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The protective effects of SRT1720 on H2O2-
treated HUVECs

For the purpose of detecting the protective 
effects of SRT1720 on H2O2-treated HUVECs, 
we pre-treated HUVECs with 0, 5, 10, 15, 20 
μM SRT1720 respectively, then use 300 μM of 
H2O2 in this study. The proportions of senescent 
and apoptotic cells were dramatically decreased 
in the SRT1720-treated HUVECs following a 
dose-dependent manner compared with con-

trol (Figure 4). The HUVECs-formed micro-tubes 
were lengthened in response to SRT1720 
(Figure 5A), and more migrated HUVECs were 
found in the SRT1720-treated groups (Figure 
5B). SRT1720 also promotes the expressions 
of VEGF, P-Akt and eNOS (Figure 6A). The 
SRT1720-pretreated groups showed signifi-
cantly more potential proliferative capacities 
than control (Figure 6B). More importantly, 
above-mentioned angiogenic effects induced 
by SRT1720 showed a dose dependent man-

Figure 7. SRT1720 protected against senescence and apoptosis. HUVECs were pre-treated with or without 10 μM 
SRT1720 for 24 hours, followed by 300 μM H2O2 or PBS for additional 4 hours. (A) SA-β-gal staining was performed 
and senescent cells were stained with blue color, the ratio of SA-β-gal positive cells was calculated per group. (B) 
Quantitative analysis of apoptosis by Hoechst 33258 Staining was represented per field. Values are mean ± SEM; n 
= 4, N.S. means no significant difference,*means P<0.05,**means P<0.01, vs. control group. Scale bar indicated 
100 μm in (A) and 50 μm in (B). One-way ANOVA (Bonferroni post hoc test) was used.
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ner, and it reached maximum efforts at opti-
mum concentration of 10 μM. These results 
indicated we could apply 10 μM SRT1720 in the 
following study.

The effects of SRT1720 on normal and H2O2-
treated HUVECs

HUVECs were pre-treated with or without 10 μM 
SRT1720 for 24 hours, followed by 300 μM 
H2O2 or PBS for 4 hours and then culture for 

additional 24 hours. Surprisingly, we found 
that, though SRT1720 rescued the senescent 
HUVECs, SRT1720 had little biological effects 
on non-senescent HUVECs, whatever on the 
cell apoptosis (Figure 7B), tube formation 
(Figure 8A), migration (Figure 8B), the expres-
sion of eNOS (Figure 9A) and cell proliferation 
(Figure 9B), in comparison with control. To 
explore the role of the SRT1720 in the H2O2-
induced senescence in HUVECs, cells were pre-
treated with SRT17207 for 24 hours and then 

Figure 8. SRT1720 reinforced tube formation and migration of HUVECs. HUVECs were pre-treated with or without 
10 μM SRT1720 for 24 hours, followed by 300 μM H2O2 or PBS for additional 4 hours. A: Representative images of 
tube formation and quantitative analysis of tube length were represented as fold of control (×100 magnification). B: 
Migrated cells were stained and quantitative analysis of migrated cells was represented as fold of control. Values 
are mean ± SEM; n = 4, N.S. means no significant difference, *means P<0.05, **means P<0.01, vs. control. Scale 
bar indicated 100 μm. One-way ANOVA (Bonferroni post hoc test) was used.
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subjected to H2O2. Pre-treatment with SRT1720, 
however, significantly prevented the senes-
cence and apoptosis (Figure 7A and 7B), rein-
forced tube formation and migration (Figure 8A 
and 8B), and augmented the expressions of 
angiogenic factors of the HUVECs. 

Discussion

Endothelial senescence results in vascular dys-
regulation, atherosclerosis and forthcoming 
cardiovascular diseases. Because H2O2-media- 
ted damage best mimics oxidative stress in 
aging population, H2O2 is widely applied as a 
stressor for oxidative stress and cellular senes-
cence induction [32]. In our study, H2O2 effec-
tively induced HUVECs senescence following a 
dose-dependent manner and 300 μM of H2O2 
displayed a maximum anti-angiogenic effect 
followed by remarkable endothelial dysfun- 
ction. 

Endothelial Akt/eNOS/VEGF signal pathway is 
closely associated with VECs activity and viabil-
ity [33]. Recent studies reported that SIRT1 
and eNOS colocalized and coprecipitated in 

VECs, and SIRT1 deacetylated eNOS, stimulat-
ing eNOS activity and increasing NO production 
[21]. In our study, we demonstrated that 
SRT1720, small molecular activator of SIRT1, 
significantly improved migration and prolifera-
tion in vitro via Akt/eNOS/VEGF signaling path-
way with or without the existence of H2O2. 
Moreover, by determining the expressions of 
P-Akt, eNOS and VEGF, we demonstrated the 
anti-aging and anti-apoptotic beneficial of 
SRT1720 in vitro.

Furthermore, SIRT1 is highly expressed in endo-
thelial progenitor cells (EPCs) during vascula-
ture incorporation and controls the angiogenic 
activity [34, 35]. EPCs can be recruited to isch-
emic area through chemotaxis, differentiate 
into VECs, and eventually participate in the 
ischemia-induced neovascularization after 
ischemic attack [36-38]. SIRT1 plays a critical 
role in EPCs-mediated re-endothelialization in 
response to vascular injury via mitotic pathway 
[39]. Moreover, SIRT1 is also involved in vascu-
lar development through augmenting vascular 
endothelial growth factor expression in vitro 

Figure 9. SRT1720 augmented the expression of angiogenic factors and cell viability of HUVECs. HUVECs were pre-
treated with or without 10 μM SRT1720 for 24 hours, followed by 300 μM H2O2 or PBS for additional 4 hours. A: 
The expressions of VEGF, p-Akt, and eNOS in HUVECs were examined by Western blotting, data were represented as 
fold of control. B: The proliferation was analyzed by Cell Count Kit-8 (CCK-8) as indicated. Values are mean ± SEM; 
n = 4, N.S. means no significant difference, *means P<0.05, **means P<0.01, vs. control group. One-way ANOVA 
(Bonferroni post hoc test) was used.
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[40, 41], and participated in the vascular 
growth in developing zebrafish [42]. Our study 
demonstrated that SRT1720 significantly aug-
mented cell viability and activity of H2O2-treated 
HUVECs, suggesting its potential anti-aging and 
anti-apoptotic activity.

In conclusion, our study demonstrated that 
H2O2-mediated endothelial senescence dra-
matically decreased SIRT1 expression in HU- 
VECs. SRT1720, a specific SIRT1 activator, exhi- 
bited protective effects to the HUVECs exposed 
to H2O2, as indicated by the improved cell viabil-
ity, tube formation, migration, and survival. SRT- 
1720 rescued the impaired angiogenic poten-
tial of HUVECs via activation of Akt/eNOS/VEGF 
pathway. Future studies would verify the angio-
genic and regenerative potential of SRT1720 in 
animal study. 
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