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 STUDY NOTES   

For this byte, you will be asked to read just the Abstracts from a selection of papers relevant to the topic.  
The Abstract is a summary of the detail which makes up the body of the paper, some of which are very 
lengthy. Your exercise here is to identify the key points the authors have included. Ideally, you would use a 
highlighter to identify the points which you feel are most relevant. 

We have completed the first example for you to show how Nrf2 activation is critical in mediating the 
expression of the genes associated with antioxidant signalling and the detoxification genes.  We also 
highlight the fact that Nrf2 acts hormetically (we discussed the concept of ‘hormesis ‘in Byte #1) 

If you would like to locate the paper online, the URL is listed below each entry.  Some of the full papers are 
available free online; others require payment.  Where possible, we have included those that are Open 
Access. 

Abstract #1   The Rise of Antioxidant Signalling – The Evolution and Hormetic Actions of Nrf2 

Hormesis is an important concept in examining the Dose-Response.  A dose that is too low will fail to 
activate gene expression but a dose that is too high is toxic to other aspects of cell function.  Nrf2 is also 
governed by hormetic principles.  The pharmaceutical Nrf2 activator, Bardoxolone methyl led to death from 
myocardial infarction in clinical trial renal participants.  The Nrf2-activating potential is over 800-fold higher 
than for any food-derived Nrf2 activator. 

https://europepmc.org/article/MED/20122947 

https://europepmc.org/article/MED/20122947
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Abstract #2 Free Radicals, Antioxidants and Functional Foods 

COURSE NOTE: This 2010 paper provides excellent background material on the concepts of redox balance 
whilst also explaining the roles that certain functional food and botanical (herb) molecules play.  It is worth 
at least skim-reading the relevant sections and saving the paper for future reference.  Questions you may 
have on the classifications of the various endogenous and exogenous antioxidants have likely been 
addressed.  Please note that the newer science around nutrigenomic induction of the antioxidant enzymes 
was not well-known in 2010.  Therefore, the authors discuss the antioxidant vitamins, whereas today, see 
them in a secondary role as radical scavengers that, unlike the antioxidant enzymes, are readily oxidised. 

THE OXIDATIVE STRESS – INFLAMMATION COUPLE It is important to be aware that unregulated radical 
species create tissue and cellular damage that lead to the production of inflammatory cytokines by the 
activation of the transcription factor, NF-kB.  Inflammatory cytokines create further tissue and cellular 
damage, leading to a feed-forward cycle where oxidative stress and inflammation continue to feed each 
other.  In a clinical environment, most chronic diseases are underpinned by inflammation; this means that 
they are also underpinned by oxidative stress.  Whenever we treat a patient with a typical chronic 
condition, both oxidative stress and inflammation will be equally active processes. 

Furthermore, the tissue damage generated in this way sends signals to activate Nrf2.  In so doing, an entire 
battery of protective genes is upregulated, not the least of which are the Phase 2 detoxification genes, 
essential in clearing the cellular debris. 

It is also important to note that food-derived direct-acting antioxidants like Vitamin C and beta-carotene 
scavenge radical species, quenching one or a few radical species per vitamin molecule.  This is in direct 
contrast to the situation where Nrf2-activated antioxidant enzymes quench literally millions of radical 
species per second, the enzyme continuing to recycle itself for several days.  This is why vitamin 
antioxidants act as the ‘supporting cast’ and not the major modulators of redox balance.   

 https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3249911/  

https://europepmc.org/article/MED/20122947 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3249911/
https://europepmc.org/article/MED/20122947
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Abstract #3 NRF2, a Transcription Factor for Stress Response and Beyond 

COURSE NOTE:  This 2020 Abstract summarises the many facets of Nrf2 and why it provides an important 
foundation for treatment of virtually any condition.  The Abstract illustrates the upstream nature of Nrf2 
activity, stating that emerging evidence shows that NRF2 lies at the centre of a complex regulatory 
network and establishes NRF2 as a truly pleiotropic transcription factor. 

Activating Nrf2 is the key to induction of the expression of several genes associated with 
numerous inbuilt mechanisms of cellular protection. 

 

 

 

He F, Ru X, Wen T. NRF2, a Transcription Factor for Stress Response and Beyond. International 
Journal of Molecular Sciences. 2020; 21(13):4777. 
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Abstract #4 A Systems Biology Perspective on Nrf2-mediated Antioxidant Response 

COURSE NOTE:  The full paper is very detailed; however, it has been included because it is one of the 
earlier papers (2010) that highlights the fact that high doses of direct-acting antioxidant supplements may 
have adverse effects. As direct scavenging molecules, they can mask the signals that are needed to activate 
Nrf2.  When Nrf2 fails to activate, it is unable to induce the genes that code for antioxidant and 
detoxification enzymes together with the other molecules that promote cellular defences.   

