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Terapia celular de  

regeneración – reparación miocárdica  

(perspectiva clínica) 



CUESTIONES CLÍNICAS  

1. ¿Existe la necesidad?   ☐ 

2. ¿Son convincentes los fundamentos  

biológicos y los datos preclínicos?  ☐ 

3. ¿Son prometedores los ensayos  

clínicos fase 1 y 2? ¿en qué subgrupos? ☐ 

4. ¿Seguimos? ¿Con qué nuevos estudios? ☐ 

Terapia celular de  

Regeneración Cardíaca  



Terapia de regeneración-reparación cardíaca  

¿es necesaria? 

Insuficiencia cardíaca: 

Causada mayoritariamente por infarto 

Alta prevalencia  

Mortalidad anual >20% (>50% al 4º año) 

Reingreso al 3º mes ≈25% 

2% del gasto sanitario en occidente 

No avances esperables en > 10 años 

Disponibilidad limitada TX 

Pts in WL: +20%/year 

# of TXs: - 3%/year 
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Terapia de regeneración-reparación cardíaca  

¿tiene fundamento? ¿funciona? 

Bergmann O. Science 2009 

Beltrani AP. N Engl J Med 2001 

• 50% of cardiomyocytes exchanged  

during  a normal life 

• Turnover 
2%/y (20 year age) 

0.5%/y (70 year age)  

Embryonic. Cao F. Circulation 2006 

Bone Marrow  (Orlic CD, PNAS 2001) 



Stem cells for heart repair  

“In vivo” research  

(meta-analysis)  

Van der Spoel T. et al. 2011  

52 studies 

• 34 RCTs 

• 18 Cohorts 

 

888 animals  

• pig, dog, sheep 

 

Ischemic LV dysfunction 

• Ischemia – reperfusion (23 trials) 

• Chronic occlusion (28 trial) 

 

Summary 

• Safe 

• Cells Improved LVEF (+7.5 %) 

• Predictors:  

number of cells (>107), type 

(mesenchymal), location (LAD), 

timing (>5 days)  

-10 -5 0 +5 +10 

RCT 

Cohort 

Total  

FAVOURS CONTROL FAVOURS CELLS 
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CLINICAL TRIALS  
CELLS:  

 Myoblasts  

 Bone marrow-derived cells 

 Adipose derived cells 

 

 

 

 

 

SETTING: 

 STEMI  

 Chronic infarction with ischemia, LV dysfunction or both  
 

DELIVERY: 

 Surgical (CABG or ventricular assistance) 

 Catheter-based (intracoronary, intramyocardial) 

 Stem cell therapy for  

ischemic heart disease   
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Results from 

phase 1 & 2 

clinical trials 

available  



Autologous BMSCs to treat STEMI 

PROMISING?    

 BMSCs vs standard Tx  or  

   placebo in RCTs 

 

 High heterogeneity  (product,  

  dose, timing) 

 

 No increase in mortality 

  and morbidity  

  (re-MI,  arrhythmias, restenosis,  

  readmission, TVR, cancer) 

 

 Trend toward better  clinical   

   outcomes with  BMSCs 

 

 Significant improvement  

   in LV outcomes  

 

 Predictors:  

  LV function, cell dose,  

  cell health, timing 

LV End-dyastolic volume  LV End-systolic volume  

LV Ejection Fraction     Myocardial lesion area   

Δ LVEF: + 2.9% 
(95% CI 1.2-4.7; p=0.0007) 

13 RCTs – 14 comparisons – N = 811 

Martin-Rendon  E. Eur Heart J. 2008 



Autologous BMSCs to treat STEMI 

PROMISING?    

Sánchez PL et al.2011 (Submitted)  

FAVOURS  

CONTROL 

FAVOURS  

CELLS 

 BMSCs vs standard Tx  

   or placebo in RCTs 

 

 High heterogeneity  (product,  

  dose, timing) 

 

 No increase in mortality 

  and morbidity  

  (re-MI,  arrhythmias, restenosis,  

  readmission, TVR, cancer) 

 

 Trend toward better  clinical   

   outcomes with  BMSCs 

 

 Significant improvement in LV  

   outcome  

 

 Predictors:  

  LV function, cell dose,  

  cell health, timing 

18 RCTs – 20 Comparisons – N = 1161  
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Courtesy of Prof.A. Zehier. TECAM 2009 (Madrid) 

Autologous BMSCs to treat STEMI 

PROMISING?    



The BAMI trial  
Intracoronary BMNCc on all causes mortality  

in acute Myocardial Infarction (N = 3000 pts) 

Funded  

by the EU*: 
 

11 Countries 

 

6 x 106
 € 

 

 

 

 

 

 
*Regenerative medicine 

clinical trials.  

