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Cardiovascular Diseases (CVD)

Number one cause of death in the world: 30% of all global deaths• Number one cause of death in the world: 30% of all global deaths

• Nearly half (48%) of all deaths in Europe

• Spain: 31 2% of all deaths• Spain: 31.2% of all deaths

Cardiovascular Diseases, World Health Organization (WHO). Estimates for 2005. Available at http://www.who.int/cardiovascular_diseases

British Heart Foundation Estimates for 2008 Available at http://www heartstats orgBritish Heart Foundation. Estimates for 2008. Available at http://www.heartstats.org.

Instituto Nacional de Estadística (INE). Defunciones según la causa de muerte 2009. Available at http://www.ine.es.



Physiopathological Aspects

Coronary 
blockage

Myocardial 
infarction



Physiopathological Aspects

Ischemia
(h i )

Cardiomyocyte
d fi i

Unworkable
d ti Hypertrophy

INCREASED RISK OF 
ARRHYTHMIA, 
VENTRICULAR 

(hypoxia) deficiency scarred tissue Hypertrophy
FIBRILLATION AND 

HEART ATTACK

ischemia Cardiac
hypertrophy

Cardiomyocyte



Cardiac Regeneration

Current standard therapies Modern approaches
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INTRODUCTIONClinical Trials in Cardiac Diseases
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Clinical Trials in Cardiac Diseases

The results from the three larger 
clinical trials were disappointing



INTRODUCTIONClinical Trials in Cardiac Diseases

- short in vivo half-life (30-90 min) 
- protein instability in vivo

undesired vascularization in non target sites

Clinical 
trials

f il - undesired vascularization in non-target sitesfailure

Lessons from Clinical Trials 
- No availability of the protein on myocardium after bolus injection
- Protein therapy requires local administration and continuous exposure of protein
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INTRODUCTIONPolymeric Particles

P l (l ti l li id) PLGA

10 µm

Poly (lactic-co-glycolic acid) - PLGA

PLGA formulations on the market 10 µm

D,L-lactic acid glycolic acid

catalyst

FDA approved product for 
Poly (lactic-co-glycolic acid)  PLGA

Hydrolytic cleavage

drug delivery

lactic acid glycolic acid

CO2 +  H2O



Growth Factors (VEGF) and Cardiac Repair
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Formulation
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OBJECTIVE 2In Vitro VEGF Bioactivity

Human Iliac Artery Endothelial Cell line (HIAEC) proliferation assay
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In Vivo Biocompatibility of PLGA-Particles

Persistence of 5 µm-sized particles after the intramyocardial injection:  

Histological study using Rhodamine-labeled-MP
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1 week (Rhodamine, 2.5x)            1 week (DAPI/Rhodamine, 40x) 1 month (DAPI/Rhodamine, 40x)
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HISTOLOGICAL EVALUATION
1 week (2.5x) Rhodamine



1 month
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OBJECTIVE 2In Vivo Study: Experimental Design
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OBJECTIVE 2In Vivo study: Morphometric Analysis
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OBJECTIVE 2In Vivo Study: Capillary Density
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OBJECTIVE 2In Vivo Study: Arteriolar Density
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In Vivo Study: Vessel Structure

SMA C 1 TOPRO3SMA+ Cav1+ TOPRO3   



In vivo Study: Vessel Structure

3D f l i ft i fl li t i i3D confocal images after immunofluorescence caveolin staining 






Growth Factors

G 1
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Cardiomyocyte Proliferation Assay

HL-1 cardiomyocytes Proliferation 
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Cardioprotection Assays

Hypoxia-induced Apoptosis (ELISA
d t ti f hi t i t ddetection of histone-associated
DNA fragmentation)
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Bioactivity of FGF-1/NRG-1 Released from MP

HL-1 cardiomyocytes Proliferation 
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In vivo characterization of MP: engraftment
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In vivo studies: Acute MIDesign of in vivo studies
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Functional Results: Cardiac Function
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Functional Results: Infarct Size
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Functional Results: Fibrosis
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Vascular Density and Area
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Recruitment c-kit+ progenitor cells
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Recruitment c-kit+ progenitor cells
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Cardiomyocyte Proliferation 

Cardiac troponin TCardiac troponin T

Ki-67
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Cardiomyocyte Proliferation 
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Preclinical Model
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Preclinical Model

Injection Follow up



Preclinical Model
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Summary

CARDIOPROTECTION
Bone‐marrow stem
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