
Author’s Accepted Manuscript

The antioxidant transcription factor Nrf2
contributes to the protective effect of mild
thermotolerance (40°C) against heat shock-induced
apoptosis

Audrey Glory, Diana A. Averill-Bates

PII: S0891-5849(16)30413-0
DOI: http://dx.doi.org/10.1016/j.freeradbiomed.2016.08.032
Reference: FRB12986

To appear in: Free Radical Biology and Medicine

Received date: 22 January 2016
Revised date: 7 August 2016
Accepted date: 31 August 2016

Cite this article as: Audrey Glory and Diana A. Averill-Bates, The antioxidant
transcription factor Nrf2 contributes to the protective effect of mild
thermotolerance (40°C) against heat shock-induced apoptosis, Free Radical
Biology and Medicine, http://dx.doi.org/10.1016/j.freeradbiomed.2016.08.032

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 galley proof before it is published in its final citable 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.

www.elsevier.com

http://www.elsevier.com
http://dx.doi.org/10.1016/j.freeradbiomed.2016.08.032
http://dx.doi.org/10.1016/j.freeradbiomed.2016.08.032


1 

 

The antioxidant transcription factor Nrf2 contributes to the protective 

effect of mild thermotolerance (40°C) against heat shock-induced apoptosis 

 

Audrey Glory and Diana A. Averill-Bates* 

Département des sciences biologiques (TOXEN), Université du Québec à Montréal, Montréal, 

Québec, Canada. 

 

*Corresponding author, Dr. Diana A. Averill-Bates, Département des sciences biologiques 

,Université du Québec à Montréal, CP 8888, Succursale Centre-Ville, Montréal, Québec, 

Canada H3C 3P8, Tel: (514) 987-3000(4811); Fax: (514) 987-4647, Email: 

averill.diana@uqam.ca 

 

Abstract: 

The exposure of cells to low doses of stress induces adaptive survival responses that protect 

cells against subsequent exposure to toxic stress. The ability of cells to resist subsequent toxic 

stress following exposure to low dose heat stress at 40°C is known as mild thermotolerance. 

Mild thermotolerance involves increased expression of heat shock proteins and antioxidants, 

but the initiating factors in this response are not understood. This study aims to understand the 

role of the Nrf2 antioxidant pathway in acquisition of mild thermotolerance at 40C, and 

secondly, whether the Nrf2 pathway could be involved in the protective effect of 

thermotolerance against heat-shock (42°C)-induced apoptosis. During cell preconditioning at 

40°C, protein expression of the Nrf2 transcription factor increased after 15 to 60 min. In 

addition, levels of the Nrf2 targets MnSOD, catalase, heme oxygenase-1, glutamate cysteine 

ligase and Hsp70 increased at 40C. Levels of these Nrf2 targets were enhanced by Nrf2 

activator oltipraz and decreased by shRNA targeting Nrf2. Levels of pro-oxidants increased 

after 30 to 60 min at 40C. Pro-oxidant levels were decreased by oltipraz and increased by 

knockdown of Nrf2. Increased Nrf2 expression and catalase activity at 40C were inhibited by 

the antioxidant PEG-catalase and by p53 inhibitor pifithrin-α. These results suggest that mild 

thermotolerance (40°C) increases cellular pro-oxidant levels, which in turn activate Nrf2 and 

its target genes. Moreover, Nrf2 contributes to the protective effect of thermotolerance against 

heat-shock (42°C)-induced apoptosis, because Nrf2 activation by oltipraz enhanced 
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