FP7-HEALTH-2011 



 Stem cell therapy for  

ischemic heart disease   

CLINICAL TRIALS  
CELLS:  

 Myoblasts  

 Bone marrow-derived cells 

 Adipose derived cells 

 

 

 

 

 

SETTING: 

 STEMI  

 Chronic ischemia or LV dysfunction  
 

DELIVERY: 

 Surgical (CABG or ventricular assistance) 

 Catheter-based (intracoronary, intramyocardial) 

Phase 1-2 
Clinical trials 

Phase 1-2  
clinical trials 



Transendocardical (catheter) Transepicardical  (surgical) 

Stem Cell Delivery 

Intramyocardial  



Stem cell therapy  

for Chronic Ischemia - Infarction 

Trial N Cell type Delivery Primary endpoint Result 

MAGIC 97 SM  Transepi  LVEF 
V. Arrhythmias 

+/+++ 

Dib 23 SM Transendo LVEF and viability 
V. Arrhythmias 

-/+++ 

Losordo 24 CD34+ Transendo Angina 
Safe 

+/+++ 

PROTECT-CAD 28 BMMC Transendo  Angina  
Safe 

+/+++ 

Van Ramshorst 50 BMMC Transendo Angina & Perfusion  
Safe 

+/+++ 

C-CURE 2 45 
Cardiopoietic 

BMCs 
Transendo Angina & LV function 

Safe 

++/+++ 

STAR 395 BMMC Intracoron HF & LV Function 
Safe 

++/+++ 

PRECISE 27 ADRCs Transendo 
Angina & LV function and 

perfusion  

Safe 

++/+++ 



THE PRECISE TRIAL 

18-month Results (n=27)   

Fdez-Aviles F. ACC 2011 

Safety and feasibility of 

adipose derived fresh 

cells vs placebo in 27 

class 3-4 no option pts 

 

Double blinded. FU at 18 

months and 3 years 

 

Results: 

• Feasible & safe 

• No differences in LV 

outcomes or 

reversibility  

• Less angina 

• Higher exercise 

capacity 

• Better evolution of 

infarct size and Peak 

VO2  
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Terapia de regeneración cardíaca  

¿utilidad clínica? 

Material a sustituir:   
>1000 millones de  cardiomicitos 

Más:  

Otras células  

Bioestructura  3D de alimentación y soporte  

Muchos territorios sin explorar 

 

Tx de BMCs superior a terapia 

estándar en la prevención del 

remodelado adverso postinfarto 

 

 

Efecto favorable en isquemia crónica 

(angina, función VI) 

 

 

Resultados pobres o nulos en 

presencia de desestructuración 

extensa grave sin viabilidad  

(IC terminal o preterminall) 
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¿utilidad clínica? 

 

¿Papel terapia celular? 

 

¿alternativa al trasplante? 
 

 

Células con mayor plasticidad  

(potencia regenerativa) 

 

Estructuras 3D biocompatibles  

de soporte (trasplantables) 
 

Muchos territorios sin explorar 

 

Tx de BMCs superior a terapia 

estándar en la prevención del 

remodelado adverso postinfarto 
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(angina, función VI) 

 

 

Resultados pobres o nulos en 

presencia de desestructuración 
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The revolution of IPSCs  
(Induced pluripotent stem cells) 

Cells expressing  

the exogenous genes 

Isolation and 

culture of adult 

donor cells 

Transfection of stem cell-

associated genes into 

adult cells 

Harvest & culture  

of transfected cells 

(ES culture) 

Subsets of IPSCs  

generating ES-like colonies 

Cell. 2007 Science. 2007 

SAFETY? 



The revolution  

of tissue engineering 

The case of   

“victimless  

leather” 

Why not  

a heart? 

 

Or a part? 

Oron Catts and Ionat Zurr 

SymbioticA.  School of Anatomy & Human Biology University of Western Australia 

(www.tca.uva)  



Answers for end-stage heart failure  

Plasticity & Bio-artificial heart  

University 
of 
Minnesota 
(D. Taylor) 

Spanish  
National 
Transplant 
Organization- 
ONT   
(R. Matesanz) 

Other Partners: 
• CNIC 
• HGHGM 
• ICICOR-VH  
   Core-Lab 

Spanish Ministry of  
Science and Innovation Grants for 

 International Cooperative Research: 
 

SABIO (Scaffolds And BIOartificial autologous organs for 
transplantation) 
 

CARDIO-STEM (Regenerative Stem Cell Therapies for Heart 
Failure) 

Feasibility & safety  
of IPS vs Mesenchymal cells 

in big animals  
& humans   

Bank of cadaveric 
decellurarized scaffolds 
Autologous cell-based  

bioartificial organs  

HGUGM 

Salk Institute for Biological 
Studies (La Joya)  
Institute of Regenerative 
Medicine  (Barcelona 
(J.C. Izpísua) 



Scafolds And BIoartificial Organs  

for Transplantation (SABIO) 

MARCO – ACTIVIDAD  

ONT    

 
 
 
 
 
 
 

 
Comunidad de 

Madrid 
(Coordinadores 

centros) 
 

HGU  
Gregorio Marañón 
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 0 hours 24 hours 

