
Pro g e n ito r c e ll 
th e ra p y in  a c u te  MI

J acob George
Tel Aviv Medical Center



The Endothelial cells as a paracrine factory



Is olation of putative progenitor endothelial cells  for angiogenes is .

As ahara et al. S c ie nc e  1997

S

Attachment, cluster formation, and capillary 
network development by progenitor ECs in vitro
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Endothelial progenitor cell hemostasis



(Endothelial progenitor cells (EPC

(

Common markers
   +CD34

+

   +Flk-1

+

   +Sca-I

+

   +AC133

+

VEGF, 
PlGF





Circulating endothelial progenitor cells , vas cular function, and 

cardiovas cular ris k.   Hill e t a l N E J M , 2003

H
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Im p a ire d  e n d o th e lia liz a tio n  a n d  in  
s te n t re s te n o s is

Number and adhesive properties of 
circulating endothelial progenitor 
cells in patients with in-stent 
restenosis. George et al. Arterioscler Thromb 
Vasc  Biol 2003
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Circulating progenitors after AMI
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George, J. et al. Eur Heart J 2004 25:1003-1008; doi:10.1016/j.ehj.2004.03.026
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Circulating endothelial progenitors in patients with ACS



Circulating E ndothelial P rogenitor Cells  and Cardiovas cular Outcomes  

( We rn e r e t a l. NEJM. Se p te m b e r, 2 0 0 5

N

• 
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Myocardial 
homing and 
biodistribution 
of 18F-FDG-
labeled BMCs

Potential mechanisms of 
benefit by progenitor cells in 
acute MI

•  Pa ra c rin e  e ffe c ts  
(re d u c e d  c m  
a p o p to s is , 
m o d u la tio n  o f 
in lfa m m a tio n )

i

• In c re a s e d  
a n g io g e n e s is

•  
Tra n s d iffe re n tia tio n



Wh ic h  c e ll to  b e  u s e d  fo r 
m yo c a rd ia l ?th e ra p y
• Bo n e  Ma rro w  d e riv e d  MSC
• EPC (PB, BM).

E

• Ca rd io m yo c yte
• De d iffe re n tia te d  EPC (CD1 3 3 + ,  KDR+ )

D



De liv e ry m o d e s  o f c e lls

# In tra v e n o u s
# In tra c o ro n a ry
# In tra m yo c a rd ia l
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TOPCARE-AMI Assmus, et al, Circ 2002
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Echocardiographic wall motion score index at rest (initial basal) and during low-dose 
dobutamine stimulation (initial 10 {micro}g dobutamine) at baseline before progenitor cell 

(therapy and at rest at 4-month follow-up (follow-up basal

(

In  p a tie n ts  w ith  AMI, in tra c o ro n a ry in fu s io n  o f a u to lo g o u s  p ro g e n ito r c e lls  a p p e a rs  to  b e  
.fe a s ib le  a n d  s a fe  a n d  m a y b e n e fic ia lly a ffe c t p o s tin fa rc tio n  re m o d e lin g  p ro c e s s e s

.



REPAIR-AMI,  NEJM, 2006

N

•BM cells versus medium.

B

• Recruited: 204 pts.

R

• 3-7 days post revascularization

• 4 month follow up quantitative LV 

angiogram

• Primary endpoint: change in LVEF

•Secondary: change in LVEDV, 

LVESV, regional wall motion



Intracoronary Bone Marrow–Derived P rogenitor Cells  in Acute 
Myocardial Infarction
RE P AIR-AMI. NE J M, 2006



Interaction between Change in LVE F  and Both Bas eline 
LVE F  and Time to Infus ion. R E P A IR  A M I, N E J M , 2006

R

The beneficial effects of 
BMC infusion on the 
recovery of contractile 
function were confined to 
patients who were treated 
more than 4 days after 
.infarct reperfusion

.
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Schachinger, V. et al. Eur Heart J 2006 27:2775-2783; doi:10.1093/eurheartj/ehl388
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Kaplan-Meier event-free survival analysis



