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IntroductionIntroduction

Endothelial progenitor cells (EPCs) are bone marrow-derived progenitor cells
able to differentiate into mature endothelial cells

These cells significantly contribuite to the re-endothelialization and 
neovascularization after tissue ischemia in vivo

Postnatal neovascularization has predominantly been attributed to
angiogenesis, which is characterized by mature endothelial cell proliferation, 
migration and remodeling. In 1997 ASAHARA et al. demonstrated that purified 
CD34+ hematopoietic progenitor cells from adults can differentiate ex–vivo to 
an endothelial phenotype
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CD34+ CD34+ cell levels cell levels in the in the presence presence (+) or (+) or absence absence ((--) of ) of classical risk factorsclassical risk factors
and and established established CVD (n=214)CVD (n=214)

Fadini et al, Eur Heart J, 2006
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Statins

Estrogen/Estradiol 

Erythropoietin

Regular physical exercise

Resveratrol at low concentration 

PPAR-γ agonists (rosiglitazone- pioglitazone)

G-CSF

Number and functional
activity of EPCs

Factors influencing EPCs



Influence of a single exercise bout on EPCs in healthy 
subjects

Rehman et al, JACC 2004
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Design of the Design of the studystudy

T0

Pre-exercise test  
(measurement of 

EPCs, CPCs, 
biochemical and 
anthropometric

parameters)

T1

After three months of a 
personalized

programme of physical
activity (measurement

of EPCs, CPCs, 
biochemical and 
anthropometric

parameters)

80 overweight non-diabetic subjects with a median age of 44 
(range: 24-65) years and a mean BMI of 31.2±4.9 underwent a 

maximal stress exercise test with maximal oxygen uptake (VO2max)

Physical activity prescription

Follow-up
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Walther et al, Eur J Card Prev Rehab, 2008 

Differences on CD34+/KDR+ and CD133+/KDR+ cells in 
students in relation to a physical education program (n=92) 
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Migratory capacity of EPCs and correlation analysis between 
EPCs and exercise capacity of the school children (n=92) 
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Walther et al, Eur J Card Prev Rehab, 2008 



A randomized trial on 182 children (mean age 11.1 
years) were randomized to an intervention group with 
daily school exercise lessons for 1 year and a control 
group with regular school sports twice weekly

Walther et al, Circulation 2009 



Effect of increased exercise in school children on endothelial 
progenitor cells - A prospective randomized trial

Walther et al, Circulation 2009 



Adams V et al, ATVB 2004

Impact of symptoms-limited exercise on EPCs’ mobilization 



Physical training and EPCs

Laufs et al, Circulation 2004



Steiner et al, Atherosclerosis 2005

Endurance training and EPCs
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EPCs’ mobilization after 3 months of cardiac rehabilitation
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Cesari et al, Atherosclerosis 2008

CirculatingCirculating EndothelialEndothelial ProgenitorProgenitor CellsCells and and inflammationinflammation in in 
patientspatients beforebefore and after and after cardiaccardiac surgerysurgery (n=92)(n=92)



Cardiac rehabilitation Cardiac rehabilitation programprogram

Rehabilitation Gym:
• Pulmonary rehabilitation
• Free exercises
• Aerobic training stationary bicycles and trademill

Cardiac rehabilitation program lasts for 15 days and 
consists of 2 phases:

Clinical rehabilitation program:
• Pulmonary rehabilitation
• Active and passive mobilization with onset of deambulation





n.s.811.0(126.4-8967.0)711(248.9-5439.0)NT-ProBNP, pg/mL

<0.05147.5 (59.8-898.8)183.5 (77.5-1105.0)IL-1ra, pg/mL

n.s.28.0 (3.4-136.9)32.7 (5.4-98.3)IL-10, pg/mL

n.s.19.7 (8-317.0) 20.2 (6.9-80.8) IL-8,  pg/mL

n.s.131.4 (17.5-776.2)174.7 (15.3-730.6)VEGF, pg/mL

n.s.19.1 (11.5-33.7)17.9 (10.4-152.1)IL-6, pg/mL

n.s.10 (1.4-75)10 (3.2-74)hs-CRP, mg/L

<0.050.21 (0-1.43)0.13 (0-0.81)CD34+/CD133+/ KDR+ (cells/μl)

<0.050.32 (0-1.66)0.20 (0-0.87)CD133+/ KDR+ (cells/μl)

<0.050.32 (0-2.71)0.17 (0-3.92)CD34+/ KDR+ (cells/μl)

p≥23%<23%Variable

Differences in EPC number, cytochemokines, hs-CRP and NT-ProBNP
according to the median improvement in  6MWT at the end of the 

rehabilitation program (n=86)

