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The state of CRISPR-Cas9 gene editing technology and applications for
toxicology research

Functional pathway identification with CRISPR-Cas9 genome wide
knockout screening in human dopaminergic neuronal cells following
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Mechanisms of formaldehyde hematotoxicity revealed by genome-wide
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Gene editing reveals microbiome-host signaling mechanisms that are
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EPA The Good

THE CRISPR REVOLUTION

A Young Mississippi Woman's Journey
Through A Pioneering Gene-Editing
Experiment

December 25, 2019 - 7.00 AMET
Heard on All Things Considered

ROB STEIN

° 22-Minute Listen e ° e

https://www.npr.org/sections/health- : :
shots/2019/12/25/784395525/a -young- m|55|55|p
journéy-through-a-pioneering-gene-editing-experimer
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THE CRISPR REVOLUTION

A Young Mississippi Woman's Jo

The Good, the Great

- 07 OCTOBER 2020

Through A Pioneering Gene-Edit Pioneers of revolutionary CRISPR gene

Experiment
December 25, 2019 - 7.00 AMET
Heard on All Things Considered
3 ROB STEIN

° 22-Minute Listen *PLA Heidi Ledford & Ewen Callaway

shots/2019/12/25/784395525/a-young-mississif
journéy-through-a-pioneering-gene-editing-exp

editing win chemistry Nobel

Emmanuelle Charpentier and Jennifer Doudna share the award for developing the

precise genome-editing technology.

’Sn PDF version

RELATED ARTICLES

The quiet revolutionary: How
the co-discovery of CRISPR
explosively changed
Emmanuelle Charpentier’s
life

Genome-editing revolution:
My whirlwind year with
CRISPR

CRISPR, the disruptor 1/
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THE CRISPR REVOLUTION

A Young Mississippi Woman's Jo ; .
Through A Pioneering Gene-Edit Piloneers Ofl'eVOllltlonary CRISPR What CRISPR.baby prison sentences

Experiment editing win chemistry Nobel mean for research

December 25, 2019 - 7:00 AMET

NEWS - 07 OCTOBER 2020 NEWS - 03 JANUARY 2020

Heard on All Things Considered
Emmanuelle Charpentier and Jennifer Doudna share the award fo , . . . ,
8] ros srem ) o Chinese court sends strong signal by punishing He Jiankui and two colleagues.
precise genome-editing technology.
. . 4 David Cyranoski
° 22-Minute Listen +PLA eidi Ledford & Ewen Callaway
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Growth in CRISPR use
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Gene editing’s promise for AOPs
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\QIEPA Gene editing’s promise for AOPs and NAMs
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S EPA Gene Editing with Clustered Regularly Interspaced
7 Short Palindromic Repeats or CRISPR

Scaffold Complex formation .
gRNA and target binding ‘
+ | —» Eg'. Components
4 ll‘
Spacer ‘/ Target+PAM ° gRNA Guide RNA
Target cleavage ° .
(DSB formation) Spa.cer or crRNA:
GGG G defines target sequence
Non-homologous Homology directed
end joining (NHEJ) rd “x repair (HDR) e Scaffold or tracrRNA:
T T links target to Cas9
WT TN U
N — QT T * PAM: protospacer
ires panauic eskvind M UEion adjacent motif
Deletion T l
Frameshift LGNNI Precise edit ITTTINETTNRITAIaiTrs

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

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



\e,EPA Examples of CRISPR-system use in toxicology growing

* Neurodegeneration -

m Oxidative Stress

_ Russo

m Metabolism

= General Cytotoxicity * Occupational health -

= Cancer Zha ng

= Uptake Mechanisms ] ..

