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Abstract. Senescence is associated with various degenerative diseases, such as
cardiovascular disease (CVD). The community must bear the economic burden
due to CVD, not only from the prohibitive medical costs but also from the decline in
people’s work productivity due to suffering from CVD. Various efforts have been
made to prevent premature senescence. Sirtuin-1 (SIRT-1) is essential in main-
taining vascular homeostasis through the modulation of senescence-associated
signaling pathways. Vascular homeostasis is highly dependent on the quality of
endothelial cells as the primary vascular component. Good vascular regenera-
tion is primarily determined by the Endothelial Progenitor Cell (EPC). Expo-
sure to CVD risk factors is thought to trigger premature senescence of EPC.
The molecular mechanism of premature EPC senescence associated with CVD
is still unclear. This study aimed to test whether the specific activator of SIRT-1
could inhibit the senescence of EPCs exposed to Asymmetric Dimethylarginine
(ADMA) by decreasing P16INK4a \which is one of the markers of cell senes-
cence. True-experimental research method in vitro using EPC culture obtained
from PBMNC. This study has three groups: the EPC group, the EPC group with
exposure to ADMA, and the EPC group receiving SIRT-1 before exposure to
ADMA. The results showed that the intensity of p16INK4a expression increased
dramatically in EPCs exposed to ADMA compared to controls. In addition, the
study results also showed a decrease in the expression of P16INK4a i EpCs given
SIRT-1 before exposure to ADMA compared to EPCs exposed to ADMA with-
out SIRT-1 administration. The decrease indicates the protective effect of SIRT-1
against EPC senescence due to ADMA exposure.
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1 Introduction

Senescence is associated with various degenerative diseases, such as cardiovascular dis-
ease (CVD). The community must bear the economic burden due to CVD, not only
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from the prohibitive medical costs but also from the decline in people’s work produc-
tivity due to suffering from CVD. Various efforts have been made to prevent premature
senescence. Sirtuin-1 (SIRT-1) is essential in maintaining vascular homeostasis through
the modulation of senescence-associated signaling pathways. Vascular homeostasis is
highly dependent on the quality of endothelial cells as the primary vascular component.
Good vascular regeneration is primarily determined by the Endothelial Progenitor Cell
(EPC). Exposure to CVD risk factors is thought to trigger premature senescence of EPC.
The molecular mechanism of premature EPC senescence associated with CVD is still
unclear.

Cell senescence is characterized by irreversible cessation of the cell cycle due to stress
induction, which is widely associated with organ dysfunction and diseases associated
with senescence [1]. Under normal physiological conditions, old cells can be eliminated
by the immune system. However, with increasing age or chronic disease, senescent
cells accumulate in tissues, interfere with functional maintenance, increase pathological
conditions, and cause maladaptive responses [2].

Asymmetric dimethylarginine (ADMA), an endogenous inhibitor of nitric oxide
synthase (NOS), is associated with impaired endothelial function in humans [3]. In
addition, clinical evidence suggests that plasma ADMA levels increase with age or in
people with hypercholesterolemia, atherosclerosis, hypertension, chronic heart failure,
diabetes mellitus, and chronic renal failure, all of which are significant contributors to
endothelial dysfunction and vascular disorders [4, 5]. Our previous study proved that
ADMA exposure could induce senescence effector activity in vitro, characterized by an
increase in the number of progenitor endothelial cells expressing P16™NK42 [6].

The results of previous studies in mammalian cells showed that SIRT-1 decreased
the expression of P16'NK4 mRNA, a molecular marker of cell senescence and DNA
damage [7]. SIRT-1 is said to be involved in inflammatory processes, premature senes-
cence, telomere irritation, secretion of senescence-associated substances, and responses
to DNA damage [8]. Based on these exposures, this study aimed to test whether the
specific activator of SIRT-1 could inhibit the senescence of EPCs exposed to ADMA
by decreasing the expression of P16™K42 Tt is hoped that the results of this study can
strengthen the evidence for the role of SIRT-1 in anti-premature senescence, especially
in EPC, to reduce the risk of CVD. SIRT-1 is naturally contained in many vegetables and
fruits. Finally, this research can also be the basis for an exploratory study of vegetable
and fruit ingredients in Indonesia that have the potential as natural SIRT-1 activators as
candidates for an herbal drug to prevent premature vascular senescence.

