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Research in the Bar-Peled laboratory sits at the interface of cellular
metabolism and signal transduction and focuses on understanding how cancer
cells respond to altered metabolic states. Rapidly proliferating cancer cells are
characterized by increased production of toxic metabolic byproducts known
as reactive oxygen species (ROS) that at high levels potently block cancer cell
growth. To neutralize high ROS levels, cancer cells activate the NRF2 pathway,
which governs the cellular antioxidant response. While the NRF2 pathway is
critical for cancer growth, the molecular mechanisms by which this pathway
functions and provides cancer cells with a proliferative advantage remain
poorly understood. By combining frontier molecular, chemical and proteomic
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approaches, research in our lab has revealed that NRF2 establishes a unique
cellular environment that protects critical proteins required for cancer cell
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growth from inactivation by ROS. Our studies indicate that these ROS-regulated
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proteins are highly targetable by small molecule inhibitors and may be
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exploited to develop chemical tools to inactivate these dependencies in cancers.
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Cancer cells display remarkable plasticity
allowing them to adapt to ever changing
environments. A key feature of this plasticity
is their ability to rewire core metabolic
networks to provide a steady source of
energy and building blocks needed for rapid
growth. This demand for energy produces
byproducts, including ROS that alters the
function of proteins, DNA and lipids, and if
left unchecked, results in oxidative stress
and impairs cancer cell viability. To counter
a rise in oxidative stress, cells activate the
NRF2 transcription factor leading to the
expression of a vast network of antioxidant
and detoxiﬁcation genes that restore redox
homeostasis. Multiple cancer cells, including
~30% of non-small cell lung cancers
(NSCLCs) activate NRF2 through the genetic
disruption of its negative regulator KEAP1.
Despite its clear importance in cancer cell
proliferation, we know remarkably little about
how the NRF2/KEAP1 pathway functions
within cancer cells or how ROS modiﬁcation
of proteins alters their function. Our longterm goal is to understand how cancer
cells sense and respond to ROS and to
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pharmacologically modulate these pathways
in cancers where they are deregulated.

Redox control pathways in
Lung Cancer
Our recent studies focus on how the
intracellular environment generated by
NRF2 in NSCLCs is required for cancer
cell proliferation. By employing a chemical
proteomics platform (isoTOP-ABPP) that
identiﬁes changes in cysteine reactivity
mediated by ROS, we demonstrated that
NRF2 is required for the protection of dozens
of proteins from ROS modiﬁcation. We found
that silencing NRF2 in NSCLCs reduced
the reactivity of the catalytic cysteine of the
glycolytic enzyme GAPDH without changing
GAPDH protein abundance. Concomitant
knockdown of NRF2 signiﬁcantly reduced
GAPDH enzyme activity and glycolytic ﬂux, a
metabolic pathway required to fuel cancer
cell proliferation. These results illustrate
how NRF2 can regulate enzyme and pathway
activity, not through direct transcriptional
control, but rather by fostering a favorable
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(Left) A cysteine druggability map identiﬁes proteins exclusively druggable in KEAP1-mutant NSCLC
cells enabling the development of small molecule inhibitors that disrupt NR0B1 protein interactions
(middle) and block KEAP1-mutant cell growth (right).
Images from Bar-Peled et al., 2017.
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develop inhibitors targeting proteins whose
expression and function are stimulated
by this environment. Because of their
importance to protein function, cysteines
are targeted by multiple clinically approved
inhibitors. To identify pharmacological
targets of the NRF2 pathway, we use
powerful chemical proteomic platforms
(cysteine druggability mapping) to identify
the landscape of protein druggability (e.g.
ligand-protein interactions) in genetically
deﬁned lung cancers. Our studies reveal
that multiple proteins, including the orphan

Ongoing projects:
1. Determine how cancer proteomes
respond to changes in the intracellular
redox environment
2. Elucidate the role of NRF2-regulated
reactive metabolites on protein function
3. Decipher how cells adapt to anchorageindependent growth
4. Identify druggable transcriptional
dependencies in genetically-deﬁned
cancers
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nuclear receptor NR0B1, are exclusively
druggable in KEAP1-mutant, NRF2activated cells. By developing a small
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