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The state of CRISPR-Cas9 gene editing technology and applications for 
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Functional pathway identification with CRISPR-Cas9 genome wide 
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Gene editing reveals microbiome-host signaling mechanisms that are 
perturbed by chemical exposure
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The Good

https://www.npr.org/sections/health-
shots/2019/12/25/784395525/a-young-mississippi-womans-
journey-through-a-pioneering-gene-editing-experiment



The Good, the Great

https://www.npr.org/sections/health-
shots/2019/12/25/784395525/a-young-mississippi-womans-
journey-through-a-pioneering-gene-editing-experiment

https://www.nature.com/articles/d41586-020-
02765-9



The Good, the Great, and the Ugly

https://www.npr.org/sections/health-
shots/2019/12/25/784395525/a-young-mississippi-womans-
journey-through-a-pioneering-gene-editing-experiment

https://www.nature.com/articles/d41586-020-
02765-9 https://www.nature.com/articles/d41586-020-00001-y



Growth in CRISPR use
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Gene editing’s promise for AOPs

Molecular Cellular Tissue Organ Individual Population
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Gene editing’s promise for AOPs and NAMs

Molecular Cellular Tissue Organ Individual Population

Molecular 
Initiating Event

Key Events

Traditional Endpoints/NAMs
(adverse effects)

Molecular Endpoints/NAMs
(confirm relationships)

CRISPR System

Adverse Outcome



Gene Editing with Clustered Regularly Interspaced 
Short Palindromic Repeats or CRISPR

Traditional CRISPR systems for gain of function and loss of function edits

Components
• gRNA: Guide RNA
• Spacer or crRNA: 

defines target sequence
• Scaffold or tracrRNA: 

links target to Cas9
• PAM: protospacer 

adjacent motif

https://www.addgene.org/guides/crispr/



Examples of CRISPR-system use in toxicology growing

• Neurodegeneration -
Russo

• Occupational health -
Zhang

• Endocrine toxicity -
Gorelick

• Behavior and 
microbiome -
Tal

Lujen et al. 2020. Tox Sci



Rare and new uses for CRISPR system in mechanistic 
toxicology

Adapted from Dries et al. 2018, ET&C

AOP Networks

Rare
1. Epigenetic alterations*

New
2. Single base modifications
3. Comparative functional 

toxicogenomics
4. AOP networks
5. Gene editing for biomarker 

detection and real time 
toxicodynamics

Degree of KEs

Path occurrence of KEs



Rare. Example 1. CRISPRa/CRISPRi can improve understanding 
of epigenetic mechanisms of toxicity

Epigenetic alteration using deactivated Cas9 fusion

https://blog.addgene.org/crispr-101-editing-the-epigenome



Rare. Example 1. Histone acetylation mediates IL-6
activation and paraquat mediated lung fibrosis

Epigenetic alteration using dCas9

https://blog.addgene.org/crispr-101-editing-the-epigenome

IL-6
Hu et al. 2017



New. Example 2. Single base edits can improve 
understanding of gene-environment interactions

http://www.ilocis.org/documents/chpt33e.htm
Exposure

Single base editing

Prime editing

https://blog.addgene.org/;
Anzalone et al. 2020, Nat. Biotech

Cas9 nickase fused 
with reverse 
transcriptase to 
make Prime Editor

Enhance risk assessment



New. Example 3. Gene editing can advance AOP 
networks

AO

KE2

KE1

MIE

• Multiple receptors involved
• Converge at FA and TAG
• Identify genes involved 
• Edit gene function
• Replicate and confirm chemical 

response
• Define most critical key event(s)
• Assist in NAM development

Adapted from Dries et al. 2018, ET&C



New. Example 3. Gene editing to confirm key event 
linkages in fatty liver

Adapted from Dries et al. 2018, ET&C

AO

KE2

KE1

MIE

• Multiple receptors involved
• Converge at FA and TAG
• Identify genes involved 
• Edit gene function
• Replicate and confirm chemical 

response
• Define most critical key event(s)
• Assist in NAM development



New. Example 3. Gene editing to confirm key event 
linkages in fatty liver

• Multiple receptors involved
• Converge at FA and TAG
• Identify genes involved 
• Edit gene function
• Replicate and confirm chemical 

response
• Define most critical key event(s)
• Assist in NAM development

AO

KE2

KE1

MIE

APOB CPT1A
FASN 
DGAT1,2
ACACA

CD36

Adapted from Dries et al. 2018, ET&C



New. Example 4. Comparative functional 
toxicogenomics can aid AOPs and NAMs

• Confirm conserved genes
• ID key signaling pathways for 

AOP networks
• Translate toxic effects across 

species
• Evaluate/refine existing tools
• Assist in NAM development

Adapted from Telford et al. 2015, Current Biol

Chordata

Echinodermata

Arthropoda
Nematoda

Mollusca

Annelida

Platyhelminthes

Porifera

Cnidaria



New. Example 5. Gene editing for biomarker detection 
and real time toxicodynamics

• Biomarker detection
• Chemical effects on 

4D Nucleome
• CRISPR optogenetics
• CRISPR single cell 

RNA-seq

Chemical

https://blog.addgene.org/
https://commonfund.nih.gov/4Dnucleome

CRISPR System



Gene editing’s promise for AOPs and NAMs
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