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3. Activation of NRF2 signaling in KEAP1 KO cell lines

Figure 2
A) qPCR analysis demonstrates reduced KEAP1 expression in KEAP1 KO cells compared to KEAP1 WT cells in 
all three cell lines. B) Western blot analysis shows decreased KEAP1 protein expression in KEAP1 KO cells, 
resulting in increased protein expression of NRF2 and its target NQO1.
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KEAP1 is mutated in 15–20% of non-small cell lung cancer (NSCLC) cases and is associated
with poor prognosis. There is an urgent clinical need to develop new therapeutic strategies
for KEAP1-mutated NSCLC. This study aims to establish a cellular model system to investigate
KEAP1-mutant tumors, characterize the genomic evolution of KEAP1 wildtype (WT) and
knockout (KO) cell lines under chemotherapy, and identify therapeutic strategies in KEAP1 KO
cells. We generated three syngeneic KEAP1 WT/KO NSCLC cell line pairs and assessed their
responses to oxidative stress, NRF2 pathway activity, cell viability, and proteomic profiles. We
also screened an FDA-approved drug library and performed pilot studies with NRF2 and
glutaminase inhibitors. Proteomic analyses revealed a ferroptosis-resistant landscape in 
KEAP1 KO, while pharmacological studies identified NRF2 inhibition and specific drug classes
as promising strategies to resensitize KEAP1-deficient cells to reactive oxygen species.

1. Introduction

Figure 1
KEAP1 controls NRF2 pathway activity. 
Under physiological conditions, KEAP1 
binds to NRF2, mediating its degradation 
through the CUL3 E3 ubiquitin ligase. High 
levels of ROS or KEAP1 mutations prevent 
KEAP1 binding to NRF2. NRF2 can 
accumulate and migrate to the nucleus, 
where it acts as a transcription factor and 
binds to antioxidant response elements 
(ARE), initiating an antioxidant transcription 
program.

2. Methods
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4. KEAP1 KO cell lines are more resistant to ROS induction

Figure 3
DCFDA ROS assay demonstrates reduced ROS levels in all three KEAP1 KO cell lines compared with KEAP1 WT 
following menadione-induced oxidative stress. This reduction is consistent with enhanced antioxidant capacity 
associated with KEAP1 loss and NRF2 activation.
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5. KEAP1 KO cell lines have higher cell viability under oxidative stress

Figure 4
Cell viability measured using CellTiter-Glo demonstrates relatively higher viability in all three KEAP1 KO cell lines 
compared with KEAP1 WT following treatment with the ROS inducer menadione. These findings support a 
survival advantage associated with KEAP1 loss and NRF2 activation.
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7. Proteomics confirms NRF2 pathway distortion and indicates 
ferroptosis resistance landscape
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Figure 6
A. Proteomic analysis of H1299, H3122, 
and HCC1833 KEAP1 KO confirms 
activation of the NRF2 pathway and 
alterations of generic stress response 
pathways. B. HUB protein network 
indicates dysregulation of proteins 
involved in ferroptosis suppression. C. 
Transcription factor analysis indicates a 
possible role of RUNX1, PPARG, and 
HNF4A. D. Protein kinase analysis reveals 
targetable kinases like MAPK3, MAPK1, 
HIPK2, and ERK1. E. Mechanism of 
ferroptosis resistance in KEAP1 KO cells.

8. Screen of 1,408 FDA-approved drugs with KEAP1 altered LUAD 
cell lines reveals antifolates as potential therapeutics

KEAP1 altered
[IC50 in nM]

Figure 7
Dose response analysis of the 38 drugs in LUAD cell lines A549, H1623, HCC1833 KEAP1 KO, H1299 KEAP1 KO, 
and H3122 KEAP1 KO. Drugs were selected based on a screen of 1,408 FDA-approved drugs in LUAD cell lines 
H1299WT and H1299 KEAP1 KO under normal and high ROS conditions. Values represent IC50 in nM.

9. Conclusion & Future Directions

✓ We generated three syngeneic cell line pairs with a KEAP1 WT and KO genotype and 
validated the activation of NRF2 pathway, increased cell viability and high tolerance to 
ROS in KEAP1 KO cells compared to KEAP1 WT cells.

✓ Proteomics analysis of the cell line pairs indicate ferroptosis resistance as a potential 
target. 

✓ A screen of FDA-approved drugs with the syngeneic cell line pairs indicate antifolates as 
potential therapeutics. 

✓ We are currently studying the genomic evolution of these cell lines under chemotherapy 
and conducting further drug screens against NRF2 activated tumors. 
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6. NRF2 & Glutaminase inhibitors resensitize KEAP1 KO cells to 
oxidative stress

Figure 5
While KEAP1 KO cell lines exhibit higher 
viability than KEAP1 WT following 
menadione treatment, inhibition of 
NRF2 with Brusatol or ML385 in H1299 
cells reduces this survival advantage, 
highlighting the critical role of NRF2 in 
stress resistance. Similarly, treatment 
with the glutaminase inhibitors CB-839 
and PBTES reduces cell viability, 
supporting glutamine dependency in 
KEAP1-deficient cells and highlighting 
glutamine metabolism as a potential 
therapeutic target.
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