2 Method

2.1 Study Design

This study uses a true-experimental laboratory design in vitro, carried out at the Cen-
tral Laboratory of Biological Sciences, Universitas Brawijaya. This research procedure
has obtained ethical feasibility from the Bioscience ethics committee of Universitas
Brawijaya No 1206-KEP-UB.
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2.2 Sample Collection and Preparation

The procedure for taking peripheral blood and isolating peripheral blood mononuclear
cells (PBMNC) in this study is the same as the previous procedure [6, 9].

2.3 EPC Cell Culture, SIRT-1 Administration, and Induction of Cell Senescence

PBMNC s were cultured in Endothelial Growth Medium (EGM) plus 10% FBS at 37 °C
with a mixture of 95%: 5% (v/v) moistened with air and CO2. EPC cultures were
given SIRT-1 (Select, Shanghai, China) for 24 h to prevent cell senescence. SIRT-1 was
previously dissolved in DMSO and applied to reach a final concentration of 10M. To
induce senescence of EPC cells, PBMNCs were exposed to ADMA (Sigma, St. Louis)
for 24 h. Previously ADMA was dissolved In Phosphate-Buffered Saline (PBS) and used
at a concentration of 300 M.

2.4 Identification of P16/NK42

After exposure to SIRT-1 and ADMA, cells were washed twice with PBS, then fixed
and stained with P16™K42 Staining Kit (Beyotime Institute of Biotechnology, Shanghai,
China), and then analyzed with a confocal laser scanning microscope.

2.5 Data Analysis

The researcher tested the hypothesis using the Kruskal-Wallis and followed by a Bonfer-
roni post-hoc test to identify differences between groups (p-Value < 0.05 was considered
significant). All data analysis was carried out using STATA software version 14.

3 Results and Discussion

Efforts to delay the incidence of diseases due to premature aging can increase life
expectancy. Improving the quality of human life will reduce the burden on the health
care system so that people’s productivity to support the economy will increase. SIRT-1
increases metabolic activity and protects against physiological disorders due to aging
[10, 11], thereby inhibiting EPC aging and reducing the risk of vascular dysregulation,
atherosclerosis, and CVD [12-14]. We administered SIRT-1 before 300M ADMA expo-
sure to prove the protective effect of SIRT-1 on ADMA-exposed EPCs. The intensity of
P16NK42 expression was significantly decreased in EPCs compared to EPCs not treated
with SIRT-1.

3.1 ADMA Exposure Leads to Increased Intracellular P16ink4a Expression

PBMNC:s were seeded in culture media for seven days, then labeled into three groups, (i)
untreated cells, (ii) cells treated with ADMA for 24 h, and (iii) group given pretreatment
activator SIRT1 (SIRT1720) for 3 h before exposure to ADMA for 24 h. As shown in
Fig. 1, the expression intensity of p16™&42 increased dramatically in cells exposed to
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Fig. 1. Representative results of quantification of intracellular p16INK4a expression intensity in

EPC. (A) Differences in the average intensity of p16INK4€1 in each EPC group were observed; (B)
Rhodamine staining representing the intensity of p16INK4a in the untreated cell group (control),
the cell group exposed to ADMA and the cell group given SIRT1 activator followed by ADMA
exposure. Quantification of p16INK4a intensity was validated through a confocal laser scanning
microscope. *p-Value < 0.001.

ADMA compared to controls (Fig. 1A), and the condition was improved by pretreatment
of the SIRT-1 activator.

ADMA exposure leads to increased intracellular P1 expression. Figure 1(B)
shows the proportion of the intensity of P16™NK4 expression, which dramatically
increased in progenitor endothelial cells exposed to ADMA compared to con-
trol/Fig. 1(A).

