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From K-VIS ELLA registry, Korean Circ J 2017;47(4):469-476)



Surgical bypass Endovascular Therapy



Many patient with DM vasculopathy experience 

amputation more than once in their lifetime

There has been an increased interest in novel 

therapies for the treatment of DM vasculopathy
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Hurst’s The Heart, 14th ed.



Stem cells form new cardiomyocytes to replace the injured ones.

Pluripotent stem cell (PSCs)

Embryonic stem cells (ESCs)

Induced pluripotent stem cells (iPSCs)

To divide stem cell into cardiomyocytes, transdifferentiate is needed.

Endothelial cells

Pancreatic β-
cells

Neural cells Cardiac cells



Stem cells fuse with native cardiomyocytes and form a more 

functional cardiomyocyte that is capable of remodeling or 

regeneration.

It has been validated in animal studies, but remains unknown 

to what extent this occurs in the human studies performed.



Process of new blood vessel formation

Whether stem cells can directly differentiate into 
new blood vessels or promote new blood vessel 
formation by secretory factors is currently 
controversial



Changes to the myocardial 
or vascular environment 
driven by stem cells.

Promote cardiovascular 
recovery or regeneration.

Conveyed by changes in 
cytokines, growth factors or 
interstitium

Currently the most accepted 
mechanism

Tongers et al., Eur Heart J, 2011



Delivery Advantages Disadvantages

Intravenous Minimally invasive Poor myocardial retention of cells

Intracoronary arterial
Conjunction with percutaneous 

coronary intervention
Requires patent coronary arteries

Intracoronary venous
Avoids stenotic or occluded 

coronary arteries
more difficult to access and map

Trans-endocardial
Improved delivery to ischemic or 

border zones

More complex procedure

Higher risk of myocardial 
perforation

Trans-epicardial
Ischemic and infarct zones can be vis

ualized
Risk of cardiac surgery

Trans-venous myocardial Lower risk of cardiac perforation Technically challenging

Tissue engineering Enhanced cell survival and delivery
Potential reaction to biological 

scaffold material

In situ activation
No cell harvest, isolation, or 

expansion involved
Yet to be tested clinically



Adult stem cells
Adipose derived stem cells
Bone marrow mononuclear 
cells (BM-MNCs)
Mesenchymal stem cells 
(MSCs)
Angiogenic progenitor cells 
Skeletal myoblasts

Cardiac progenitor cells

Pluripotent stem cells
Embryonic stem cells (ESCs)
Induced pluripotent stem 
cells (iPSCs)



Multipotent stem cells

Advantages
Autologous cell population
Relatively less invasive 
procedures
No ethical controversy

Disadvantages
Limited proliferation potential
Inefficient or limited cardiac 
differentiation potential

Jeevanantham et al., Circulation, 2012

Cooke and Losordo, Circ Res 2015



Hypoxia-inducible Vascular Endothelial Growth Factor-
engineered Mesenchymal Stem Cells Prevent Myocardial 
Ischemic Injury

Kim SH, Choi D.,
Mol Ther. 2011 

Apr;19(4):741-50



Isolation of cardiac stem 
cells from cardiac tissue

Advantages
Improved cardiac 
differentiation potential

Autologous cell population

Disadvantages
Procured by invasive 
procedures (Ex. CABG)

Chugh et al. SCIPIO tiral, Circulation, 2012



Totipotent

Advantages
Robust cardiac differentiation potential

Disadvantages
Significant ethical concerns

Concern for uncontrolled differentiation (ex. 
Malignancy)

Allogenic transplant : Require immunosuppression



Category Cell type Tested 
clinically

Adult stem cells Adipose-derived stem cells Yes

Bone marrow mononuclear cells Yes

Mesenchymal stem cells Yes

Angiogenic progenitor cells Yes

Skeletal myoblasts Yes

Cardiac progenitor cells Cardiac stem cells Yes

Cardiosphere-derived cells Yes

Pluripotent stem cells Embryonic stem cells Ongoing

Induced pluripotent stem cells No



In 2006, Shinya Yamanaka described induction of 
pluripotency from mouse somatic cells.

Yamanaka S., Cell, 2006



iPSCs take on a phenotype very close to ESCs and 
are capable of differentiating into all three germ 
layers and subsequent stem cell types.

Autologous transplantation
-> Lower risk for immune response

Patient specific stem cell
-> Powerful investigation tool in studying 
cardiovascular diseases 



Lee S., Yoon YS. et al., Circ Res.
2017;120:848-861

Adult cell was 
successfully 
reprogrammed to 
endothelial cell using 
factor ER71/ETV2 factor



Ban K., Bae S., Yoon YS, Theranostics. 
2017 May 17;7(7):2067-2077



Considering the irreversibility and progression of 
DM vasculopathy, a new treatment strategy 
different from conventional therapy is needed.

Stem cell therapy is an epoch-making treatment 
that can be effective in both improving blood flow 
and damaged tissue.

Among them, iPSC is promising both in terms of 
potency and safety, and many studies will be done 
in the future.