Human cells rely on potent endogenously-produced enzymes for their antioxidant and detoxification 
requirements.  The non-enzyme antioxidant molecule, glutathione is also synthesised following the 
activation of Nrf2 (refer to the figure in Discussion Point #8).  Glutathione plays numerous roles in the 
cellular defence systems, in its own right and also in several ‘supporting’ processes that are driven by the 
antioxidant enzymes (Glutathione peroxidase, for example) and the Phase 2 detoxification enzymes, such 
as Glutathione-S-transferase.  (Page 94 of the paper is worth reading in this regard) 

 

https://pubmed.ncbi.nlm.nih.gov/19716833/  

https://pubmed.ncbi.nlm.nih.gov/19716833/
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Abstract # 5 Reactive Oxygen Species and Cellular Defence System 

COURSE NOTE:  As a book chapter, this article is not free but the Abstract nicely summarises its thrust.   
Where 20th century nutrition science has tended to focus on the notion that cells require large amounts of 
antioxidants, this chapter adopts the now-accepted view that the cellular defence system produces its 
own potent antioxidant enzyme molecules as and when it requires them.   

It relies on free radicals, Reactive Oxygen Species (ROS) and Reactive Nitrogen Species (RNS) to signal the 
need for the cell to upregulate its defences.  Unregulated, ROS and RNS would lead to the damaging effects 
of oxidative stress but in healthy cells, these radical species are the necessary signals to ‘switch on’ a 
battery of protective mechanisms, largely due to Nrf2 activation. 

 

https://link.springer.com/chapter/10.1007/978-81-322-2035-0_2  

https://link.springer.com/chapter/10.1007/978-81-322-2035-0_2
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Abstract #6   An NRF2 Perspective on Stem Cells and Ageing  

Cell renewal is a key process for the normal repair and recovery process, an essential component in 
overcoming any illness.    

This 2021 Abstract reaffirms the recently-appreciated role of the transcription factor Nrf2 as an essential 
component of stem cell renewal.  It refers to stem cell renewal of neural stem cells in plasticity and ageing 
but the same process occurs in all replicating human cell types. 

Notably, the epithelial cells lining the digestive tract are replaced every few days in a remarkably intricate 
process where stem cells in the base of the intestinal crypts are protected by endogenous anti-microbial 
peptides.  Thereafter, the ever-evolving stem cells migrate up the sides of the crypt to the surface, 
differentiating as they go into the diverse range of cell types that are required for normal intestinal 
function.  Clearly, Nrf2 activation is integral to normal cell function and repair. 
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Abstract #6 continued….. 

The Essentiality of Stem Cell Integrity in Repair and Recovery 

The key processes shown below are under the regulatory control of Nrf2.  Any clinical condition that is 
associated with healing, repair and recovery is dependent on normal function of the stem cells. 

 

 

 

 

 

 

Dodson, M., et al. (2021). "An NRF2 Perspective on Stem Cells and Ageing." Frontiers in Aging 2.  
 

 

 

 

https://www.frontiersin.org/articles/10.3389/fragi.2021.690686/full  

FIGURE 3. Proposed NRF2-based redox and metabolic pathways governing stem cell function. Schematic 
representation of NRF2-regulated pathways and specific downstream transcriptional targets that have been 
shown to play a role in mediating stem cell survival, self-renewal, and activation/differentiation. 

https://www.frontiersin.org/articles/10.3389/fragi.2021.690686/full
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Abstract # 7   The emerging role of Nrf2 in mitochondrial function   (the link to ATP production) 

The Abstract to this rather complex paper includes some very important concepts.  The various concepts 
are colour-highlighted and described in the commentary below.  You will see that energy production in the 
form of ATP synthesis is closely linked to the concepts of redox balance, inflammation and detoxification 
mentioned in earlier Abstracts.  As you read the Abstract, think about each colour-highlighted section and 
what it tells you. Each illustrates the key roles played by Nrf2 activation in many essential cell functions. 

The lead author, Dr Albena Dinkova-Kostova has contributed enormously to Nrf2 research, initially on cancer 
prevention and later on other avenues where Nrf2 underpins core cellular processes.  Her paper describes its 
protective role in maintaining and promoting the structural and functional integrity of mitochondria.  
Mitochondrial integrity is necessary for ATP energy production, the best-known of its functions.   

