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Cardiovascular 

diseases 31% 

Communicable, maternal, 

perinatal and nutritional 

conditions 27% 

Other NCDS 31% 

Injuries 9% 

Distribution of major causes 

 of death 

NCDS：Noncommunicable diseases  
World Health Organization 2011 



44.8 
12.6 

22.4 

8.7 

11.5 

Major causes of death in 

Chinese population(%) 

Report on Cardiovascular Disease in China, 2011 

230 million patients 

 with CVD 



Global Burden Hidden of ardiovascular 

Diseases  

Public  health burden hidden and underestimated 

Heart attacks and strokes are  

only tip of  the iceberg 

 Obesity 

 Physical activity 

 Unhealthy diet 

 Tobacco use 

 Raised blood pressure 

 Raised blood sugar 

 Raised blood lipids 

2 Billion 



Atherosclerosis and CVDs 

Atherosclerosis: the major cause of 

cardiovascular disease 



Atherosclerosis pathophysiology 



Endothelial dysfunction 

Artery 
Wall 

Endothelium 

Blood 

A Healthy Endothelium is the First Defense 
 against atherosclerosis 

VCAM-1 



Macrophages play a central role in 
atherogenesis   

Chavez-Sanchez et al. Innate Immune System Cells in Atherosclerosis. Archives of Medical Research 45 (2014) 1-14 



SIRT1:A novel therapeutic target 

for aging associated diseases 

Sirtuin Protein 

Family  
Effect of SIRT1 

Anastasiou et al. SIRT1: Linking Adaptive Cellular Responses to Aging-Associated Changes in Organismal Physiology. Physiology2006;21:404-10 

Alhazzazi et  al. SIRT3 and Cancer: Tumor Promoter or Suppressor? Biochim Biophys Acta. 2011 August ; 1816(1): 80–88 

http://www.ncbi.nlm.nih.gov/pubmed/17119153


SIRT1 controls metabolism by distinct 

mechanisms in different tissues 

Liang et al. 2009 Nat rev  endoc 5, 267 



Beneficial effects of SIRT1 on 

atherosclerosis and thrombosis 

Stein et al. Protective roles of SIRT1 in atherosclerosis. Cell Cycle 10:4, 640-647, 2011 



SIRT1  in Macrophage 
Cholesterol Uptake and 
Foam Cell Formation 

Stein et al. Protective roles of SIRT1 in atherosclerosis. Cell Cycle 10:4, 640-647, 2011 



SIRT1 does not affect cholesterol 

efflux in macrophages 

Stein et al. SIRT1 decreases Lox-1-mediated foam cell formation in atherogenesis. European Heart Journal (2010) 31, 2301–2309 



Macrophage 

SIRT1 
Atherosclerosis 

Via modulating endothelial function??? 
Via  modulating macrophage polarization??? 



Generation of macrophage  
specific Sirt1 KO mice 

    WT       MKO        





Methods 

High Fat /Standard 
Chow Diet 

16 weeks 

WT 

MKO 

Aortic Artery  



Wire myograph 

Bad relaxation 

Good relaxation 



Obesity Lean 

Compared with aorta from wild type mice, the relaxation of aorta 
from knock out mice was significantly reduced in obesity. 



Compared with aorta from wild type mice, The mRNA levels of E-
Selectin and ICAM were increased from knock out mice. 

E-selectin 

* * 

ICAM-1 





ApoE(-/-) Sirt1 MKO 

x 

8-10 wks 

Sirt1fl/fl apoE-/- 

 lyzM Cre- 
 

HFHC  

Sirt1fl/fl apoE-/- 

lyzM Cre+(DKO) 

HE Oil Red O MOMA α-SMA 

Ultrasound 

In Vitro 

In Vivo 



Deletion of SIRT1 in macrophage are more susceptible for high fat high 
cholesterol induced atherogenesis in apoE deficient mice 

Oil Red  O 



ApoE-/- DKO 

DKO mice  showed more severe plaque by ultrasound imaging in 
aortic arch region 

plaque area ultrasound
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**p<0.01, N=3. 

** 

Ultrasound 



         DAPI                        α-SMA                    MOMA-2                 merge 

ApoE-/- 

DKO 

Immunofluorescence staining 

Deletion of SIRT1 in macrophage  showed stronger signals for 
MOMA-2 and α-SMA 



Summary Ⅰ 
According to our experiments,  deletion of SIRT1 
in macrophage induced endothelial dysfunction 
and atherogenesis. 



M1 and M2 Macrophage 

M1 M2 



Potential role of M2 macrophages 
in atherosclerotic plaques 

Chinetti-Gbaguidi et al. Macrophage subsets in atherosclerosis. Nat. Rev. Cardiol. 12, 10–17  (2015)  





Methods 

BMM cultures and 

Differentiation 



Deletion of SIRT1 in macrophage impaired 
macrophage polarization 

Arg-1 Mgl2 

MCP-1 

M2 markers 

iNOS 
M1 markers 





Methods 

Recipient Donor 

WT 

MKO 

BMMs M2 Macrophage 

Conditioned 

Medium 

Porcine Aortic 

Endothelial Cells 

(PAECs)  
Bone Marrow 

IL-4 

http://www.google.com.hk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjQhKjZ_NnNAhXGXRQKHctrCNQQjRwIBw&url=http://www.dianliwenmi.com/postimg_4417863.html&psig=AFQjCNFaak4XqzHaWC_9_HHb4SYFfPq1lA&ust=1467727356932118


* 

eNOS 

* 

ICAM-1 

* 

E-selectin 

M2 macrophage improved 
endothelial function 



Summary Ⅱ 
SIRT1 plays a pivotal role in controlling 

macrophage polarization. 

SIRT1 in macrophage  protects endothelial 
function by regulation balance of M1 and M2 
macrophage. 
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