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Why is this a hot topic?

Dominant mechanism of

Median delivery efficiency 0.7% of extravasation of NPs into solid

an injected dose of NPs in tumor tumors through endothelial
2017 transcytosis.
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The entry of nanoparticles into solid tumours
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The biology of
delivery barriers

Poon, W. et al. Nature Nanotechnology 15, 819-829 (2020).
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A generational view of drug delivery
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The evolution of commercial drug delivery
technologies

Ava M. Vargason©?, Aaron C. Anselmo @™ and Samir Mitragotri ©23X

Drug delivery technologies have enabled the development of many pharmaceutical products that improve patient health by
enhancing the delivery of a therapeutic to its target site, minimizing off-target accumulation and facilitating patient compli- A
ance. As therapeutic modalities expanded beyond small molecules to include nucleic acids, peptides, proteins and antibodies, Wy

drug delivery technologies were adapted to address the challenges that emerged. In this Review Article, we discuss seminal Samir Mitragotri. PhD
approaches that led to the development of successful therapeutic products involving small molecules and macromolecules, gotri,

identify three drug delivery paradigms that form the basis of contemporary drug delivery and discuss how they have aided (Harvard/Wyss)
the initial clinical successes of each class of therapeutic. We also outline how the paradigms will contribute to the delivery of
live-cell therapies.
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A generational view of drug delivery

Small molecules

Controlling PKs

Improving solubility
Improving permeability
Target development
Reducing off-target toxicity

Proteins and peptides

Controlling PKs

Improving stability
Non-invasive administration
Bypassing biological barriers
Reducing immunogenicity
Improving target selectivity

Antibodies
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Improving stability
Non-invasive administration
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Reducing immunogenicity
Achieving high doses

Nucleic acids
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Controlling PKs

Improving stability

Bypassing the target cell membrane
Accessing the cytosol or nucleus
Reducing immunogenicity
Preventing off-target gene editing
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Live cells

Controlling unpredictable PKs

In vivo persistence and viability
Reducing immunogenicity

Maintaining therapeutic cell phenotype
Targeting to disease location
Manufacturing and scale-up



A generational view of drug delivery

Small molecules Proteins and peptides Antibodies Nucleic acids Live cells
Challenges
Controlling PKs Controlling PKs Controlling PKs Controlling PKs Controlling unpredictable PKs
Improving solubility Improving stability Improving stability Improving stability In vivo persistence and viability
Improving permeability Non-invasive administration Non-invasive administration Bypassing the target cell membrane Reducing immunogenicity
Target development Bypassing biological barriers Bypassing biological barriers Accessing the cytosol or nucleus Maintaining therapeutic cell phenotype
Reducing off-target toxicity Reducing immunogenicity Reducing immunogenicity Reducing immunogenicity Targeting to disease location
Improving target selectivity Achieving high doses Preventing off-target gene editing Manufacturing and scale-up
HO
\' . - jog -8 mmmym b f‘\“mftr\@m!tn y rmu \rwuiq e©® @))
H M‘ oy o ¢ 4 ~L‘ lo]e) \\
Functional-group PEGylation Antibody Amino acid pH modification Permeation enhancement Endosomal escape
modification humanization substitutions
Q fv @
M
7 e 2
O O~urmumy > 8 e 3
Targeting-ligand Stimulation and Genetic Inhibition of drug Normalization of the
conjugation differentiation engineering Dispersion enhancers clearance environment

5

Vargason, A.M., Anselmo, A.C. & Mitragotri, S. The evolution of commercial drug delivery technologies. Nat Biomed Eng (2021)



A generational view of drug delivery
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Drug modifications Drug delivery systems Environmental modifications
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What's next for non-viral drug
delivery systems?



Tuning nanoparticle chemistry to achieve

tissue-specific delivery
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Liver-specific gene editing

Liu, S., Cheng, Q., Wei, T. et al. Membrane-destabilizing ionizable phospholipids for organ-
selective mMRNA delivery and CRISPR—Cas gene editing. Nat. Mater. 20, 701-710 (2021)
Wei, T., Cheng, Q., Min, YL. et al. Systemic nanoparticle delivery of CRISPR-Cas9
ribonucleoproteins for effective tissue specific genome editing. Nat Commun 11, 3232 (2020)
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Process can be accelerated using
barcoded nanoparticles
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Dahiman, J.E., Kauffman, K.J. et al. Barcoded nanoparticles for high throughput in vivo
discovery of targeted therapeutics. PNAS 114, 8 (2017)

Sago, C.D., Lokugamage, M.P. et al. High-throughput in vivo screen of functional mMRNA
delivery identifies nanoparticles for endothelial cell gene editing. PNAS 115, 42 (2018)
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Related work in the Anderson lab

Mechanism behind lung- Improved NP barcoding
targeted NPs methods
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Closing thoughts

* How does this approach compares to more complex, but
specific, targeting approaches by introducing mono-
clonal antibodies and ligands?

* Material genome atlas for tissue specific drug delivery?
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