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I developed a novel assay to identify compounds which could selectively kill
tumour cells with high levels of NRF2. Thus, I identified two different classes of compounds,
geldanamycin-derived HSP90 inhibitors, and the DNA damaging agent mitomycin C, which both displayed
NRF2-dependent toxicity.

As there are no approved drugs which can be used to treat patients with NRF2-dependent tumours,

there is an urgent unmet clinical need to identify such drugs. In this project, | identified the
chemotherapy drug mitomycin C to be an ideal candidate for drug repositioning to NRF2-dependent

tumours.

Activation of the KEAP-NRF2 pathway is observed in approximately 30% of
human lung tumours, where it is associated with a poor prognosis and reduced overall survival for
patients. Despite the fact that NRF2 is a validated driver of aggressive cancer growth, the complete

lack of approved drugs which can target oncogenic NRF2 signaling means that there is an urgent
clinical need to identify compounds which display efficacy against NRF2-dependent tumours. In this
project, 1 developed a novel assay to identify compounds which could selectively kill tumour cells
with high levels of NRF2 activity. Using this approach, | identified two different classes of
compounds, geldanamycin-derived HSP90 inhibitors, and the DNA damaging agent mitomycin C, which both
displayed NRF2-dependent toxicity.
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Pan-cancer genomic analyses have identified a multitude of signaling pathways
which drive and sustain tumorigenesis. Unfortunately, in many cases the therapeutic
exploitation of these validated cancer targets is limited by the lack of efficacious drugs
which can specifically inhibit oncogenic signaling. For example, many tumour
suppressors and oncogenic transcription factors lack deep, druggable binding pockets
which makes the pharmaceutical manipulation of their activities particularly
challenging. This inability to chemically modulate these bona fide cancer drivers
presents a significant bottleneck in the fight against cancer.

One important oncogenic pathway whose activity cannot currently be inhibited
by therapeutic interventions is the KEAP1-NRF2 pathway. Activating mutations in
KEAP1-NRF2 signaling are present in 34% of squamous cell lung carcinoma, 22% of lung
adenocarcinoma, 30% of oesophageal carcinoma, and 19% of hepatocellular carcinoma,

and are associated with a poor prognosis and low overall patient survival.

Current strategies for targeting NRF2-dependent tumours are primarily focused
on the development of direct NRF2 inhibitors. These first-generation NRF2 inhibitors,
including brusatol and halofuginone, are general protein translation inhibitors which do
not exhibit specificity for the KEAP1-NRF2 pathway, and therefore have limited clinical
potential. As it is particularly challenging to develop drugs which directly inhibit the
function of transcription factors like NRF2, we pursued a synthetic lethal strategy to
specifically target NRF2-dependent tumours, as this obviates the need to identify direct
NRF2 inhibitors. Because NRF2 regulates the expression of many drug metabolizing
enzymes, it is an excellent candidate for synthetic lethal screening as its target genes
may metabolize and activate prodrugs specifically in tumour cells with aberrant NRF2
activation. In the context of NRF2-dependent cancer, a synthetic lethal compound would
only exhibit toxicity in cells with high levels of NRF2 activity, leaving the wild-type cells
within the patient relatively insensitive to any harmful effects. This strategy provides a
large therapeutic window for treatment, and allows for the development of compounds

to target pathways often considered “non-druggable”.

In order to identify compounds which are synthetic lethal with high levels of
NRF2 activity, we developed a phenotypic screen based on an isogenic pair of
fluorescently labelled Hepal cells. CRISPR-Cas9 was used to knockout Keap1, resulting
in the constitutive activation of Nrf2 and the upregulation of Nrf2-dependent target gene
expression. Stable clones of the parental wild-type Hepal cells expressing EGFP, and



Keapl KO cells expressing mCherry, were generated, which allowed the genetic identity
of the cells to be tracked throughout the screening process due to their differential
fluorophore expression. This enabled us to the mix the WT-GFP and Keapl KO-mCherry
cells in the same microplate wells during the screen, guaranteeing that the cells
experienced the same conditions when treated with the library of screening compounds,
while simultaneously generating a greater dynamic range for the screening assay. Using
this approach, any compound which could significantly decrease the ratio of
mCherry:GFP would be considered a synthetic lethal hit (Fig 1).
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FIG 1. The novel fluorescence-based screening system which | used to identify NRF2-dependent synthetic
lethal compounds.

In this study, we developed a novel synthetic lethal screening strategy to
identify compounds which specifically Kill cells with high levels of NRF2 activity.
Through this approach, we identified two different classes of compounds which show
enhanced toxicity towards cells with activated NRF2 signaling.

The first class consists of three compounds that are based on the geldanamycin
scaffold, and function as HSP90 inhibitors. Mechanistically, we show that NRF2 target
genes effectively turn the geldanamycin-derived compounds into prodrugs which are
selectively metabolized into more potent HSP90 inhibitors in cells with aberrant NRF2
activity. Together, our findings demonstrate that geldanamycin-based compounds
represent excellent candidates for drug repositioning to target the currently undruggable
KEAP1 and NRF2 mutations in human cancer.

Furthermore, we identified the DNA alkylating agent mitomycin C to also be a
compound which displays enhanced toxicity in cells with activated NRF2 signaling.
Mechanistically, we found that a number of NRF2 target genes, including CYPOR, NQO1
and enzymes in the pentose phosphate pathway, are all required for the intracellular
bioactivation of mitomycin C. Therefore, enhanced NRF2 activity results in the increased
bioactivation of mitomycin C, and therefore enhanced toxicity in cells with activated
NRF2 signaling. As mitomycin C is already approved for clinical use, we believe that it

represents an excellent candidate for drug repositioning to target the currently



untreatable aberrant NRF2 activation in human tumours.
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