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Principle of gene therapy

Genetic mutation — =
1. D Protein replacement therapy
W o - — * Plasmid
m) | EEEE- )
—I—
l * mRNA
Normal . . .
: Cell with Introducing Cell function ¢ Viral aene transfer
' protein defective gene functional gene restored 9

2 Crommr,
: ) Gene silencing

/\ Com

- ) 1 e siRNA
O X  Anti-sense oligonucleotide
Abnormal No Cell with Introducing Cell function (ASO)

protein protein defective gene RNAI restored




Principle of genome editing
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Donor template

e Zinc finger nuclease (ZFN) CRISPR-C
-Cas

* Transcription activator-like effector nuclease (TALEN) Cas
nuclease

e Clustered Regularly Interspaced Short Palindromic Repeats
(CRISPR)

Precise gene modification

Yin et al., Nat. Rev. Drug Discov. (2017)




Major application areas of CRISPR/Cas-based technologies
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Adli, Nat. Commun. (2018)
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Challenges in genome editing: “Delivery”

0 Low delivery efficiency hampers the therapeutic application of genome editing
- CRISPR/Cas9 can be delivered as DNA, mRNA or ribonucleoprotein complex

4. Inside the cell:

* endosomal escape

e disassembly

* crossing the nuclear
membrane

1. Complexation:

: 2. Systemic distribution:
* size

e stability against

* charge nucleases
* stability e clearance 3. Entering the cell:
* biodistribution * selectivity

* crossing the plasma
membrane




Potential of nanomedicine for gene delivery

0 Application of nanotechnology in gene delivery
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* Precise control of particle * Unique electrical, magnetic and * Formulation simplicity with
characteristics optical properties arange of physicochemical
* Payload flexibility for hydrophilic * Variability in size, structure properties
and hydrophobic cargo and geometry * High bioavailability
* Easy surface modification * Well suited for theranostic * Payload flexibility
* Possibility for aggregation applications * Low encapsulation
and toxicity * Toxicity and solubility limitations efficiency

Mitchell et al., Nat. Rev. Drug Discov. (2021)
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Shah et al., J. Drug Deliv. Sci. Technol. (2021)

e Targeted drug delivery e Sustained delivery

* Improved drug stability * Functional modification ¢ Tuned pharmacokinetics
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CRISPR/Cas9 genome editing delivery system
for restructuring of tumor immune microenvironment
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Research background

0 Limited efficacy of cancer immunotherapy :

Pharmaceutical Medicine

LEADING ARTICLE
Addressing Recent Failures in Inmuno-Oncology Trials to Guide Novel
Immunotherapeutlc Treatment Strategies

Shazia K. Nakhoda' - Anthony J. Olszanski' ¢

LETTERS

natuﬂ(iii .
meaicine https://doi.org/10.1038/541591-021-01331-8

Evolution of delayed resistance to immunotherapy
in a melanoma responder

David Liu"?%, Jia-Ren Lin©3>%, Emily J. Robitschek'?, Gyulnara G. Kasumova®, Alex Heyde®®,
Alvin Shi??, Adam Kraya®, Gao Zhang®'°, Tabea Moll", Dennie T. Frederick", Yu-An Chen®3,
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Mechanisms of immunotherapy resistance:
lessons from glioblastoma

Christopher M. Jackson®, John Choi and Michael Lim®*

Immunity
CelPress

Top 10 Challenges in Cancer Immunotherapy

Priti S. Hegde' and Daniel S. Chen*"

Immunosuppressive environment
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Tumor Type
Hegde et al., Inmunity (2020)
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 Overcoming the immunosuppressive environment is the key for therapeutic success




Restructuring of tumor immune microenvironment

Multifunctional nanoparticle
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Construction of MLN for synergistic anti-tumor effect

Nanoparticle synthesis
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Construction of MLN for synergistic anti-tumor effect

Plasmid MLN-mediated synergistic anti-tumor effect Photothermal effect
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MLN-mediated plasmid transfection

Endosomal escape
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MLN-mediated immunogenic cell death

Photothermal effect mediated
calreticulin exposure
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MLN-mediated immunogenic cell death

Calreticulin-mediated cancer cell phagocytosis
by dendritic cell
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MLN-mediate genome editing

In vitro TGF-$
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MLN-mediate genome editing

In vivo TGF-8 genome editing
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Modulation of tumor immune microenvironment
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Anti-tumor efficacy against primary tumor

In vivo experiment schedule
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Systemic immunity against tumor

Immune cell analysis in tumor draining lymph nodes
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 Genome editing-mediated immune activation

* Photothermal effect-mediated Immunogenic cell death
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Anti-tumor efficacy against distant tumor

Cell-type dependent prevention of distant tumor Prevention of tumor metastasis
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Lack of autoimmune response
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Immune suppression

Immune activation

Summary

Metal lipid hybrid nanoparticle (MLN) was developed for inducing
synergistic effect between genome editing and photothermal therapy

pC9sTgf@MLN(+) resulted in TGF-$ genome editing in tumor tissue,
thereby restructuring of tumor immune microenvironment

The tumor immune microenvironment became favorable environment
for anti-tumor immune response

The stablished anti-tumor immune response could also induce
systemic protection from tumor recurrence and metastasis




Acknowledgements G0%
A
Professor 72\

Yu-Kyoung Oh, Ph.D.

o
®

Lab members Collaborators NBD ) e,
Jaiwoo Lee, Ph.D. Gayong Shim, Ph.D. T e
Jungseok Kim, Ph.D. Quoc-Viet Le, Ph. D.

Junho Byun Hanseul Park, Ph. D.
Yina Wu Yong-Hyun Han, Ph. D.

Jinwon Park ‘s ll

e — B ' Soongsil University

@%&M(a%p&o@ Qiaoyun Li

:‘;tx]/\l:lo

v g irs s O . ‘.4 Jaehyun Choi dongguk {,

H :
yemin Ju "

Namjo Shin :(N U

KANGWON NATIONAL

Dong-Un Jin UNIVERSITY




Thank you for your attention !




