identify novel
therapeutic approaches to enhance endogenous vascular
repair and favorably modify the progression of cardiovascular disease. The establishment of a healthy, functional
endothelial layer may not only improve vascular homeostasis,
but by abluminal secretion of anti-inflammatory and antiproliferative factors may also reduce neointimal formation following stent placement. Currently, the novel bioengineered
Genous Endothelial Progenitor Cell Capturing Stent
(OrbusNeich Medical Technologies Inc., Fort Lauderdale, Florida) coated with antihuman CD34⫹ antibodies
attracting circulating EPCs is available in many countries
for the treatment of patients with clinically significant
CAD (14). Animal studies have shown that after only 60
min of incubation, a confluent monolayer of adherent
CD34⫹ cells was formed covering the stent struts (15–
17). In 2 small nonrandomized studies (HEALING–
FIM [Healthy Endothelial Accelerated Lining Inhibits
Neointimal Growth–First In Man] and HEALING II
studies), the safety and efficacy of the EPC-capturing
stent was demonstrated in patients with noncomplex
coronary artery lesions. The multicenter, randomized
TRIAS (TRI-Stent Adjudication Study) program is ongoing, in which the EPC capturing stent is compared to
drug-eluting stents and bare-metal stents and in which
EPCs before PCI will also be measured (18).
The number of circulating EPCs can be measured using
fluorescence-activated cell-sorting analysis and standard
gating techniques to detect surface marker expression. The
EPCs’ function can, in part, be measured by assessing their
colony forming capacity in vitro (19). Modalities to increase
the number or improve the function of EPCs may be
promising in the treatment of atherosclerotic disease.
Among these are physical exercise, administration of erythropoietin and treatment with statins (which enhance both
the number and functionality of EPCs). In addition, local
administration and systemic transfusion of vascular progenitor cells improves endothelial function and reduces atherosclerosis in animal models (20,21).
However, much remains to be clarified, including how
these cells are characterized. For example, in 1 study (22)
following angioplasty, level of circulating EPCs with a
functional phenotype increases, whereas no increase is seen
in the putative progenitor cells (CD34⫹KDR⫹) as characterized by surface marker expression, questioning whether
these represent the same cell populations. In addition, in a
recent large population study (23), hypertension, glycosylated hemoglobin, and plasma triglycerides were positively
correlated with circulating EPC numbers, and the investigators speculated this may represent a protective, compensatory response.
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In this issue of JACC: Cardiovascular Interventions, Pelliccia
et al. (24) examined the relationship between endothelial
progenitor cells (CD34⫹KDR⫹ and CD133⫹KDR⫹), cells
from the monocyte/macrophage lineage (CD45⫹CD14⫹),
and angiographic outcome at 8 months. A total of 155
consecutive patients with stable angina underwent PCI with a
bare-metal stent, and 20 healthy controls without CAD were
also studied. At 8-month follow-up, the patients were subdivided in 3 groups based on their angiographic characteristics:
patients without progression of CAD and without in-stent
restenosis (n ⫽ 103), patients with progression of coronary
atherosclerosis (n ⫽ 22), and patients with in-stent restenosis
(n ⫽ 30). The number of cells in each cell population was
prospectively measured the day before PCI and correlated with
quantitative coronary angiographic assessments of in-stent
restenosis and lesion progression on follow-up angiograms. No
significant differences among the groups were found regarding
the baseline clinical and angiographic characteristics although
the overall and subdivided subject numbers were all small.
Absolute numbers of EPCs, both CD34⫹/KDR⫹CD45–
and CD133⫹/KDR⫹/CD45–, were higher in patients with
in-stent restenosis than in patients without in-stent restenosis
and controls. In addition, the number of CD14⫹/CD45⫹
cells was higher in patients with restenosis than in patients with
lesion progression, patients in the stable CAD group, and in
the control group. In contrast to previous (cross-sectional)
studies, there was no significant difference in levels of EPCs
between those with CAD and normal controls. Pelliccia et al.
(24) concluded that patients who develop restenosis after
bare-metal stent placement have higher baseline numbers of
subpopulations of EPCs that incorporate into endothelial cells
or play a role in arteriogenesis compared with controls and
patients with either progression of coronary atherosclerosis or
stable disease. Specifically regarding the development of instent restenosis, the investigators speculate that an abnormal
engraftment of CD34⫹ and CD133⫹ EPCs causing excessive
intima proliferation and in-stent restenosis may occur particularly among patients who have greater levels of EPCs at time
of PCI. The results of Pelliccia et al. (24) are in contrast to
those from previous reports (25-27) on patients treated with
the EPC-attracting Genous stent. In 1 study, Duckers et al.
(27) observed that decreased in-stent late lumen loss was
associated with higher levels of circulating EPCs. These
interstudy differences may be explained by distinctions in study
designs or cell populations measured. In the study by Duckers
et al. (27), EPCs were assessed 6 months following PCI, no
bare-metal stents were used, and the cells identified as EPCs
were 7AAD–/CD45⫹/CD34⫹/KDR⫹, so-called viable
EPCs.
Considering these and other varied observations, one
could conclude that despite meaningful investigations, the
biology and clinical significance of EPCs in cardiovascular
disease remain poorly understood. It is possible, for example, that the CD34⫹ population may be composed of
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precursors of both endothelial and fibroblast phenotypes. It
is also illustrative that there is not a uniform unit of measure
when assessing the number of circulating EPCs. In different
studies, the number of EPCs has been expressed as number
of cells per 1,000 white blood cells, percentage per 100
peripheral mononuclear cells, fluorescence-activated cellsorting events per 10,000 counts, number of cells per 1 l,
or viable EPCs per 100 l. Again comparing the studies by
Pelliccia et al. (24) and Duckers et al. (27), even though
both included similar patients with stable angina, there is a
several-hundred-fold difference in the number of EPCs
reported. It is also not know if it is the CD34⫹/KDR⫹/
CD45– cells, the CD133⫹/KDR⫹/CD45– cells, or other
cells that are responsible for colony forming in the functional colony forming unit (Hill) assay (4).
In summary, Pelliccia et al. (24) conclude that patients
with restenosis have higher numbers of subpopulations of
EPCs than control patients and patients with either progression of coronary atherosclerosis or stable disease. These
results are appreciated and hopefully will be followed by
observations from other investigators. For the future, several
areas must be further pursued, including the characterization of bone marrow-derived circulating EPCs and subpopulations; the determination of factors that influence
their number, function, and biological significance, both in
healthy subjects and in patients with cardiovascular disease;
and the standardization of measurements and units of
measure to interpret results from different laboratories.
Reprint requests and correspondence: Prof. Dr. Robbert J. De
Winter, Department of Cardiology, B2-137, Academic Medical
Center, University of Amsterdam, PO Box 22660, 1100DD,
Amsterdam, the Netherlands. E-mail: r.j.dewinter@amc.uva.nl.

