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NRF1 and NRF2 are part of the same family of transcription 
factors.

Main job: help cells adapt to stress and maintain 
homeostasis by turning genes on or off.

They both bind to AREs (Antioxidant Response Elements) in 
DNA—but they respond to different kinds of stress and have 
different control mechanisms.

NRF1 and NRF2



NRF2: the stress response 

The master regulator of antioxidant defense systems.

When activated, it increases expression of genes involved in:
•Antioxidants
•Detoxification enzymes
•Redox balance
•Anti-inflammatory responses

NRF2



•NRF2 is kept in check by counter measures. The fire crew is 
not needed all day everyday – needs to have an off switch.

Under stress (ROS, toxins, electrophiles):
•NRF2 escapes degradation by the countermeasures.
•NRF2 moves into the nucleus
•NRF2 binds AREs (antioxidant response elements) → 
protective genes turn on.

This makes NRF2:
•Fast
•Easily activated
•Transient

“Emergency Response”

NRF2 Regulation



Clinically…

•Protective in:
• Neurodegeneration
• Cardiovascular disease
• Aging

•Problematic when overactive in:
• Cancer (tumors hijack NRF2 to resist chemo & 

oxidative stress)

NRF2 can be a double-edged sword.

NRF2 Applications



Proteasomes



NRF1: the cellular maintenance

Like a “Building manager”
 
Action:
NRF1 is actively maintaining cellular homeostasis:

•Proteasome production
•Protein quality control
•Mitochondrial function
•Lipid and cholesterol metabolism
•ER stress responses
One of its most famous roles:

Proteasome recovery pathway

When proteasomes are inhibited, NRF1 turns on genes to 
make new proteasomes.

NRF1



NRF1:
•Is synthesized into the endoplasmic reticulum (ER) membrane (its 
office)
•Is normally inactive and stuck there.
•Must be:

• Translocated
• Deglycosylated (bound carbohydrates have to be removed)
• Cleaves off to become active

The multiple steps makes NRF1:
•Tightly controlled
•Slower
•Constitutive rather than inducible

The building manager “gets around to it” while the fire crew can be 
immediate.

NRF1 Regulation



•Function is essential (NRF1 knockout mice = lethal)

•Key in:
• Neurodevelopment
• Metabolic regulation
• Proteostasis (balanced, functional, properly folded)

•Future applications:
• Aging
• Neurodegenerative disease
• Cancer metabolism

NRF1 Applications



Feature NRF1 NRF2

Gene NFE2L1 NFE2L2

Role Homeostasis & maintenance Stress response

Speed Slow, constitutive Fast, inducible

Key pathway Proteasome recovery Antioxidant defense

Regulation ER processing & cleavage Mediated degradation

Essential? Yes (developmental) No (protective)

NRF1 vs NRF2 



Not redundant - complementary:

•NRF2 handles acute stress

•NRF1 maintains long-term cellular capacity

•Both bind ARE (antioxidant response element):
• Activate different gene sets
• Respond to different signals

*fire crew vs building maintenance.

Synergistic Activity



Remember mTOR from last week: 

mTOR is the cell’s “growth mode” switch:
•increases protein synthesis
•increases lipid synthesis
•increases ribosome production
•suppresses autophagy

When mTOR is upregulated, cell growth is flipped on.
Anabolic activity creates:
•oxidative stress
•misfolded proteins
•proteasome burden
•mitochondrial strain

This is where the NRF1/NRF2 activation comes into play.



NRF2 <-> mTOR connection:

mTOR activity increases ROS -> activates NRF2
When mTOR drives mitochondrial metabolism and anabolic 
growth, ROS goes up.

ROS/electrophiles modify NRF2 regulator, freeing NRF2 → 
antioxidant genes turn on.

NRF2 regulates that growth mode by keeping cell somewhat 
clean.

NRF2/mTOR



NRF2 supports the metabolic program that mTOR wants

NRF2 doesn’t just drive antioxidants — it can also direct 
resources toward anabolic end points:

•Glutathione recycling
•Fatty Acid synthesis

NRF2 increases effectiveness in the anabolic program that 
mTOR is trying to run. (Body building, obesity, etc).

NRF2/mTOR



NRF1 <-> mTOR connection (proteostasis + proteasome supply)

mTOR increases protein synthesis → requires proteasome capacity
mTORC1 ramps translation (transcription → translation).
More translation = more proteins = more mistakes (cancer?).

Mass anabolic activity requires “quality control”

NRF1 turns on quality control.
→proteasome control (recycling, quality control measures).

NRF1/mTOR



mTOR -> growth accelerator
NRF2 -> oxidative stress shield
NRF1 -> proteostasis / proteasome supply chain

mTor -> build program
NRF2 -> Fire and rescue program
NRF1 -> building maintenance

Summary



Diabetes creates chronic oxidative + metabolic stress. 

NRF pathways either fail, get suppressed, or maladaptively 
activated.

-> mTOR running wild -> fatty acid synthesis -> fire crew can’t 
handle (NRF2) -> maintenance guy has left the building (NRF1).



NRF2 can be suppressed in chronic hyperglycemia

As metabolic syndrome sets in, adaptation and activation 
begins to decline. 

•impaired NRF2 nuclear translocation
•reduced NRF2 transcription (gene activation)
•NRF2 regulator in overdrive
 
Antioxidant response becomes blunted. ROS piles up, 
Tissue gets destroyed.

NRF2 & Metabolic Disease



Diabetes increases proteotoxic stress, catabolic muscle for 
fuel activity, and protein creation mistakes (cancer rates, etc.)

High glucose drives:
•glycation of proteins (HbA1c)
•misfolding
•ER stress – NRF1 stuck in the office.
•damaged mitochondria proteins

This increases demand for:
•proteasome activity
•protein quality control

If NRF1 is impaired → protein quality control fails.

NRF1 & Metabolic Disease
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