I * Endocrine toxicity -

= Metal Detoxification Gore“Ck

S * Behavior and
microbiome -
Tal

OInterference/Activation [JSingle gene KO W Screening

Lujen et al. 2020. Tox Sci



o Rare and new uses for CRISPR system in mechanistic
\VEPA toxicology

AOP Networks

Rare
1. Epigenetic alterations™

O
Ne H

2. Single base modifications Degree of KEs
3. Comparative functional

toxicogenomics
4. AOP networks

5. Gene editing for biomarker
detection and real time
tOXICOanamICS wm Path occurrence of KEs

Adapted from Dries et al. 2018, ET&C




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

Epigenetic alteration using deactivated Cas9 fusion

RN \
Methylated g Unmethylated

TTT Cytosines TEH Target + PAM ?{i}? Cytosines Tmngcriptinnal
e activation

EEHE off Interest

Transcriptional
activation

200 - 0d 5"

Target + PAM

Ul‘ll'l'iE'H"I?'la‘tE-d ;
77T YOS ONMT3A Target + an 111 Cytosines Transcriptional
Gere of rrerest I = Gene of interest » repression

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



o EPA Rare. Example 1. Histone acetylation mediates /L-6
7 activation and paraquat mediated lung fibrosis

Epigenetic alteration using dCas9

RN \
Methylated g Unmethylated

. TTT Sytesines Tetl  Target + PAM 7Yy Cytosines Transcriptional
— Gene of iInterest ."-" ' activation

— e
L Gene of IntErest

~

Hu et al. 2017

200 -
>

IL-6

Transcriptional

activation
Target + PAM
Unmethylated Methylated
Cytosines Cytosines
— 7Y DNMTSA  Target + PAM TTT Transcriptional
— — — ~——0—— —  repression

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

Scaffold
gRNA Complex fonjnat.ian Cytidine deamination
and target binding (C -> U on free strand)
MoD5H
ol 1 ..GI L) L ] ] Ll Ll r
Spacer STTTTUITITTTTTT T CRARRIRE

Mismatch repair preserves edit IF
modified strand is used as template
. " :

Target+PAM

dCas® or Cas9 nickase
fused to a cytidine deaminase

Base excision repair inhibitor is
also present in fusion protein

Prime editing
~—~> pegRNA

Cas9 nickase fused
RNA-programmed ~——=—— with reverse
DNA-binding protein transcriptase to

make Prime Editor

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

Toxic
response

A

Sensitive

— Siandord deviation

Resistant

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

Enhance risk assessment

B Dose

Exposure



o New. Example 3. Gene editing can advance AOP
EPA networks

B . |
* Multiple receptors involved
Insulm
* Converge at FA and TAG
l * Identify genes involvec
, * Edit gene function
FA and TAG |

* Replicate and confirm chemical
;

. “ 1 response
1 I » Define most critical key event(s)

1 L
VI n * Assist in NAM development

Crosstalk

CAR/PXR/FXR/RXR

Adapted from Dries et al. 2018, ET&C



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

- . |
* Multiple receptors involved
Insulm
* Converge at FA and TAG
l + dentify genes involved

T ‘ * Edit gene function
| | * Replicate and confirm chemical

. response

t
* Define most critical key event(s)

o | * Assist in NAM development
receptor

Crosstalk

CAR/PXR/FXR/RXR

Adapted from Dries et al. 2018, ET&C



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

- . |
* Multiple receptors involved
Insulm
* Converge at FA and TAG
l + dentify genes involved

T ‘ FASN * Edit gene function
APOB | cpria | SHESTTTDGATLZ epse . . .
\CACA * Replicate and confirm chemical
. reaponse

» Define most critical key event(s)
o | * Assist in NAM development

Crosstalk

CAR/PXR/FXR/RXR

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

Chordata ;

E Echinodermata
0 Arthropoda
_{ Nematoda

0

Annelida I/Z
Mollusca @)
. L

Platyhelminthes

Cnidaria &,

Porifera

Adapted from Telford et al. 2015, Current Biol



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

Chemical
* Biomarker detection 7 é\f' H%ﬂdj\. -I
e Chemical effects on - P
4D Nucleome CRISPR System

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

* CRISPR optogenetics
* CRISPR single cell e e

RNA-seq £ ddddd R ﬁ! —

Blue Light
. -470 hm

pMog
rieg

Inactive, no editing Gene editing by NHEJ or HDR




\QIEPA Gene editing’s promise for AOPs and NAMs
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