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History of Medicine:
Innovative Medicines Result in New Cures

Sanitation/Clean Water
Antisepsis/Anesthesia
Vaccines
Small Molecules

Biologics
(Enzymes and Antibodies)

. “Living Drugs”
Cell and Gene Medicines Different PK/PD

Migrate, Divide,
Microbiome Manipulation Respond...



A Visual Example of the Different PK/PD of Genome
Edited Engineered Hematopoietic Stem Cells
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Hypothesis: Precision engineering will enable
more effective, safer cellular therapies which
will enable more patients with a wider variety
of diseases to be treated or even cured



Genome Editing Provides a Precise
Method of Genetically Engineering Cells
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Genome Engineering to Engineer Therapeutic Cells
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Multiple Uses of Homologous Recombination Based Editing




Gene Correction for Sickle Cell Disease
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Functional Gene Correction: Near Universal Gene Correction
Strategy for Genetic Diseases Caused by Multiple Mutations

Molecular Therapy, 2021

Targeted replacement of full-length CFTR in
human airway stem cells by CRISPR-Cas9 for
pan-mutation correction in the endogenous locus

Sriram Vaidyanathan,' Ron Baik,' Lu Chen,”*? Dawn T. Bravo,’ Carlos ]. Suarez,’ Shayda M. Abazari,'

Ameen A. Salahudeen,” Amanda M. Dudek,' Christopher A. Teran,’ Timothy H. Davis,” Ciaran M. Lee,” Gang Bao,”
Scott H. Randell,° Steven E. Artandi,>*° Jeffrey J. Wine,” Calvin J. Kuo,” Tushar J. Desai,” Jayakar V. Nayak,’
Zachary M. Sellers,! and Matthew H. Porteus'

X sgRNA DSB

crm o (BRI o)

Correction _
Templates FEGEPTREENA = TR A HA = Homology arm
Half CFTR cDNA | tCD19 Cassette

Corrected
il | FIOFTR coin | (o015 Casseto |1 SN . SCID-X1
L J -—
Corrected CFTR locus

3 . RAG2
Gene corrected airway basal stem cells Differentiated airway cells Y W AS
. CGD
Basal Ciliated
CFTR Function Restored L4 P K D

Other Examples:

40
2 2372 40 gy 30 Forskolin - CFTR;,172 E B
10°10° 10" 107 10°10 < ilori [ J
KRTS+ “gu Amiloride l 1
Edited and Enriched
AAV Control
Isotype control

10 min — Universal Corrected
— Non-GF control
— CF-Uncorrected




Engineering Cells to Deliver Therapeutic Proteins to All
Tissues of the Body (including the brain)
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Repurposing the Genome: Knocking a
Therapeutic Gene into Another Gene
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CRISPR/Cas9 enhances tumour rejection

Justin Eyquem!*, Jorge Mansilla-Soto*, Theodoros Giavridis', Sjoukje J. C. van der Stegen!, Mohamad Hamieh!,
Kristen M. Cunanan?, Ashlesha Odak!, Mithat Gonen? & Michel Sadelain!

Gene replacement of a-globin with

p-globin restores hemoglobin balance in
p-thalassemia-derived hematopoietic stem and
progenitor cells

M. Kyle Cromer©®'?, Joab Camarena®'?, Renata M. Martin®’, Benjamin J. Lesch’,

Christopher A. Vakulskas ®?2, Nicole M. Bode ®?, Gavin Kurgan®?, Michael A. Collingwood ©?,
Garrett R. Rettig ©2, Mark A. Behlke ®?, Viktor T. Lemgart, Yankai Zhang?, Ankush Goyal®, Feifei Zhao*5,
Ezequiel Ponce', Waracharee Srifa®’, Rasmus O. Bak®57, Naoya Uchida ®#, Ravindra Majeti ©®*5,
Vivien A. Sheehan?, John F. Tisdale?, Daniel P. Dever ®'® and Matthew H. Porteus ®"55



Creating Lineage Specific Control for Enhanced Safety

ARTICLE
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Optimism about Genome Edited Cells As the
Next Generation Biologics

Precision of Genome Editing Can Enhance
Potency and Safety and Potentially Allow Use in
More Diseases and More Patients
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