In tra c o ro n a ry a u to lo g o u s  b o n e -m a rro w  c e ll tra n s fe r 
a fte r m yo c a rd ia l in fa rc tio n : th e  BOOST ra n d o m is e d  
c o n tro lle d  c lin ic a l tria l .  W o lle rt e t a l. L a n c e t, 2004

W



Copyright ©2006 American Heart Association

Meyer, G. P. et al. Circulation 2006;113:1287-1294

M

Global LVEF at baseline and at 6- and 18-month follow-up BOOST trial



In tra c o ro n a ry a u to lo g o u s  b o n e -m a rro w  c e ll tra n s fe r a fte r m yo c a rd ia l 
in fa rc tio n : th e  BOOST ra n d o m is e d  c o n tro lle d  c lin ic a l tria l



Autologous  bone marrow-derived s tem-cell trans fer in patients  with 
S T-s egment elevation myocardial infarction: double-blind,  
randomis ed controlled trial. J ans s e n e t al, Lanc e t 2006

•Do u b le  b lin d  PCB c o n tro l.

D

•  3 4  p la c e b o  v e rs u s  3 3  
BMSC
• En d p o in t: LVEF c h a n g e , 
in fa rc t s iz e , re g io n a l w a ll 

m o tio n  (MRI, PET)

m

• Fo llo w  u p : 4  m o n th s
•Tra n s fe rre d  c e ll n u m b e r: 
1 7 0  m illio n  m o n o n u c le a r 
c e lls



Autologous  bone marrow-derived s tem-cell trans fer in patients  
with S T-s egment elevation myocardial infarction: double-blind,  
randomis ed controlled trial. J a n s s e n  e t a l, L a n c e t 2006

J



Intracoronary Injection of Mononuclear Bone 
Marrow Cells  in Acute Myocardial Infarction. L u n d e , N E J M , 

2006

2

•Do u b le  b lin d  Pla c e b o  c o n tro l
• STEMI a n te rio r w a ll
• 4 7  BM v e rs u s  5 0  p la c e b o
• En d p o in t in  6  m o : LVEF, 

ESV, in fa rc t s iz e .

E

•En d p o in ts  a s s e s s e d  b y: 

SPECT, MRI, Ec h o .

S

•Me d ia n  tim e  a fte r in je c tio n : 6  
d a ys
• Me d ia n  n u m b e r o f 
tra n s fe rre d  c e lls : 1 0 0  m illio n s



Intracoronary Injection of Mononuclear Bone Marrow Cells  in 
Acute Myocardial Infarction. L u n d e , N E J M , 2006

L
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Intracoronary Injection of Mononuclear Bone Marrow 
Cells  in Acute Myocardial Infarction. L u n d e , N E J M , 2006

L
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Intracoronary Injection of CD133-P os itive E nriched B one 
Marrow P rogenitor Cells  P romotes  Cardiac Recovery After 
Recent Myocardial Infarction . B a rtu n e k  e t a l. C irc . 2005

•1 9  CD1 3 3 +  BMC v e rs u s  1 6  c o n tro ls
• MIBI SPECT, LV a n g io g ra m , PET
• 4  Mo n th  fo llo w  u p  w ith  re p e a t im a g in g .

4

• Me d ia n  tim e  a fte r PCI –  1 1 .6  d a ys .

M
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LV function and perfusion in treated patients and controls



Im p a c t o f In tra c o ro n a ry Ce ll Th e ra p y o n  Le ft Ve n tric u la r Fu n c tio n  in  th e  
Se ttin g  o f AMI: Me ta -An a lys is  o f Co n tro lle d  Clin ic a l Tria ls . L ip in s k y  e t a l. J A C C , 

2007

2



Stu d y Ye a r De s ig n

Pa tie n ts  
En ro lle d  
(Pa tie n ts  a t 

Fo llo w -Up )

F

Ce ll Typ e
Fo llo w -Up  

(Mo n th s )

(

Prim a ry En d  
Po in t

Im a g in g  
Mo d a lity fo r 
LVEF 
As s e s s m e n t

Stra u e r e t a l.  