REFERENCES

1. Asahara T, Murohara T, Sullivan A, et al. Isolation of putative
progenitor endothelial cells for angiogenesis. Science 1997;275:964 –7.
2. Kong D, Melo LG, Mangi AA, et al. Enhanced inhibition of
neointimal hyperplasia by genetically engineered endothelial progenitor
cells. Circulation 2004;109:1769 –75.
3. Werner N, Priller J, Laufs U, et al. Bone marrow-derived progenitor
cells modulate vascular reendothelialization and neointimal formation:
effect of 3-hydroxy-3-methylglutaryl coenzyme a reductase inhibition.
Arterioscler Thromb Vasc Biol 2002;22:1567–72.
4. Hill JM, Zalos G, Halcox JP, et al. Circulating endothelial progenitor
cells, vascular function, and cardiovascular risk. N Engl J Med
2003;348:593– 600.
5. Vasa M, Fichtlscherer S, Aicher A, et al. Number and migratory
activity of circulating endothelial progenitor cells inversely correlate
with risk factors for coronary artery disease. Circ Res 2001;89:E1–7.
6. Shintani S, Murohara T, Ikeda H, et al. Mobilization of endothelial
progenitor cells in patients with acute myocardial infarction. Circulation 2001;103:2776 –9.
7. Banerjee S, Brilakis E, Zhang S, et al. Endothelial progenitor cell
mobilization after percutaneous coronary intervention. Atherosclerosis
2006;189:70 –5.

