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Gerstein, H. C. Circulation 2009;119:773-775 

The relationship between updated A1c and the multivariable adjusted hazard of 
various chronic consequences of diabetes in participants in the UKPDS based on 

the reported difference per 1% higher A1c level 
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Prevalence of any high-grade or multivessel 
coronary atherosclerosis at autopsy 
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From Goraya et al. JACC, 2002 
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Incidence Rate of CHD Events: The role of 
microvascular complications  

(Avogaro et al. Diabetes Care 2006) 
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DIABETE MELLITO 

Iperglicemia Insulino-resistenza Dislipidemia aterogena 
(↑ trigliceridi, ↓HDL, LDL piccole dense) 

↑ produzione di ROS 
↓ riserva antiossidante 

↑ AGE 
attivazione RAGE 

↑ trasduzione segnali  
infiammatori 
↓ NO 

STATO PROTROMBOTICO 
Trombosi 
Ipercoagulabilità 
Attivazione piastrinica 
Ridotta fibrinolisi 

DISFUNZIONE ENDOTELIALE 
Alterata omeostasi vascolare 
Crescita e proliferazione  
VSMC 
Alterazioni microcircolo 

INFIAMMAZIONE VASCOLARE 
↑aumentato rilascio citokine 
e chemokine 
↑ molecole di adesione 
↓ neovasi 

ATEROSCLEROSI ACCELERATA 



Inflammaging and anti-inflammaging: A systemic perspective on 
aging and longevity emerged from studies in humans  

(Franceschi et al. 2006) 



Topi p66shc knock-out:  

• prolungamento della durata della vita 

• ridotta produzione di ossidanti 
intracellulari 

• aumento della resistenza allo stress 
ossidativo 

Migliaccio et al, Nature 1999 



Cosentino et al.  



Diabetes Induces p66shc Gene Expression in Human 
Peripheral Blood Mononuclear Cells: Relationship With 

Oxidative Stress. 

Pagnin E, Fadini GP et al. J Clin Endocrinol Metab 2005 



 p66Shc mRNA expression, relative to expression of 18S rRNA, in PBMNC 
from angiographically confirmed CAD-free controls, stable CAD patients 

and patients with ACS. (Franzeck et al) 
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Fadini and Avogaro, Aging Cell 2010 



Waddington’s Classical Epigenetic 
Landscape (Waddington 1957) 



Epigenetics is a 
bridge between genotype and 

phenotype. A phenomenon that 
changes the final outcome of a 
locus or chromosome without 
changing the underlying DNA 

sequence. 



Chromatin-Remodeling Enzymes 
‘‘Sense’’ Cellular Metabolism 

(Katada et al. 2012) 



Metabolic Network to Longevity 
(Houtkooper et al. ) 



DNA methylation status of endothelial nitric oxide 
synthase (eNOS) 5-flanking region in vasculogenic 

progenitor cells (Ohtani et al. 2011) 



Histone H3 post-transcriptional alterations induced 
by hyperglycemia and diabetes mellitus  

(Pirola et al.) 
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SIRT1 gene expression

De Kreutzeneberg et al. Diabetes 2010 



Risk factors 

Apoptosis 

Apoptosis Regeneration 

EPC 

Endothelial cell apoptosis and -regeneration 



Diabetic patients had reduced level of circulating endothelial progenitors 

Loomans et al. Diabetes 2004 

Type 1 Diabetes 

Fadini et al. JACC 2005 

Type 2 Diabetes + PVD 

EPC defect may contribute to vascular complication in 
diabetes 

Fadini et al., Diabetoloigia, 2008 

Type 2 Diabetes 



Diabetes induces bone marrow autonomic 
neuropathy which depresses circulating 
progenitors and precedes retinopathy. 

Busik et al. JEM 2010 

Katayama et al. Cell 2006 



* 

Significant negative correlation between 
CD34+ cells and number of altered DAN 

tests (r=-0.39; p<0.001) 

N=100 type 2 diabetic patients,  
24 of whom had detectable DAN  
(at least 2 altered DAN tests). 
Mean age 57, 66% males 
 
 
 
DAN+ vs DAN- patients : 
- Higher prevalence of retinopathy; 
- Higher HbA1c; 
-No difference diabetes duration, 
macroangiopathy, adiposity, lipids, 
therapy; 

In humans, diabetic autonomic neuropathy is associated with reduced 
circulating progenitor cells 

0

100

200

300

400

500

600

0 1 2 3 4

CD
34

+ 
ce

ll 
co

un
t

Number of altered CAN testsNumber of altered DAN test 



1 month after autonomic denervation, we observed a marked 
decrease of circulating progenitors. 
Autonomic denervation is sufficient to dampen circulating EPC 

Experimental autonomic neuropathy in mice 

* p< 0.05 



Vincent and Feldman 
 Reviews in Endocrine and Metabolic Disorders, 2005 

In diabetes, hyperglycemia and the resulting oxidative stress plays a pivotal role in causing 
autonomic neuropathy and could affect also endothelial progenitor and bone marrow 

Neuropathy EPC and BM dysfunction 



SIRT1 expression is reduced in PBMC of diabetic patients 
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We will explore Sirt1 gene expression in diabetic patients with DAN 



SIRT1  expression in the murine bone marrow 

CTRL 6-OH DOPA 
Scale bar: 10 μm 

SIRT1 is markedly downregulated in the bone 
marrow after autonomic denervation 



EPC mobilization upon ischemia in mice 

VAV-SIRT 1 KO mice do not mobilize EPC upon ischemia 

* p<0.05 

* 



Autonomic neuropathy in diabetic patients is strongly associated 
with depletion of circulating endothelial progenitor cells; 
 
Preliminary data in mice suggest that autonomic neuropathy within 
the bone marrow account for reduced circulating progenitors; 
 
Autonomic neuropathy is sufficient to reduced SIRT1 expression 
within the bone marrow; 
 
SIRT1 is required for normal trafficking of progenitors from the 
bone marrow. 

Punti Chiave 







Fisiopatologia della malattia vascolare 
nel diabete mellito: nuovo paradigma 

Iperglicemia 

 ↓ Geni Longevità  Microangiopatia 

 ↓ EPC  ↑ OSTEOPRO 
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