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Diabetes and Myocardial Ischemia
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ROS increase in Diabetes plays a protective role in coronary vascular endothelium by 
activating AMPK-eNOS



Extracellular Vesicles from HBMSC : A package deal ! 

Nature Reviews Endocrinology 12, 504-517 (2016)

It’s better than 
Stem Cells



• Human Mesenchymal 
Stem Cells

• Fed every 3-5 days until 
80-90% confluent

• Subculture
• Stressed in serum-free 

RPMI medium overnight
• EVs and exosomes 

harvested  (<1000 nM)

In Vitro HBMSC-derived EVs



Proteomics of EVs from HBMSC



EVs can be enriched by starving the stem cells 



EVs contain major regenerative molecules 
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Developing Diabetic Model with Myocardial Ischemia



Yorkshire Swine, 11 weeks old

2 weeks

First surgical procedure: Placement of 
ameroid constrictor: Left circumflex artery 

No 
treatment 

(CON)

Final surgical procedure:  Harvest Procedure: Pressure Volume Loops, Microsphere Analysis to 
Evaluate Blood Flow,  Immunofluorescence, PicroSirius Staining, Western Blot

5 weeks

Myocardial EVs
Injection
(MVM) 

Second procedure: Injection of EVs

Methods



Placement of Ameroid on Left Circumflex Artery

10-20 days



Hemodynamics – PV Loops

Pressure 
sensor

Serial volume sensors
A pressure volume catheter was placed 
directly into the left ventricle using a 
Seldinger technique.  A pressure catheter 
was placed in the right femoral artery to 
analyze MAPS.  



P=0.002 P=0.004P>0.99

Myocardial Injection of Extracellular Vesicles Increases 
Blood Flow to Ischemic Myocardial Tissue

CON: Control, n=6;  MVM: Myocardial Extraceullar Vesicle Injection, n= 10;  *=p<0.05



Myocardial Injection of Extracellular Vesicles Increases 
Stroke Volume and Cardiac Output

Hemodynamic Parameter CON MVM P Value

SW (mmHg/mL) 1493+/-129 2077+/-251 0.065

CO (mL/min) 2498+/-405 3716+/-253 0.04*

SV (mL) 37+/-5 52+/-3 0.046*

HR (bpm) 67+/-3 71+/-4 0.32

MAP (mmHg) 55+/-7 58+/-6 0.85

CON: Control, n=5;  MVM: Myocardial Extraceullar Vesicle Injection, n= 8;  *=p<0.05



Myocardial Injection of Extracellular Vesicles Increases  
Vessel Density in Ischemic Myocardial Tissue

CON: Control, n=6;  MVM: Myocardial Extraceullar Vesicle Injection, n= 10;  *=p<0.05
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EVs improved cardiac function in normal but not in 
diabetic animals
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EVs improved cardiac function in normal but not in 
diabetic animals
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Hypoxia-treated EVs contain SLC2A14: glucose uptake 
inducer 



Conclusions:
Myocardial injection of extracellular vesicles: 

1) Improves cardiac output and stroke volume

2) Increases blood flow to ischemic myocardial tissue

3) Increases both capillary and arteriolar density in the chronically 
ischemic myocardium

4) In diabetic models, EVs increase only arteriolar density and improve 
cardiac function only under pacing conditions

5) Bioengineered EVs that induce glucose utilization may improve 
coronary angiogenesis in diabetic patients 
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Physiologic Study/Procedure Parameter(s) measured
Surgery 1
(Time 0)

Surgery 2
(3 weeks)

Surgery 3
(4weeks)

Surgery 4 (5 weeks)

Surgery 5
(7 weeks)

Ameroid consctrictor placement X

Coronary-Angiography/ intracoronary EV injection

Ameroid closure & collaterals

X

Isotope labeled microspheres

Collateral dependent perfusion

X X X

Sonomicrometric Crystals

Regional myocardial function

X X

Intracardiac EV injection (1000 g) X

Cardiac MR Imaging X

Morphometric Analysis

Microvascular density

X

Myocardial Biopsy Molecular Signaling X X


