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ATM-ROS-iNOS axis regulates nitric oxide mediated cellular senescence

Meisam Bagheri, Raji R. Nair, Krishna Kumar Singh, Deepak Kumar
Saini

PII: S0167-4889(16)30294-4
DOI: doi: 10.1016/j.bbamcr.2016.11.008
Reference: BBAMCR 17979

To appear in: BBA - Molecular Cell Research

Received date: 3 April 2016
Revised date: 20 October 2016
Accepted date: 10 November 2016

Please cite this article as: Meisam Bagheri, Raji R. Nair, Krishna Kumar Singh, Deepak
Kumar Saini, ATM-ROS-iNOS axis regulates nitric oxide mediated cellular senescence,
BBA - Molecular Cell Research (2016), doi: 10.1016/j.bbamcr.2016.11.008

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.bbamcr.2016.11.008
http://dx.doi.org/10.1016/j.bbamcr.2016.11.008


AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
 

1 
 

Title: ATM-ROS-iNOS axis regulates nitric oxide mediated cellular senescence  

Running title: NO mediated cellular senescence  

Authors and Affiliations: Meisam Bagheri1, Raji R. Nair1, Krishna Kumar Singh1 and 

Deepak Kumar Saini1,2,* 

1Department of Molecular Reproduction, Development and Genetics; 2Centre for Biosystems 

Science and Engineering, Indian Institute of Science, Bangalore, INDIA. Tel: ++91-80-

22932574; Fax: ++91-80-22932574; Email: deepak@mrdg.iisc.ernet.in 

* Corresponding Author 

Highlights 

Exposure to elevated levels of nitric oxide generated internally or provided externally causes 

DNA damage and cellular aging similar to ROS. The viability of aged cells is regulated by 

ATM kinase, ROS and iNOS axis.  

Abstract 

Cellular senescence is an outcome of the accumulation of DNA damage which induces the 

growth arrest in cells. Physiologically, it is presumed to be mediated by accumulation of 

reactive oxygen species (ROS). Here, we show that another free radical, nitric oxide (NO) 

produced during inflammation or present as environmental pollutant can also induce cellular 

senescence. In primary cells and various immortalized cell lines, exposure to chronic NO, 

through external addition or internally generated by iNOS expression, leads to the activation 

of DNA damage response and causes cellular senescence. The phenotype generated by 

NO includes robust growth arrest, increase in the levels of the DNA damage foci, ROS, SA-

gal staining, and inflammatory cytokines like IL-6 and IL-8, all hallmarks of cellular 

senescence similar to replicative senescence. Mechanistically, inhibitor and knockdown 

analysis revealed that NO mediates senescence through ATM kinase activation and the 

viability of cells is dependent on both ROS and ATM kinase involving the ATM - ROS - iNOS 

axis. Overall, we demonstrate that nitric oxide mediates cellular senescence through a novel 

free radical dependent genotoxic stress pathway. 
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