JACC: CARDIOVASCULAR INTERVENTIONS, VOL. 3, NO. 1, 2010
JANUARY 2010:87–9

8. Eizawa T, Ikeda U, Murakami Y, et al. Decrease in circulating
endothelial progenitor cells in patients with stable coronary artery
disease. Heart 2004;90:685– 6.
9. Vasa M, Fichtlscherer S, Adler K, et al. Increase in circulating
endothelial progenitor cells by statin therapy in patients with stable
coronary artery disease. Circulation 2001;103:2885–90.
10. George J, Goldstein E, Abashidze S, et al. Circulating endothelial
progenitor cells in patients with unstable angina: association with
systemic inflammation. Eur Heart J 2004;25:1003– 8.
11. Guven H, Shepherd RM, Bach RG, Capoccia BJ, Link DC. The
number of endothelial progenitor cell colonies in the blood is increased
in patients with angiographically significant coronary artery disease.
J Am Coll Cardiol 2006;48:1579 – 87.
12. Schmidt-Lucke C, Rossig L, Fichtlscherer S, et al. Reduced number of
circulating endothelial progenitor cells predicts future cardiovascular
events: proof of concept for the clinical importance of endogenous
vascular repair. Circulation 2005;111:2981–7.
13. Werner N, Kosiol S, Schiegl T, et al. Circulating endothelial progenitor cells and cardiovascular outcomes. N Engl J Med 2005;353:
999 –1007.
14. Klomp M, Beijk MA, de Winter RJ. Genous endothelial progenitor
cell-capturing stent system: a novel stent technology. Expert Rev Med
Devices 2009;6:365–75.
15. Kutryk MJ, Kuliszewski MA. In vivo endothelial progenitor cell
seeding for the accelerated endothelialization of endovascular devices.
Am J Cardiol 2003;92Suppl 6A:94L–5L.
16. Kutryk MJ, Kuliszewski MA. In vivo endothelial progenitor cell
seeding of stented arterial segments and vascular grafts (abstr). Circulation 2003;108:IV573.
17. Kutryk MJ, Kuliszewski MA. The Future Beyond Drug Eluting Stents:
Endothelial Cell Capture. Paper presented at: the 16th International
Symposium on Endovascular Therapy; January 25 to 29, 2004; Miami
Beach, FL.
18. Klomp M, Beijk MA, Verouden NJ, Tijssen JG, de Winter RJ. Design
and rationale of the TRI-Stent Adjudication Study (TRIAS) program.
Am Heart J 2009;158:527–32.

De Winter and Klomp
Editorial Comment

89

19. Hill JM, Zalos G, Halcox JP, et al. Circulating endothelial progenitor
cells, vascular function, and cardiovascular risk. N Engl J Med
2003;348:593– 600.
20. Ma ZL, Mai XL, Sun JH, et al. Inhibited atherosclerotic plaque
formation by local administration of magnetically labeled endothelial
progenitor cells (EPCs) in a rabbit model. Atherosclerosis 2009;205:
80 – 6.
21. Mai XL, Ma ZL, Sun JH, Ju SH, Ma M, Teng GJ. Assessments of
proliferation capacity and viability of New Zealand rabbit peripheral
blood endothelial progenitor cells labeled with superparamagnetic
particles. Cell Transplant 2009;18:171– 81.
22. Mills NL, Tura O, Padfield GJ, et al. Dissociation of phenotypic and
functional endothelial progenitor cells in patients undergoing percutaneous coronary intervention. Heart 2009;95:2003– 8.
23. Tilling L, Chowienczyk P, Clapp B. Progenitors in motion: mechanisms of mobilization of endothelial progenitor cells. Br J Clin
Pharmacol 2009;68:484 –92.
24. Pelliccia F, Cianfrocca C, Rosano G, Mercuro G, Speciale G, Pasceri
V. Role of endothelial progenitor cells in restenosis and progression of
coronary atherosclerosis after percutaneous coronary intervention: a
prospective study. J Am Coll Cardiol Intv 2010;3:78 – 86.
25. Lin Y, Weisdorf DJ, Solovey A, Hebbel RP. Origins of circulating
endothelial cells and endothelial outgrowth from blood. J Clin Invest
2000;105:71–7.
26. Sieveking DP, Buckle A, Celermajer DS, Ng MK. Strikingly different
angiogenic properties of endothelial progenitor cell subpopulations:
insights from a novel human angiogenesis assay. J Am Coll Cardiol
2008;51:660 – 8.
27. Duckers HJ, Silber S, de Winter R, et al. Circulating endothelial
progenitor cells predict angiographic and intravascular ultrasound
outcome following percutaneous coronary interventions in the
HEALING-II trial: evaluation of an endothelial progenitor cell capturing stent. EuroIntervention 2007;3:67–75.

Key Words: coronary artery disease 䡲 endothelial progenitor cells 䡲 percutaneous coronary intervention.

