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The Journey from progenitors to macrophages  

Ann. N. Y. Acad. Sci., 2014;1-18 



Nature. 2011;11:750-761  

Signal transduction pathways to M1 and M2 

macrophage polarization 

Classical activation Alternative activation 



Biphasic monocyte response 

during early myocardial remodeling 

SCIENCE. 2013;339:161-166 

Optical projection tomography of a 

murine heart with MI after injection 

of MIR for major function of myeloid 

cells, including protease activity 

and phagocytic activity.  

Biphasic monocyte subset 

activity in the infarct  

https://www.google.co.kr/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=SsGOrMWP0XjRmM&tbnid=ak8UNcGRbvjQEM:&ved=0CAUQjRw&url=https://www.sciencemag.org/content/339/6116/161/F2.expansion.html&ei=ACZzUujXLYXHkQWz4oHYDw&bvm=bv.55819444,d.dGI&psig=AFQjCNFj9eLWOr3VZDxq7JXIe08h2_LDyg&ust=1383362345745770


J Clin Invest. 2014;124:1382-92. 

clodronate liposomes 



MSCs increased M2 

macrophage percentage 

at day 3 after MI. 

Macrophage depletion 

increased mortality with 

and without MSCs. 

Induction of MI in mice and allocated them to bone marrow MSCs, MNCs, or saline 

injection into the infarct, with and without early (4 h before MI) and late (3 days 

after MI) macrophage depletion. Balb/C mice, clodronate liposomes 0.1 mL iv 



I. Regulation of Infiltrated Macrophages  

in Infarcted Myocardium by Stem Cells 



*P<0.05 
14 days after MSC injection 



Bone marrow 
progenitor 

cells M1/M2 markers profile assay 

Balb/C, 8w 

BM-MSCs 

The isolation of mouse bone marrow derived macrophages 

(BMDMs)/MSCs and co-culturing of BMDMs and MSCs 

Differentiation in 
Macrophage complete 

medium(MCSF) for 7days  

Culture in MSC medium 
for 3-4 days (passage 3) 

BMDMs 

BMDMs 

MSCs 

Transwell  
co-culture 

Bone marrow  
isolation  
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The identification of arginase-1 expressing 

macrophages in infarct myocardium 

7 days after MSC injection 



*p<0.05, **p<0.01, ***p<0.001 

The modulatory effect of MSCs on the phenotype 

of BMDM at the transcriptional level (I)  

   M1 

LPS 100 ng/mL + IFN- 30 ng/mL or IL-4 (20 ng/mL).  



*p<0.05, **p<0.01, ***p<0.001 

The modulatory effect of MSCs on the phenotype 

of BMDM at the transcriptional level (II) 

   M2 

LPS 100 ng/mL + IFN- 30 ng/mL or IL-4 (20 ng/mL).  



The modulatory effect of MSCs on the phenotype  

of BMDMs at the translational level (I) 

*p<0.05, **p<0.01 



The modulatory effect of MSCs on the phenotype 

of BMDMs at the translational level (II) 

*p<0.05, **p<0.01, ***p<0.001 



MSCs co-culturing skewed the BMDM phenotype to 

M2 by decreasing the ratio of iNOS to Arg-1 

*p<0.05, **p<0.01 



MSCs co-culturing skewed the BMDM phenotype to 

M2 by decreasing the ratio of iNOS to Arg-1 

*p<0.05, **p<0.01, ***<0.001 



*p<0.05, **p<0.01, ***<0.001 

The enzymatic activities of iNOS and 

arginase-1 



MSCs regulated inflammatory cytokines 

BMDMs BMDMs + MSCs  

**p<0.01, ***p<0.001 



 These results suggest that the preferential   

 shift of macrophage phenotype from M1 to  

 M2 may be related to the immune-modulating  

 characteristics of MSC which contribute to  

 cardiac repair. 

Ongoging study: Application to human 

macrophages and human MSCs 



II. Regulation of Infiltrated Macrophages in 

Infarcted Myocardium by 5-azacytidine  



             5-Azacytidine (5AZ) 

Chemical analogue of cytidine 

DNA methylation inhibitor 

Treatment of myelodysplastic syndrome, acute myeloid leukemia 

Induction of cell transdifferentiation 

http://en.wikipedia.org/wiki/File:Azacitidine.svg


• RAW264.7 murine macrophage cell line 

• Stimulant: Peptidoglycan (PGN, 10 g/mL)  

• Effector: 5AZ (10 M)  

• Target: Inducible nitric oxide synthase (iNOS) 

Effect of 5AZ on fibrosis in iNOS-induced NO generation 



Effect of 5AZ administration on iNOS transcriptional 

activity and translational activity 
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Effect of 5AZ administration on fibrosis in 

infarcted myocardium.  

After 1 day of MI, treatment was performed every other day via ip for 2 weeks. 





III. IRF-1 as an Effector of 5-azacytidine 

in Activated Macrophages  





5AZ inhibited iNOS activity and expression in 

LPS-activated RAW264.7 cells 

iNOS Luciferase Activity (fold) 

LPS for 24 hours 



iNOS 
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Altered kinetics of iNOS and IRF-1 by 5AZ 





IV. Application of a Novel Macrophage-

Specific Promoter for the Change of 

Phenotype of M2 Macrophage  





Am J Physiol Heart Circ Physiol. 2009;297:H1535-43  

      Atherosclerosis model (Subtotal occlusion) 



Lenti-GFP                        Lenti-APN                      Lenti-SP-APN 

Lenti-SP-APN on atherosclerosis model 

500 μm 



Conclusion 

1.Macrophage inflammation and polarization may 

represent novel potential therapeutic and 

biomarker that may be exploited in the future 

treatment of  cardiovascular disease. 
 

2.MSC-educated macrophages might provide a 

new therapeutic opportunity to improve cardiac 

outcome after acute injury. 



Thank you for your attention! 

M and 
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M and 5-azacytidine 
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