6INK4a

3.2 Protective Effect of SRT-1 Against ADMA Exposure on EPC

To prove the protective effect of SIRT-1 on ADMA-exposed EPC, we administered SIRT-
1 before exposure to 300M ADMA. The expression intensity of p16"™NK42 decreased
significantly in EPC compared to EPC that was not given SIRT-1. The study’s results
prove that exposure to a 300 M dose of ADMA induces aging effector acceleration in
EPC. Several longitudinal studies have revealed that ADMA as an NO inhibitor causes
a decrease in telomerase activity which physiologically plays a role in maintaining
genomic stability by protecting against chromosome degradation [15-17]. Decreased
telomerase activity is associated with telomere irritation, inhibition of cell proliferative
capacity through activation of p53-p21 or pl16INK4a-Rb, and DNA Damage Response
(DDR) consistent with features of cellular senescence [18-20]. In our study, the SIRT-1
activator significantly suppressed p16™K42 expression in ADMA-exposed EPCs. This
result suggests that activation of SIRT-1 through SIRT1720 is known to fight EPC aging
due to ADMA induction. Recent studies have shown that eNOS-derived NO/SIRT1
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cross-talk plays a role in maintaining mitochondrial biogenesis and may play a role in
inhibiting SIRT-1-induced senescence [21, 22].

SIRT-1 exhibits an inhibitory effect on EPC aging by increasing telomerase activa-
tion via the PI3K-Akt signaling pathway. Inhibition of aging by activator SIRT-1 can
protect EPC from dysfunction caused by pathological factors and increase the functional
activity of EPC, which may be necessary for cell therapy applications [23]. Activating
p16™K42 in response to stress results in progressive damage to several self-renewing
tissues, including stem cells, while deletion of p16INK4a enhances cellular survival and
regeneration potential. In line with the results of this study, the mechanism underly-
ing the p16™K42_mediated cellular disruption in hematopoietic stem cells may be due
to the upregulation of p16™K4 by chronic DNA damage due to progressive telomere
dysfunction, which limits stem cell self-regeneration capacity [24].

4 Conclusion

In conclusion, our study successfully validated the role of ADMA in increasing P16VK42
expression in EPCs. In addition, this study has also proved that the SIRT-1 activator
can inhibit senescence by decreasing P16™K42 expression in ADMA-exposed EPCs.
The exposure indicates the protective effect of SIRT-1 against EPC senescence due to
ADMA exposure.

Acknowledgments. The research gets funding from the Professor Research Grant of Universitas
Brawijaya in 2022.

References

1. Liao CM, Wulfmeyer VC, Swallow M, Falk CS, Haller H, Korstanje R, Melk A, Schmitt
R. Induction of Stress-Induced Renal Cellular Senescence In Vitro: Impact of Mouse Strain
Genetic Diversity. Cells. 2021 Jun 8;10(6):1437. https://doi.org/10.3390/cells10061437.

2. Paez-Ribes M., Gonzalez-Gualda E., Doherty G.J., Munoz-Espin D. Targeting senescent
cells in translational medicine. EMBO Mol. Med. 2019;11:e10234. https://doi.org/10.15252/
emmm.201810234.

3. Khan M, Singh I, Won J. Asymmetric dimethylarginine-induced oxidative damage leads to
cerebrovascular dysfunction. Neural Regen Res. 2021 Sep;16(9):1793-1794. https://doi.org/
10.4103/1673-5374.306080.

4. Sibal L, Agarwal SC, Home PD, Boger RH. The Role of Asymmetric Dimethylarginine
(ADMA) in Endothelial Dysfunction and Cardiovascular Disease. Curr Cardiol Rev. 2010
May;6(2):82-90. https://doi.org/10.2174/157340310791162659.

5. Shimomura M, Fujie S, Sanada K, Kajimoto H, Hamaoka T, Iemitsu M. Relationship between
plasma asymmetric dimethylarginine and nitric oxide levels affects aerobic exercise training-
induced reduction of arterial stiffness in middle-aged and older adults. Phys Act Nutr. 2021
Mar;25(1):16-22. https://doi.org/10.20463/pan.2021.0003.

