
a) Cells under physiological conditions

b) Cells in which a significant level of intracellular ROS generation occur

ROS generating
sources redox signaling

nucleus

steady - state

[ROS]
[RNS]
[HAKs]

time

[ROS]
[RNS]

[HAKs]

antioxidant
defences

no significant change in 
redox state

oxidative stress or anti-
oxidative response

antioxidant
defences

nucleus

absence of redox-
dependent responses

ROS generating
sources redox signaling

[ROS]
[RNS]
[HAKs]

time

[ROS]
[RNS]

[HAKs] antioxidant
defences

b1

gene 
expression

moderate & transient change 
in redox state

induction of cell death

severe & irreversible 
changes in redox state

nucleus

ROS generating
sources

[ROS]
[RNS]
[HAKs]

time

[ROS]
[RNS]

[HAKs]
antioxidant
defences

b2

direct irreversible injury

abortive signaling or      
pro-apoptotic signaling

extracellular
sources or 

stimuli (ex. TNF)

up-regulation of 
different patterns of 

gene expression

pathological
conditions

ROS generating 
sources redox signaling

nucleus

[ROS]
[RNS]
[HAKs]

time

[ROS]
[RNS]

[HAKs] antioxidant 
defences

chronic shift in redox state b3

deregulation

extracellular
sources

persistent increase
in gene expression

GFs, CKs, 
hypoxia


