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Atherosclerosis and endothelial dysfunction
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Coronary Endothelial dysfunction
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MULTICOLOR FLOWCYTOMETRY
- CLASSIFICATION OF EPCs -

• CD34 (hematopoietic/endothelial stem cell marker)

• CD133 (hematopoietic/endothelial stem cell marker)

• VEGFR2/KDR (endothelial marker)

• EARLY EPC: CD34neg/CD133pos/KDRpos

• INTERMEDIATE: CD34pos/CD133pos/KDRpos

• LATE: CD34pos/CD133neg/KDRpos

CD133 CD34KDR



How do we assessHow do we assess the role of the role of EPCs EPCs ??

•• Number of EPC.Number of EPC.

••The function of the The function of the EPCsEPCs

••Colony formation unitColony formation unit

••Tube formationTube formation
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Conclusions: A higher percentage of EPCs express OCN  
in patients with coronary atherosclerosis compared with 
subjects with normal endothelial function and no 
structural coronary artery disease.  These findings  have 
potential implications for the mechanisms of vascul ar 
calcification and for the development of novel mark ers 
for coronary atherosclerosis.
(J Am coll Cardiol 2008;52:1314-25) © 2008 by the 
American College of Cardiology Foundation
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Numbers  and Function of Progenitor cells in 
Patients with coronary endothelial dysfunction
Numbers  and Function of Progenitor cells in 

Patients with coronary endothelial dysfunction
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Coronary Endothelial Function & EPCs
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Coronary Endothelial Function Protocol
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Where are the Where are the EPCs EPCs coming from?coming from?

-60

-40

-20

0

20

40

60

80

100

Normal Normal Abnormal Abnormal 

Gradient CD34+/KDR+ across the coronary 
circulation in patients with endothelial dysfunctio n

Consumption of Consumption of 
these cellsthese cells



Thus, a large population of vascular progenitor cel ls existing in the 
adventitia can differentiate into SMCs that contrib ute to atherosclerosis. 
Our findings indicate that ex vivo expansion of the se progenitor cells may 
have implications for cellular, genetic, and tissue  engineering approaches 
to vascular disease.
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Relation Between the Number of Endothelial 
Progenitor Cells and Endothelial Function

Relation Between the Number of Endothelial 
Progenitor Cells and Endothelial Function

Hill et al:  NEJM 348(7):597, 2003Hill et al:  NEJM 348(7):597, 2003

0

10

20

30

40

50

60

70

0 2 4 6 8 10 12 14 16

Change in brachial reactivity (%)Change in brachial reactivity (%)

CP1099981-3

E
nd

ot
he

lia
l p

ro
ge

ni
to

r 
ce

lls
(c

ol
on

y-
fo

rm
in

g 
un

its
)

E
nd

ot
he

lia
l p

ro
ge

ni
to

r 
ce

lls
(c

ol
on

y-
fo

rm
in

g 
un

its
) r=-0.59

P<0.001
r=-0.59
P<0.001



0.90

0.92

0.94

0.96

0.98

1.00

0 100 200 300 400365365

CP1271373-24

Werner et al:  NEJM 353:999, 2005Werner et al:  NEJM 353:999, 2005

Cumulative Event-Free Survival in an Analysis of 
Death from CV Causes at 12 Months, According to 

Levels of Circulating CD34+KDR+ Endothelial 
Progenitor Cells at the Time of Enrollment
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Maneuvers that improve both Maneuvers that improve both 
endothelial function and endothelial function and EPCsEPCs

••systemic increase.systemic increase.

MedicationMedication

ExerciseExercise

••Local increase.Local increase.

Local deliveryLocal delivery

Increase homing: Increase homing: StentsStents
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Werner et al:  NEJM 353:999, 2005Werner et al:  NEJM 353:999, 2005

Conclusions:  The level of circulating CD34+KDR+ en dothelial 
progenitor cells predicts the occurrence of cardiov ascular 
events and death from cardiovascular causes and may  help to 
identify patients at increased cardiovascular risk.