(1 0 )

(

2 0 0 2

2

No n -RCT 2 0   (2 0 )

2

BMC 3

3

LVEF LV  a n g io g ra p h
y

Ba rtu n e k  e t a l. 

(1 1 )

(

2 0 0 5

2

No n -RCT 3 5   (3 5 )

3

BMC 4

4

Sa fe ty, LVEF LV  a n g io g ra p h
y,  SPECT

Ja n n s e n s  e t 

a l.  (8 )

a

2 0 0 6

2

RCT 6 7   (6 6 )

6

BMC 4

4

LVEF Ca rd ia c   MRI

BOOST (7 )

B

2 0 0 6

2

RCT 6 0   (6 0 )

6

BMC 1 8

1

LVEF, s a fe ty Ca rd ia c   MRI
Zh a n -Qu a n  e t 

a l.  (1 3 )

a

2 0 0 6

2

No n -RCT 7 0   (5 8 )

7

PMC 6

6

LVEF, LV 
v o lu m e s , 
WMSI

Ec h o c a rd io g ra
p h y

MAGIC 
CELL-3 -DES 

(1 2 )

(

2 0 0 6

2

RCT 5 6   (5 0 )

5

PMC 6

6

LVEF Ca rd ia c   MRI

TCT-STAMI 

(1 5 )

(

2 0 0 6

2

RCT 2 0   (2 0 )

2

BMC 6

6

LVEF Ec h o c a rd io g ra
p h y,   SPECT

ASTAMI ([2 ] 

a n d  [4 ])

a

2 0 0 6

2

RCT 1 0 0   (9 7 )

1

BMC 6

6

LVEF, EDV, 
in fa rc t s ize

SPECT,  MRI, 
e c h o

REPAIR-AMI 

(5 )

(

2 0 0 6

2

RCT 2 0 4   (1 8 7 )

2

BMC 1 2

1

LVEF LV  a n g io g ra p h
y

Me lu zin  e t a l.  

(1 6 )

(

2 0 0 6

2

RCT 6 6   (6 6 )

6

BMC 3

3

In fa rc t zo n e  
s ys to lic  
fu n c tio n

SPECT

Im p a c t o f In tra c o ro n a ry Ce ll Th e ra p y o n  Le ft Ve n tric u la r Fu n c tio n  in  th e  Se ttin g  
o f Ac u te  Myo c a rd ia l In fa rc tio n  A Co lla b o ra tiv e  Sys te m a tic  Re v ie w  a n d  Me ta -
An a lys is  o f Co n tro lle d  Clin ic a l Tria ls . Lip in s k y e t a l. JACC, 2 0 0 7

A





Co n c lu s io n s

• Ma rg in a l e ffe c t o n  g lo b a l LVEF.

M

• Fa ir Sa fe ty p ro file
• Fe a s ib le .

F

• Ca n  n o t d is c rim in a te  p ts  m o s t lik e ly to  
b e n e fit d u e  to  s m a ll n u m b e rs .

b



P otential explanation for the 
conflicting res ults

•Tim in g  o f Ce ll tra n s fe r w ith  re la tio n  to  PCI (REPAIR AMI).

T

• Th e  n a tu re  o f in je c te d  c e lls  (to ta l BM v e rs u s  CD1 3 3 ).

T

• Us e  o f im a g in g  to  q u a n tify e n d p o in ts  (LVEF).

U

•Se v e rity o f LV c o m p ro m is e .

S

• Diffe re n t n u m b e rs  o f c e lls .

D

• Diffe re n t p re p a ra tio n s  o f c e lls .

