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CHAPTER 9: IMPACT



 
 

Background and rationale 

Metabolism is the term used to describe the chemical processes taking place in our bodies 

to generate energy and supply our cellular needs. Any alterations in these reactions whether to 

support increase energy demand or other processes such as growth or proliferation will fall under 

metabolic reprogramming [1]. Originally described in cancer cells to support tumor growth under 

harsh conditions, invasion and metastasis, the term metabolic reprogramming now is not confined 

to cancer [2]. In fact, metabolic reprogramming has been linked to many diseases and syndromes 

including diabetes, amyotrophic lateral sclerosis, obesity, and chronic obstructive pulmonary 

disease [3-6]. Glycolysis can simply be defined as the breakdown of the sugar (glucose) in several 

steps and by multiple enzymes to generate energy. It is one of the earliest and most studied 

metabolic pathways that impact our daily cellular functions.  

Oxidants are normal byproducts of multiple cellular processes that were originally thought 

to always be harmful. However, in the recent century, numerous studies have proved otherwise, 

and now oxidants are known to have several roles in physiological processes including wound 

healing and fighting pathogens [7, 8]. In addition, oxidants serve as important regulators of many 

cellular processes. One mechanism by which oxidants work is through oxidizing their target 

proteins, changing their structure and function. However, too much oxidants will indeed be 

harmful, and in order to prevent damage from these excessive amounts of oxidants, our bodies 

adapt several ways to combat them. The term redox homeostasis then appeared to describe the 

balance between the reactive oxidant species (ROS) production and removal. Scientists have 

identified links between glycolytic reprogramming (changes in the glycolysis pathway) and redox 

homeostasis, whereby the sugar breakdown provides molecules (NADPH) necessary for 

synthesizing glutathione (GSH), a major determinant of redox homeostasis [9]. Similarly to 

metabolic reprogramming, redox homeostasis has also been described to contribute to many 

diseases including cancer and several inflammatory conditions [10, 11]. 

Asthma is a very common lung disease that affects more than 300 million people around 

the globe. The disease has drastic impact on patients’ quality of lives and economies [12, 13]. 

Typical symptoms of asthma include shortness of breath, wheezing, cough, chest tightness 

accompanied with reversible airway blockade. Airway chronic inflammation, airflow obstruction, 

airway hyperresponsiveness (AHR) and remodeling are considered the characteristics of asthma, 

however the disease varies a lot between individuals. Several genetic and physiological factors 

are behind the variability and severity of the symptoms in different patients [13]. Therefore, 

scientists and clinicians have divided asthma into several subtypes to help group together patients 

with similar clinical symptoms (phenotypes) or same underlying mechanism (endotypes). This 
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aims at tailoring treatment strategies with the goal of improving patients’ clinical symptoms and 

quality of lives. Unfortunately, due to asthma complexity, there is a huge overlap between these 

different subtypes that makes it very challenging to subcategorize all asthma patients. 

Additionally, most patients who suffer from the classical asthma eosinophilic inflammation are 

responsive to corticosteroid treatments. However, a substantial group of these patients do not 

respond to treatments, or display a neutrophilic inflammation with severe disease [14]. Therefore, 

a better understanding of the molecular mechanism/s underlying asthma is needed. In addition, 

the identification of new biomarkers is very critical to benefit this subgroup of patients with no 

specific asthma subtype and are not responsive to the current therapies. In this work, we aim at 

understanding the molecular mechanism underlying asthma, and specifically investigating a 

potential role played by glycolytic reprogramming and redox homeostasis in the development and 

progression of the disease. 

 

Findings: 

As stated earlier, in this thesis, our first aim was to study if metabolic reprogramming 

contributes to pro-inflammatory signaling in epithelial cells and whether this affects the 

pathogenesis of allergic airways disease and asthma. Here, we demonstrate that indeed 

enhanced glycolysis is a major contributor to the inflammatory response and worsening lung 

function in asthma models. Specifically, we show that the key inflammatory mediator, IL1B, is 

responsible for the increased glycolysis identified in our analysis. Importantly, we detected higher 

levels of IL1B in samples derived from asthma patients compared to healthy controls. These 

elevated IL1B levels positively correlate with higher amounts of lactate, used as a marker for 

enhanced glycolysis. Interestingly, this correlation was found solely in patients with neutrophilic 

asthma, which is a severe subtype that does not usually respond to treatments. Moreover, we 

show that IL1B signaling induces the release of the pro-inflammatory cytokine TSLP from 

epithelial cells, which has also been linked with severe asthma. The contribution of the glycolytic 

enzyme PKM2 in asthma pathogenesis further confirm the involvement of glycolytic 

reprogramming in the development of the disease. Remarkably, we show the advantages of 

activating PKM2 that lowers mucus metaplasia, collagen deposition and inflammation.  