30ml

Fibronectin substrate
Endothelial Growth Medium
VEGF, IGF, EGF, FGF, 2% FBS,
HC, heparin, ascorbic acid

3F balloon,  105 CMMCs

Density gradient
centrifugation

Day 0 Day 28

Day 7

••TrackingTracking
••EndothelializationEndothelialization
••NeointimaNeointima
••Vascular FunctionVascular Function
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Local CMMC Delivery Accelerates 
Reendothelialization After Balloon Injury

Local CMMC Delivery Accelerates 
Reendothelialization After Balloon Injury

Guluti and Lerman et al:  Circ 108, 2003Guluti and Lerman et al:  Circ 108, 2003
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We investigated whether replenishment with EPCs wou ld 
protect the renal microcirculation in chronic exper imental 
renovascular disease
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Conclusions: The present study shows that a single 
intrarenal infusion of autologous EPCs preserved 
microvascular architecture and function and decreas ed 
microvascular remodeling in experimental chronic RA S.



Maneuvers that improve both Maneuvers that improve both 
endothelial function and endothelial function and EPCsEPCs

••systemic increase.systemic increase.

MedicationMedication

ExerciseExercise

••Local increase.Local increase.

Local deliveryLocal delivery

Increase homing: Increase homing: StentsStents



Are we increasing the right Are we increasing the right EPCsEPCs??

Is increasing the endogenous Is increasing the endogenous 
EPCs EPCs the right approach?the right approach?

Are all Are all EPCs EPCs equally beneficial?equally beneficial?



Objectives – Recent clinical trials use cell therapy  with 
bone marrow (BM) cells or endothelial progenitor ce lls 
(EPCs) for ischemic syndromes. We explored the effe ct 
of BM cell- or spleen cell-derived EPC transfer on 
plaque size and stability markers in the apolipoprot ein 
E knockout (apoE KO) mouse model .
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Heiss et al:  JACC 45:1441, 2005Heiss et al:  JACC 45:1441, 2005
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Heiss et al:  JACC 45:1441, 2005Heiss et al:  JACC 45:1441, 2005

Endothelial Progenitor Cell Function
in Old and Young Individuals
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Correlations of Endothelial Function and 
Endothelial Progenitor Cell Function

CP1271373-10Heiss et al:  JACC 45:1441, 2005Heiss et al:  JACC 45:1441, 2005
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We identified an substantial percentage of circulat ing 
cells with osteogenic potential by flow cytometry
using antibodies for the osteoblast-specific protei n, 
osteocalcin

M1

7% OCNpos cells in 
lymphocyte gate



Mineralization AssaysMineralization Assays

Gössl and Lerman et al:  JACC 52:1314, 2008Gössl and Lerman et al:  JACC 52:1314, 2008
CP1333354-25

In vitro mineralization assay of CD34 + cells from an anonymous blood donor 
using (A) von Kossa staining and (B) alizarin red st aining, and (C) of peripheral 
blood mononuclear cells from a patient with LCA (al izarin red stain); in these 
cultures, cells were exposed to Ca 2+ for 5 days followed by 21 days of culture in 
osteoblast differentiation medium; all images are at  4 x magnification

In vitro mineralization assay of CD34In vitro mineralization assay of CD34 ++ cells from an anonymous blood donor cells from an anonymous blood donor 
using (A) von using (A) von KossaKossa staining and (B) alizarin red staining, and (C) of peripheral staining and (B) alizarin red staining, and (C) of peripheral 
blood mononuclear cells from a patient with LCA (al izarin red stblood mononuclear cells from a patient with LCA (al izarin red st ain); in these ain); in these 
cultures, cells were exposed to Cacultures, cells were exposed to Ca 2+2+ for 5 days followed by 21 days of culture in for 5 days followed by 21 days of culture in 
osteoblastosteoblast differentiation medium; all images are at 4 x magni ficationdifferentiation medium; all images are at 4 x magni fication
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Consumption of CD34+/KDR+ /OC+ across the 
coronary circulation in patients with endothelial 

dysfunction
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