D



Cell is olation procedures  matter: a  comparis on of different 
is olation protocols  of bone marrow mononuclear cells  us ed for 
cell therapy in patients  with acute myocardial infarction. S e e g e r e t a l, 

E HJ . 2007

E

Fic o ll 
p ro to c o l

Lym p h o p re p  
p ro to c o l

P -v a lu e

Re c o v e ry o f 
BMC (1 0 6(

(

1 3  ± 2 5 .5

1

7 .6  ± 1 9 .1

7

0 .0 2 7

0

(% ) Via b ility

(

0  ± 9 9

0

0  ± 9 9

0

1 .0

1

CD4 5 +/CD3 4
+  BMC (1 0 5(

(

4 .8  ± 6 .8

4

3 .6  ± 4 .4

3

0 .0 4 3

0

CFU 3 9 1 9  ± 5 2 7 0

3

2 4 2 5  ± 3 8 9 1

2

0 .0 2 3

0

MSC 1 2 3  ± 2 3 0

1

1 6 0  ± 1 6 1

1

0 .0 1 5

0

CXCR4 +  
BMC

8 5 1  ± 1 3 5 7

8

2 9 2  ± 4 4 7

2

0 .0 2

0

Ba s a l 
in v a s io n  

(x1 0 3(

(

1 3 0 7  ± 1 2 4 4

1

3 8 4  ± 4 4 8

3

0 .0 4

0

SDF-1  
in v a s io n  

(x1 0 3(

(

1 2 8 7  ± 2 1 9 5

1

5 0 1  ± 8 2 2

5

0 .0 2

0

Pe rfu s io n  in  
h in d lim b  
 is c h a e m ia
(% )

(

2 3  ± 4 8

2

7 .5  ± 2 6

7

0 .0 1 2

0



L’Ab b é  p lo t s h o w s  th e  o v e ra ll tre n d  to w a rd  a  s ta tis tic a lly s ig n ific a n t a s s o c ia tio n  b e tw e e n  a v e ra g e  v o lu m e  in je c te d  in  th e  c u lp rit 
c o ro n a ry a rte ry a n d  a v e ra g e  c h a n g e  in  le ft v e n tric u la r e je c tio n  fra c tio n  (LVEF) a c ro s s  in c lu d e d  s tu d ie s  (s quares ),  w ith  th e  s ize  o f 

e a c h  s q u a re  p ro p o rtio n a l to  s a m p le  s ize . T h is  tre n d  s u p p o rts  th e  p re s e n c e  o f a  d o s e -re s p o n s e  re la tio n s h ip .

e

Im p a c t o f In tra c o ro n a ry Ce ll Th e ra p y o n  Le ft Ve n tric u la r Fu n c tio n  in  th e  Se ttin g  
o f Ac u te  Myo c a rd ia l In fa rc tio n  A Co lla b o ra tiv e  Sys te m a tic  Re v ie w  a n d  Me ta -
An a lys is  o f Co n tro lle d  Clin ic a l Tria ls . L ip in s k y  e t a l. J A C C , 2007
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Unsolved Questions

?How to define an endothelial progenitor cells (1

?

               ?Origin of endothelial progenitor cells-

?

               Definition of subpopulation with different-

                        ? functional capacities

?

Signals for EPC homing and differentiation in vivo (2

              Optimization of ex vivo culture conditions to-

                     ?enhance the benefit of cell therapy

?

              Influence of the severity of vascular damage on the-

                      ?contribution of EPCs to regeneration

?

Mechanisms of action (3

              Transdifferentiation capacity of different progenitor cells-

              Importance of paracrine effects-



HIF -1/2α overexpres s ion in endothelial progenitor cells

 phase contrast

 retroviral
 transduction

 GFP
analysis

GFP

co
ntro

l

HIF-1α
HIF-2α

hHIF-1α

hHIF-2α

GA3PDH

rHIF-2α

rHIF-1α

CELL THERAPY STUDIES- A GLIMPSE INTO THE FUTURE



CE LL THE RAP Y S TUDIE S - A G LIMP S E  INTO THE  
F UTURE

Day 0

D

Day 8

D

bFGF pellet
implantation

+

+

Injection of
     HIF-α transduced

cells

LZRS HIF-1α HIF-2αpellet only

**

*

**

*

*

*