6. Nurwidyaningtyas W, Sargowo D, Sandra F, Wihastuti T. Differentiation of Intracellular
p16INK4a Expression in the Circulating Human Mononuclear Isolated Cells after ADMA
and H202 Exposure. Research Journal of Pharmacy and Technology. 2022; 15(2): 707-2.
https://doi.org/10.52711/0974-360X.2022.00117.


https://doi.org/10.3390/cells10061437
https://doi.org/10.15252/emmm.201810234
https://doi.org/10.4103/1673-5374.306080
https://doi.org/10.2174/157340310791162659
https://doi.org/10.20463/pan.2021.0003
https://doi.org/10.52711/0974-360X.2022.00117

10.

13.

14.

19.

20.

21.

Inhibition of Senescence Through Decreasing p16ink4a Expression 493

. Herranz D, Muifioz-Martin M, Canamero M, Mulero F, Martinez-Pastor B, Fernandez-

Capetillo O, Serrano M. Sirtl improves healthy ageing and protects from metabolic
syndrome-associated cancer. Nat Commun. 2010 Apr 12;1:3. https://doi.org/10.1038/ncomms
1001

. Yao H, Rahman I. Perspectives on translational and therapeutic aspects of SIRT1 in inflam-

maging and senescence. Biochem Pharmacol. 2012 Nov 15;84(10):1332-9. https://doi.org/
10.1016/j.bcp.2012.06.031.

. Kumboyono K, Chomsy IN, Nurwidyaningtyas W, Cesa FY, Tjahjono CT, Wihastuti, TA.

Differences in senescence of late Endothelial Progenitor Cells in non-smokers and smokers.
Tob. Induc. Dis. 2021; 19: 41. https://doi.org/10.18332/tid/135320

Mitchell SJ, Martin-Montalvo A, Mercken EM, Palacios HH, Ward TM, Abulwerdi G, Minor
RK, Vlasuk GP, Ellis JL, Sinclair DA, Dawson J, Allison DB, Zhang Y, Becker KG, Bernier
M, de Cabo R. The SIRT1 activator SRT1720 extends lifespan and improves health of mice
fed a standard diet. Cell Rep. 2014 Mar 13;6(5):836-43. https://doi.org/10.1016/j.celrep.2014.
01.031.

. YuM, Zhang H, Wang B, Zhang Y, Zheng X, Shao B, Zhuge Q, Jin K. Key Signaling Pathways

in Aging and Potential Interventions for Healthy Aging. Cells. 2021 Mar 16;10(3):660. https://
doi.org/10.3390/cells10030660. PMID: 33809718; PMCID: PMC8002281.

. Qiu Y, Zhang C, Zhang G, Tao J. Endothelial progenitor cells in cardiovascular diseases.

Aging Med (Milton). 2018 Sep 19;1(2):204-208. https://doi.org/10.1002/agm?2.12041.

Chi Yan , Zhimeng Xu , Weigiang Huang. Cellular Senescence Affects Cardiac Regeneration
and Repair in Ischemic Heart Disease. Aging and disease. 2021, 12(2): 552-569 https://doi.
org/10.14336/AD.2020.0811

Peyter AC, Armengaud JB, Guillot E, Yzydorczyk C. Endothelial Progenitor Cells Dysfunc-
tions and Cardiometabolic Disorders: From Mechanisms to Therapeutic Approaches. Int. J.
Mol. Sci. 2021 Jun 22;22(13):6667. https://doi.org/10.3390/ijms22136667. PMID: 34206404;
PMCID: PMC8267891.

. Hayashi T, Yano K, Matsui-Hirai H, Yokoo H, Hattori Y, Iguchi A. Nitric oxide and endothelial

cellular senescence. Pharmacol Ther. 2008 Dec;120(3):333-9. https://doi.org/10.1016/j.pha
rmthera.2008.09.002.

. Wu RA, Upton HE, Vogan JM, Collins K. Telomerase Mechanism of Telomere Synthesis.

Annu Rev Biochem. 2017 Jun 20;86:439-460. https://doi.org/10.1146/annurev-biochem-061
516-045019.

