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Reactive oxygen species (ROS) 
homeostasis and redox regulation in 
cellular signaling



Primary sources of ROS occur from the transfer of electrons (e) to 
molecular oxygen at either Complex I or III in the mitochondria. 

Reactive oxygen species generation (ROS) and disposal
in the mitochondria



Overproduction of ROS and its contribution
to various disease families

Swiss Med Wkly. 2012;142:w13659



Various oxidantsare produced by endogenous or exogenous sources. Their 
steady state levels are also controlled by removal reactions (sinks). Low oxidant 
exposure allows for addressing specific targets in the use for redox signaling 
(oxidative eustress良性壓力), whereas high exposure leads to disrupted redox 
signaling and/or damage to biomolecules (oxidative distress). Adaptive 
responses modulate and counteract. The outcome contributes to health and 
disease processes.

Oxidative stress and its relationship to redox 
signaling

Current Opinion 
in Toxicology 
2018, 7:122–126



Reactive oxygen species (ROS)
regulate several signaling 
pathways through interaction 
with critical signaling molecules, 
affecting a variety of cellular 
processes, such as proliferation, 
metabolism, differentiation, and 
survival (apoptosis signal-
regulated kinase 1 (ASK1), PI3 
kinase (PI3K), protein tyrosine 
phosphatase (PTP), and Src
homology 2 domain-containing 
(Shc)); antioxidant and anti-
inflammatory response 
(thioredoxin (TRX), redox-
factor 1 (Ref-1), and NFE2-like 2 
(Nrf-2)); iron homeostasis (iron 
regulatory protein (IRP)); and 
DNA damage response (ataxia–
telangiectasia mutated (ATM)).

Cellular signaling pathways regulated by ROS



Apoptosis triggered by internal 
(intrinsic) or external (extrinsic) 
stress signals 



Apoptosis triggered by internal (intrinsic) or external (extrinsic) stress 
signals that is activated by binding of ligands (e.g. FasL, APO-2L, TRAIL, 
TNF) to cell surface receptors (e.g. Fas, DR4, DR5, TNF-R1). The intrinsic 
apoptosis pathway might be triggered by p53 upon DNA damage following 
exposure to cellular stress. 

Schematic representation of apoptotic pathways

Progress in Neurobiology 112 (2014) 24–49



Death-receptor-mediated and mitochondrial 
pathways of cell apoptosis. Death receptor 
extrinsic pathway



Role of genetic factors and environmental factors in PD 

In dopaminergic neurons oxidative stress can occur due to defects of genes known to 
play a role in the etiology of PD, such as PINK1, LRRK2. Oxidative stress and other 
cellular-stress stimuli may lead to neuronal cell death by disrupting the function of PD 
related gene products such as Parkin, DJ-1 or PINK 1. This may lead to the interference 
with the function of mitochondria or induction of inflammatory processes within 





Autophagy regulation, function and diseases



Autophagy is vital in a range of physiological
and pathological situations

Acta Pharmacologica Sinica (2013) 34: 585–594
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The Autophagy induction

Klionsky, D.J. (2010). Dev Cell 19, 11‐12.Klionsky, D.J. (2010). Dev Cell 19, 11‐12.



Autophagy functions to balance cellular metabolism and promote
cell survival during stressful conditions. 

Formation and expansion of the isolation membrane



Summary of basic autophagy signaling events



Distinct steps of the autophagic pathway can be altered in a variety of 
neurodegenerative disorders and possible links to  neuronal cell 

death

AD, Alzheimer’s disease; ALS, amyotrophic lateral sclerosis; CMT, Charcot–
Marie–Tooth disease; FTD, fronto-temporal dementia; HD, Huntington’s 
disease; LSDs, lysosomal storage disorders; PD, Parkinson’s disease; SCAs, 
spino-cerebelar ataxias; SMA, spinal muscular atrophy; SP, spastic paraplegia.