1. What is the major source of Free Radicals in Cells?   Perhaps surprisingly, the major source of 
Reactive Oxygen Species (ROS - free radicals) in human cells arises from the mitochondria, whilst 
generating ATP. The quantity if typically far in excess of that obtained from the environment. The 
antioxidant enzyme, Superoxide dismutase (MnSOD) is synthesised abundantly within the 
mitochondria as a means of preventing the superoxide radical from damaging these delicate 
organelles.  A range of protective antioxidant enzymes is generated in response to Nrf2 activation, 
illustrating the multi-faceted role of the Nrf2 transcription factor in cellular defence mechanisms. 

 
2. Considering Cellular Defences in Combination, not in Isolation   The first paragraph in light blue 

highlights the interactive processes that result in the synthesis of antioxidant, detoxification and 
anti-inflammatory enzymes on Nrf2 activation.  The key point from a clinical standpoint is that all of 
these key defensive processes are induced simultaneously.   The key point here is that Instead of 
addressing oxidative stress, inflammation and detoxification with separate interventions, a single 
intervention may be all that is required. 

 
3. Nrf2 in response to cellular stressors The important theme reinforced by the authors is that Nrf2 

plays a crucial role in the maintenance of redox status via several mechanisms shown in the text 
highlighted below in yellow.   

 
4. ATP Synthesis  Discussion Point #7 further on, illustrates the interactive nature of these cellular 

defence processes, together with two other essential process, ATP synthesis and methylation. 
 
5. Signals to Increase the Number of Mitochondria in Cells   Activating Nrf2 upregulates mitogenesis, 

the process by which mitochondria increase in number in response to energy demands on the cell.  
An athlete can rapidly increase the number of mitochondria in his or her cells as increasing exercise 
demands more ATP. (light green highlighted text) 

 
6. Oxidative stress causes mitochondria and swell and burst (dark green text).  Nrf2 activation helps to 

prevent this from happening, thereby helping to maintain the integrity of mitochondria. Nrf2 is 
critical for normal mitochondrial function (second pink highlights) 

 
7. The Clinical Relevance of Coenzyme Q10 in Mitochondrial Energy Synthesis (this is additional to the 

content of the Abstract).  Coenzyme Q10 is endogenously synthesised in human cells and plays a key 
role in the generation of ATP within these tiny organelles.  As a means of enhancing ATP synthesis, 
Coenzyme Q10 has become popular as a supplement; however, without Nrf2’s role in maintaining 
the functional integrity of the mitochondria, Coenzyme Q10 has little clinical application.  Nrf2 is also 
essential to recycle oxidised CoQ10 to the reduced and active form. 
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Dinkova-Kostova, A. T. and A. Y. Abramov 
(2015). "The emerging role of Nrf2 in 
mitochondrial function." Free Radical Biology 
and Medicine 88: 179-188. 
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Discussion Point # 8 Four Interactive Pathways Associated with Methylation  

FIVE PRINCIPAL INTERACTIVE PATHWAYS There are five principal biochemical pathways that are fundamental to optimised cellular defence 
mechanisms. These pathways are common to all nucleated cells. None can act in isolation and there are continuous feedback signals from one to the other 
in order to either upregulate or downregulate specific functions.  Intricate regulatory control processes ensure that these interactive pathways work in 
harmonious synchrony.   

As clinicians, we can think of these pathways as levers that we can pull in order to effect change in the cells.  Importantly, we should aim to choose levers 
(nutrient interventions) that restore harmony to these pathways.  Excessively ‘pulling’ one lever has the potential to perturb the function of the other four. 

METHYLATION There are some schools of 
thought that consider methylation as the ‘most 
important’ cellular process.  In light of its 
interactions with other core processes, 
methylation is no more important than any of the 
other four principal pathways. 

Discussion Point #8 which follows, illustrates the 
complexity of these interactions and their 
relationship to the synthesis of key biomolecules 
such as: 

• Glutathione 
• Tetrahydrobiopterin (BH4) 
• Monoamine Neurotransmitters and their 

degradation via COMT 
• Nitric Oxide 
• Purine synthesis (a nucleotide base) 

And in epigenetic methylation reactions that 
silence genes when necessary. 
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Discussion Point #9 The Complex Network of Methylation Cycles and its Dependence on Nrf2 Activation 