72 hours 48  hours 

Human Heart Decell  



Human Heart Decell  



Corazón porcino intacto Matriz humana decelularizada Microcirculación  

Orientación fibras 

Human Heart Decell  

Macrocirculación 





Scafolds And BIoartificial Organs  

for Transplantation (SABIO) – Biocompatibilidad  

Cultivo de células mesenquimales  

sobre matriz cardiaca humana (7 días)  

Núcleos 

Citoplasm

a 
Cultivo de cardiomiocitos (H9c2) 

sobre matriz cardiaca humana (7 días)  

Masson 20x 

Reticulina 20x  



Scafolds And BIoartificial Organs  

for Transplantation (SABIO) 

	

¿parche recelularizado contráctil? 



CONCLUSIONES  

• La biología y datos preclínicos apoyan el concepto de regeneración-

reparación cardíaca basada en la utilización de células madres. 

• Su uso clínico es factible y seguro. En la fase aguda previenen la 

disfunción VI postinfarto. Su  efecto en la disfunción crónica es 

modesto (viabilidad). Las células disponibles no juegan ningún papel 

en presencia de transformación cicatricial y desestructuración 

extensa.  

• La aplicación conjunta de células con alta plasticidad y técnicas de 

ingeniería tisular será la solución de este problema 

• La decelularización del corazón humano es factible, permitiendo una 

preservación completa de su estructura macro y microscópica, con 

conductos vasculares perfundibles y válvulas morfológica y 

funcionalmente intactas. Estos hallazgos abren el camino de la 

ingeniería de órganos humanos complejos (estructuras bioartificiales 

3D trasplantables) 
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Bioartifical heart 

(recellurarization)  

Cell Delivery 
•  Perfusion 

•  Injection 

 

+ 

Any Cells 

Ability to add physiology 
Shear stress 
Pacing 
Mechanical training 

 





Primer órgano humano decelularizado 

MICROSCOPIA ELECTRÓNICA 

Pulmonary vein Aorta 
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ADSC processing 

The Cellution Device 

• Bedside 

• Real time  

• Autologous 

• CE Marked Device 



Stem cells for heart repair  

“In vivo” research  

(meta-analysis)  

Van der Spoel T. Et al. 2011  

Predictors  

of cell benefit 
 

Cell type  

• BMNCs less 

effective 

 

Model of disease: 

• Higher effect in 

LAD, chronic 

infarctions and late 

transfer 

 

Number of cells: 

• >107 more  

effective 



Incremento FEVI (2%) con 

terapia celular después de 

incluir todos  los estudios 

aleatorizados 

Valor de la p para todo el 

metaanalisis p<0.0001 
Representación desviada a 

favor de la terapia celular 

intracoronaria en IAM 
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THE PRECISE TRIAL 

18-month Results   

Feasible & safe 

 

No differences: 
 

• LV volumen and  

performance (Echo, MRI) 
 

• Reversibility 

(SPECT) 

 

ADRCs:  

• Less angina and better 

exercise capacity  
 

• Better evolution of  

Infarct Size and Peak 

Oxygen Consumption 

Fernandez-Aviles F. ACC 2011 

VO2 Max  

5

10

15

20

25

30

m
L

/k
g

/m
in

Control

Treated

p=0.03 (n=5)

(n=15)

baseline 18 months6 months

5

10

15

20

25

30

m
L

/k
g

/m
in

Control

Treated

p=0.03 (n=5)

(n=15)

baseline 18 months6 months

p=0.03 (n=5)

(n=15)

baseline 18 months6 months

5.2

-3

-7

-5

-3

-1

1

3

5

7

Control Treatment

%

p=0.04

n=5 n=8

5.2

-3

-7

-5

-3

-1

1

3

5

7

Control Treatment

%

p=0.04

n=5 n=8

Change in infarct size 

(delayed hyperenhancement)    



Stem cells for heart regeneration and repair  

“In vivo” research 

 

Messages for the clinician:  

 
1. Healthy stem cells regenerate myocardium  

in animal models (cell [plasticity], dose, 

receptor size) 

 

2. In some experiments regeneration is not 

observed (no integration, nothing) 

 

3. Heart outcome improves independently  

of regeneration 

 



CARDIAC 

REPAIR 

CELLULAR  
 

Transdifferentation into 

cardiomyocytes and  

supporting cells 

 

Fussion 

 

Scaffolding effect 

 

 

CARDIOPROTECTION 
 

RESTORATION 

PREVENTION OF EXPANSION 
 

TISSUE REGENERATION 

PARACRINE  

 
Resident cells activation 
 

Cytokine-induced residual myocytes 

proliferation 
 

Agiogenesis 
 

Inflammation 
 

Metabolic modulation 
 

< Apoptosis 

Stem cells for heart repair  

 Mechanisms   

? 



Bioartifical heart 

(decell) 

pig heart 

LV 

Courtesy of Prof. D. Taylor 

Rat Heart  