Our second main objective in this thesis was to investigate if redox perturbations affect 

asthma pathogenesis. Our results in epithelial cells highlight multiple pathways that are regulated 

by redox homeostasis including metabolic pathways, glycolysis, and biosynthesis of amino acids. 

Interestingly, we also show that glycolysis is one of the pathways that is extensively regulated by 

S-glutathionylation, an important oxidation process of reactive cysteines. This conclusion is based 
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on the enhanced glycolysis detected in settings of increased S-glutathionylation, as well as the 

identification of multiple glycolytic intermediates being targets for S-glutathionylation. Importantly, 

TSLP and GM-CSF, two pro-inflammatory cytokines relevant in asthma, were found to be 

increased in settings of increased S-glutathionylation. These data point at a role played by S-

glutathionylation and redox imbalance in regulating glycolytic reprogramming, inflammation, and 

contribution in asthma pathogenesis.  

Our last aim was to unravel the mechanism by which IL1B and/or enhanced S-

glutathionylation increases GSH, the mainstay of redox homeostasis, levels. In here, we show 

that IL1B stabilizes system xc
-, a key determinant in GSH homeostasis, in an SLC7A11/ OTUB1-

SSG- dependent manner. This highlights a new unique regulatory mechanism by which GSH, 

through S-glutathionylation, regulates its own synthesis. Finally, we demonstrate that lowering 

GSH levels (by the inhibition of its rate limiting synthesizing enzyme GCL or system xc
-) attenuates 

TSLP release from lung epithelial cells, suggesting GSH relevance in several inflammatory 

disorders including asthma. 

 

Relevance, direct impact and target groups: 

Results in this thesis broaden our current understanding on mechanisms underlying 

asthma pathogenesis. Herein, we demonstrate that glycolytic reprogramming and redox 

perturbations are both contributors to the disease development. In addition, we propose increases 

in IL1B and lactate as potential non-invasive and rapid biomarkers in asthma, specifically in the 

neutrophilic subtype. These biomarkers will help in better characterization of these patients and 

categorize them into their respective asthma phenotype and therefore will aid with their treatment 

strategy. In addition, we show that inhibiting IL1 signaling attenuates pro-inflammatory cytokines. 

IL1 receptor blocker, anakinra, is an FDA approved drug already in the market for treatment of 

rheumatoid arthritis. Our data suggest that patients with severe asthma subtypes may benefit 

from the use of this drug. Beyond asthma, elevated IL1B has been linked to multiple diseases 

including diabetes, stroke, and Alzheimer’s disease [15-17]. Strikingly, COVID-19 patients exhibit 

higher levels of lactate and PKM2, as well as elevated circulating and plasma IL1B levels in severe 

cases [18, 19]. Therefore, it is worthwhile to test effect of neutralizing IL1B signaling in these 

patients.  

In addition, the new SLC7A11/ OTUB1-SSG mechanism of GSH regulation proposed here 

is enlightening to the redox field and will have a great impact on multiple diseases in which GSH 

is increased including asthma. Some aggressive cancer subtypes have upregulated SLC7A11 

and/or OTUB1 and this is usually accompanied by elevated levels of GSH. Our results may then 
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explain part of the mechanistic details underlying these cancers and help tailor better 

therapeutics. Furthermore, the effect of GSH inhibition on attenuating pro-inflammatory cytokines 

in epithelial cells point at GSH being a potential regulator of inflammatory diseases such as 

asthma. Importantly, these results change the public notion that antioxidants are always good to 

better understand the fine balance between oxidants and antioxidants. 

Moreover, herein we demonstrated the beneficial effects of activating the glycolytic 

enzyme PKM2 in lowering inflammation and asthma. This result may translate into developing 

PKM2 activators that will not only benefit asthma patients but also patients with other inflammatory 

conditions as well. Together all the above observations highlight the relevance of our work and 

broaden its implications beyond asthma. 

Results presented herein are (and will be) published in reputable scientific journals and 

will broaden the knowledge of the research and academic field, in addition to gaining the interest 

of the pharmaceutical industry. However, it is also important that this work reach more of the 

general public outside of the scientific field. Therefore, we strongly recommend simplifying the 

scientific findings and presenting them in the forms of articles in newspapers, magazines, social 

media, and videos for easier access by the general population. Additionally, a clear detailed 

communication between scientists, health care professionals and their patients/ their families is a 

must to increase awareness of ongoing research and new approaches to combat disorders and 

diseases.   
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