Cesari et al, Thrombosis and Haemostasis 2009
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ClinicalClinical design of the design of the studystudy

Admission to the 
Rehabilitation Unit

T1

Measurement of 
EPCs, CRP, NT-

ProbNP, D-dimer and 
cardiopulmonary
exercise testing

21-30 days

End of the 
rehabilitation

program

T2

Measurement of 
EPCs, CRP, NT-

ProbNP, D-dimer and 
cardiopulmonary
exercise testing



StudyStudy populationpopulation

Inclusion criteria were:

•Age below 75 years

•Under statins treatment

•Onset of the CR program at least 30 days after PCI 

55 patients (45M; 10F); median age: 58 (41-74) years

Admitted to a four weeks exercise-based cardiac rehabilitation
(CR) program after acute coronary syndrome (ACS) and 
percutaneous coronary intervention (PCI)



Cardiac rehabilitation Cardiac rehabilitation programprogram

Rehabilitation gym:
•Stretching and flexibility exercises
• Aerobic training on a stationary bicycle or on a trademill
•Cardiovascular risk factors management counseling

Cardiac rehabilitation program lasts for 30 days and 
consists of:



EPC T1 STEMI NSTEMI p
CD34+/KDR
(x 106 events)

10 (0-27) 3 (0-10) 0.05

CD133+/KDR+
(x 106 events)

10 (0-27) 3 (0-7) 0.08

CD34+/CD133+/KDR+
(x 106 events)

10 (0-27) 3 (0-7) 0.04

EPC T1 PTCA+BMS PTCA+DES p

CD34+/KDR
(x 106 events)

10 (0-27) 7 (0-20) 0.04

CD133+/KDR+
(x 106 events)

10 (0-27) 7 (0-17) 0.07

CD34+/CD133+/KDR+
(x 106 events)

10 (0-27) 7 (0-17) 0.03

EPCsEPCs numbernumber at at baselinebaseline and and clinicalclinical characteristicscharacteristics (n=55) (n=55) 



EPCs modifications at the end of the rehabilitation period 
(n=55)

p=0.01
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Risultati preliminari (n=55)
Performance fisicaCardiopulmonary parameters modifications at the end of the rehabilitation 

period (n=55)
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EPCs Watt max VO2max

CD34+/KDR r=0.30 p=0.03 r=0.30 p=0.03
CD133+/KDR+ r=0.30 p=0.03 r=0.30 p=0.03

CD34+/CD133+/KDR+ r=0.30 p=0.03 r=0.32 p=0.02

EPCs Δ Watt max Δ VO2max

Δ CD34+/KDR r=0.30 p=0.02 r=0.30 p=0.23

Δ CD133+/KDR+ r=0.30 p=0.03 r=0.30 p=0.12

Δ CD34+/CD133+/KDR+ r=0.30 p=0.05 r=0.30 p=0.05

Risultati preliminari (n=55)
Correlazioni

Correlation analyses between EPCs and cardiopulmonary parameters
(n=55)



Clinical Parameters A (n=35) B (n=20) p

Age (years) 56±8 61±8 0.05

FC at rest (bpm) 60±9 64±8 0.09

Watt max T0 140±137 115±32 0.02

VO2 max T0  (ml/Kg/min) 21±5 18±4 0.03

CRP T0 (mg/l) 3.4±3 5.2±3 0.03

Risultati preliminari (n=55)
Differenze tra gruppo A e B

Clinical parameters in group A and group B patients

Group A: patients with an increase of EPCs 

Group B: patients with a decrease or with no increase of EPCs



Risk factors A (n=35) B (n=20) p

Smoking Habit 46% 75% 0.03

Dyslipidemia 43% 45% 0.9

Diabetes 30% 20% 0.8

Obesity 3% 20% 0.03

Hypertension 31% 45% 0.32

Risultati preliminari (n=55)
Differenze tra gruppo A e B

Gruppo A: pazienti con Δ EPC positivoGroup A: patients with an increase of EPCs 

Group B: patients with  a decrease or with no increase of EPCs

Prevalence of cardiovascular risk factors in group A and 
group B patients



Circulating EPCs are associated with 
cardiovascular risk profile and physical fitness

Conclusions

Short and mid-term exercise regimens have a 
beneficial effects on the mobilization of EPCs in 
adults healthy subjects, CAD patients and in 
school children
Long-term observations are required to establish 
the real  impact  of physical exercise on EPCs in 
reducing the cardiovascular risk burden