. Ledo,R., Apolénio, J.D., Lee, D. et al. Mechanisms of human telomerase reverse transcriptase

(hTERT) regulation: clinical impacts in cancer. J. Biomed. Sci. 25, 22 (2018). https://doi.org/
10.1186/512929-018-0422-8

. Scalera, F., Borlak, J., Beckmann, B.; Martens-Lobenhoffer, J. Thum, T., Tdger, M., Bode-

Boger, S.M. Endogenous nitric oxide synthesis inhibitor asymmetric dimethyl L-arginine
accelerates endothelial cell senescence. Arterioscler. Thromb. Vasc. Biol. 2004, 24, 1816—
1822.

Chen RJ, Wu PH, Ho CT, Way TD, Pan MH, Chen HM, Ho YS, Wang YJ. P53-dependent
downregulation of hTERT protein expression and telomerase activity induces senescence
in lung cancer cells as a result of pterostilbene treatment. Cell Death Dis. 2017 Aug
10;8(8):€2985. https://doi.org/10.1038/cddis.2017.333.

Dowsett L, Higgins E, Alanazi A, Alshuwayer NA, Leiper FC, Leiper J. ADMA: A Key Player
in the Relationship between Vascular Dysfunction and Inflammation in Atherosclerosis. J.
Clin. Med. 2020, 9, 3026; https://doi.org/10.3390/jcm9093026

Xia N, Forstermann U, Li H. Resveratrol and endothelial nitric oxide. Molecules. 2014 Oct
9;19(10):16102-21. https://doi.org/10.3390/molecules191016102.


https://doi.org/10.1038/ncomms1001
https://doi.org/10.1016/j.bcp.2012.06.031
https://doi.org/10.18332/tid/135320
https://doi.org/10.1016/j.celrep.2014.01.031
https://doi.org/10.3390/cells10030660
https://doi.org/10.1002/agm2.12041
https://doi.org/10.14336/AD.2020.0811
https://doi.org/10.3390/ijms22136667
https://doi.org/10.1016/j.pharmthera.2008.09.002
https://doi.org/10.1146/annurev-biochem-061516-045019
https://doi.org/10.1186/s12929-018-0422-8
https://doi.org/10.1038/cddis.2017.333
https://doi.org/10.3390/jcm9093026
https://doi.org/10.3390/molecules191016102

494 T. A. Wihastuti et al.

22. Li RL, Lu ZY, Huang JJ, Qi J, Hu A, Su ZX, Zhang L, Li Y, Shi YQ, Hao CN, Duan JL.
SRT1720, a SIRT1 specific activator, protected H202-induced senescent endothelium. Am J
Transl Res. 2016 Jul 15;8(7):2876-88.

23. XiaL, Wang XX, Hu XS, Guo XG, Shang YP, Chen HJ, Zeng CL, Zhang FR, Chen JZ. Resver-
atrol reduces endothelial progenitor cells senescence through augmentation of telomerase
activity by Akt-dependent mechanisms. Br J Pharmacol. 2008 Oct;155(3):387-94. https://
doi.org/10.1038/bjp.2008.272.

24. Wang Y, Sharpless N, Chang S. p16(INK4a) protects against dysfunctional telomere-I nduced
ATR-dependent DNA damage responses. J Clin Invest. 2013 Oct;123(10):4489-501. https://
doi.org/10.1172/JC169574.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.


https://doi.org/10.1038/bjp.2008.272
https://doi.org/10.1172/JCI69574
http://creativecommons.org/licenses/by-nc/4.0/

	Inhibition of Senescence Through Decreasing P16ink4a Expression by Sirt-1 in ADMA Exposed EPC
	1 Introduction
	2 Method
	2.1 Study Design
	2.2 Sample Collection and Preparation
	2.3 EPC Cell Culture, SIRT-1 Administration, and Induction of Cell Senescence
	2.4 Identification of P16INK4a
	2.5 Data Analysis

	3 Results and Discussion
	3.1 ADMA Exposure Leads to Increased Intracellular P16ink4a Expression
	3.2 Protective Effect of SRT-1 Against ADMA Exposure on EPC

	4 Conclusion
	References




