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Somatic mutations in the KEAP1/NRF2 system in non-small cell lung cancer

Vita Dolzan, on behalf of the members of the Pharmacogenetics Laboratory, UL

Nuclear factor erythroid-2 related factor 2 (NRF2) is a redox-sensitive transcription factor that confers cytoprotection against oxidative stress. Kelch-like ECH-associated protein 1 (KEAP1) negatively regulates NRF2 activity by targeting it to proteasomal degradation (1). Both KEAP1 mutations and NRF2 mutations contribute to the activation of Nrf2 in non-small cell lung cancer (NSCLC) (2) and thus have an effect on its pathogenesis. Exploration of NRF2/KEAP1 somatic mutations that could affect occurrence, course, and treatment response in NSCLC would be beneficial for informed decision making and personalized care with better outcomes.
With the exploitation of available databases (Table 1) we will extract data on somatic mutations within the NRF2/KEAP1 system. The majority of the below listed databases enable extraction of complete lists of somatic mutations associated with NSCLC. However, we will expand our search to databases, comprising of more comprehensive datasets, such as TCGA. TCGA offers complete datasets of somatic mutations, transcriptomic analysis (RNA sequencing) and clinical information, which will help us to connect somatic mutations with their potential effects on gene expression and clinical outcomes. Additional literature will be screened for potential candidate somatic mutations detected in individual studies. A similar study searching for NRF2 somatic mutations has already been conducted. However, this study did not focus only on the NSCLC and it also did not explore other databases apart from TCGA (3). After a comprehensive list of NRF2 and KEAP1 somatic mutations will be established, their potential as tumour-derived cell free DNA biomarkers to be detected in blood will be assessed with a systematic review of the available literature. We will search for studies exploring somatic mutations in tumour cell free DNA, focusing on NSCLC.
Since it is well established that the NRF2/KEAP1 system is involved in the pathogenesis of NSCLC we will also search the ClinicalTrials.gov database for the registered clinical trials with interventions targeting this system. 

Table 1: List of databases to be potentially used in the analysis
	Database
	Information
	Type of data

	TCGA
	GDC Data portal (https://portal.gdc.cancer.gov/)

NRF2 and KEAP1:
https://portal.gdc.cancer.gov/genes/ENSG00000116044
https://portal.gdc.cancer.gov/genes/ENSG00000079999
	· Mutations
· Survival analysis
· Clinical data, histological data, methylation, sequencing, transcriptomics, miRNA

	COSMIC
	https://cancer.sanger.ac.uk/cosmic

Manuscript:
https://academic.oup.com/nar/article/47/D1/D941/5146192

NRF2 and KEAP1:
https://cancer.sanger.ac.uk/cosmic/gene/analysis?ln=NFE2L2
https://cancer.sanger.ac.uk/cosmic/gene/analysis?ln=KEAP1
	· Mutations
· Tissue specific mutations
· Drug sensitivity/resistance; 3D structures

	OncoKB
	https://www.oncokb.org/

Manuscript:
https://ascopubs.org/doi/full/10.1200/PO.17.00011

Instructions: 
https://www.oncokb.org/terms

NRF2 and KEAP1:
https://www.oncokb.org/gene/NFE2L2
https://www.oncokb.org/gene/KEAP1
	· Mutations

	cBioPortal
	https://www.cbioportal.org/

Manuscript:
https://aacrjournals.org/cancerdiscovery/article/2/5/401/3246/The-cBio-Cancer-Genomics-Portal-An-Open-Platform
https://pubmed.ncbi.nlm.nih.gov/23550210/
NRF2 and KEAP1
https://www.cbioportal.org/results/cancerTypesSummary?case_set_id=all&gene_list=NFE2L2&cancer_study_list=5c8a7d55e4b046111fee2296
https://www.cbioportal.org/results/cancerTypesSummary?case_set_id=all&gene_list=KEAP1&cancer_study_list=5c8a7d55e4b046111fee2296
	· Mutations (also annotations)
· Overall survival and disease-free survival
· Pathways

	HSMD
	https://digitalinsights.qiagen.com/hsmd/

Access has to purchased.
	

	CIViC
	https://civicdb.org/home

Manuscript:
https://www.nature.com/articles/ng.3774

NRF2 (no data for KEAP1):
https://civicdb.org/events/genes/3878/summary/variants/3430/summary
	· Mutations
· Clinical studies

	MY CANCER GENOME
	https://www.mycancergenome.org/

NRF2 and KEAP1:
https://www.mycancergenome.org/content/gene/keap1/
https://www.mycancergenome.org/content/gene/nfe2l2/

	· Mutations associated with the disease
· Clinical studies

	GEPIA2
	http://gepia2.cancer-pku.cn/

Manuscript:
https://pubmed.ncbi.nlm.nih.gov/31114875/
	· Expression data in different types of cancer
· Protein isoforms
· Correlation analysis
· Survival analysis (TCGA, GTEX data)

	ClinicalTrials.gov
	https://www.clinicaltrials.gov/
	· Data on registered clinical trials
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Opportunities for collaboration on the review:
1) We are searching for a skilled bioinformatician that would explore the TCGA database to find somatic mutations within the NRF2/KEAP1 system affecting gene expression and clinical outcomes in NSCLC and other types of lung cancers.

2) We are also searching for a collaborator with access to the HSMD database to help us enhance our search.

3) A colalborator willing to search the ClinicalTrials.gov database for registered clinical trials assessing NSCLC and interventions targeting the NRF2/KEAP1 system would be appreciated as well.

4) A collaborator willing to systematically search the literature for the known tumour derived cell free DNA somatic mutations as biomarkers of occurrence, course, and treatment response in NSCLC.
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