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Non-viral gene delivery, Gene therapy, RNA nanostructure
1) Substrate RNA nanostructure for gene therapy
2) IVT (in vitro transcripted) mRNA for gene and cell therapy
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Epithelial-Mesenchymal Transition in the Lungs.” Adv. Funct. Mater. 2022

2. Kim M, Jeong M, Hur S, Cho Y, Park J, Jung H, Seo Y, Woo HA, Nam KT, Lee K, Lee H. “Engineered
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4. Lee H. et al “Molecularly Self-assembled Nucleic Acid Nanoparticles for Targeted In Vivo siRNA Delivery”,
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Emerging lonizable Lipids: Innovations and Applications

in Geneand Cell Therapry

Hyukjin Lee*
School of Transdisciplinary Innovations, Seoul National University, hyukjin@snu.ac.kr

The mRNA-based vaccines and therapeutics have opened a new era of immunization and
disease treatment, with notable successes in combatting infectious diseases and even cancer.
However, optimizing the delivery of mRNA payloads to target cells and modulating the
immune response remains acritical challenge. In this study, we present our research on the
devel opment of immune modulating ionizable lipids and their incorporation into lipid
nanoparticles (LNPs) for enhancing the efficacy and safety of mRNA vaccines and
therapeutics. Our research focuses on designing and synthesizing anovel class of ionizable
lipids, characterized by their pH-responsive charge-switching properties. Combinatorial
synthesis of degradable ionizable lipids has been carried out using amine head groups with
different lipid tail structures. These lipids enable efficient encapsulation of mMRNA payloads,
provide superior stability, and facilitate endosomal escape, leading to improved delivery of
MRNA to the cytoplasm. Moreover, we have systematically tuned the physicochemical
properties of these lipids to optimize their immune-modulating effects, tailoring the balance
between pro-inflammatory and tolerogenic responses. To quantitatively assess the
performance of these ionizable lipids, we conducted a series of in vitro and in vivo
experiments using the lead mRNA/LNPs. Our results demonstrate that the incorporation of
these novel lipids into LNPs significantly enhances mRNA translation and elicits a balanced
immune response, characterized by increased antigen-specific T cell responses with pro-
inflammatory cytokines. In summary, our research presents a significant advancement in the

field of MRNA based vaccine and therapeutic development.
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CHA University, where he served as an AssistanfeBsor (2006-2010) and later as an
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Deogil Kim, Min-Ju Lee, Yoshie Arai, Jinsung Ahn,u® Woo Lee,Soo-Hong L ee*
“Ultrasound-triggered three-dimensional hyaluroa@d hydrogel promotes in vitro and in
vivo reprogramming into induced pluripotent stemisteBioactive Materials Volume 38
(2024)

Alvin Bacero Bello, Kevin Kent Vincent Canlas, Dédgim, Hansoo Park*SooHong L ee *
"Stepwise dual-release microparticles of BMP-4 &@F in induced pluripotent stem cell
spheroids enhance differentiation into hematopoiiem cells". Journal of Control Release.
Volume 371 (2024)
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“Physicochemical Properties in Three-Dimensional didgel Modulate Cellular
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(2021)

Yoshie Arai, Bogyu Choi, Byoung Ju Kim, Sunghyumk® &lyoeun Park, James J. Mo&op-
Hong Lee* “Cryptic ligand on collagen matrix unveiled by MNI® accelerates bone tissue
regeneration via MMP13/IntegrieB/RUNX2 feedback loop” Acta Biomaterialia, 15;12592
230, (2021)

Byung-Hyun Cha, Jin-Su Kim, Alvin Bello, Geun-Hueg&, Do-Hyun Kim, Byoung Ju Kim,
Yoshie Arai, Bogyu Choi, Hansoo Pafgo-Hong L ee* “Efficient isolation and enrichment
of mesenchymal stem cells from human embryonic stelis by utilizing the interaction
between integri5p1 and fibronectin” Advanced Science, 7(17): 200138%0)




Per sonalized extracellular vesicle and nanoparticle for

osteoarthritistreatment

Department of Biomedical Engineering, Dongguk Ursitg, Republic of Korea
So00-Hong Lee

soohong@dongguk.edu

| would like to introduce stem cell membrane-basadoparticles for personalized
osteoarthritis treatment. Traditional drug deliveygtems for OA treatments face limitations
due to rapid clearance within the joint and lowdoimpatibility. Moreover, the inflammation
associated with OA exacerbates tissue damage dagkdbe regenerative capacity of
therapeutics. In the first topic, to overcome theséations, an OA-specific drug delivery
system designated dCOL2-CM-Cur-PNPs is developesirhto target OA cartilage for anti-
inflammatory and cartilage regeneration purposag 3ystem is constructed using cell
membranes obtained from induced pluripotent stdirdeeived mesenchymal stem cells
(IMSC-CMs), poly(D,L-lactide-co-glycolide) (PLGA)amoparticles loaded with the well-
known anti-inflammatory and cartilage-regeneratuiggnt curcumin (Cur-PNPs), and
damaged type Il collagen (dCOL2)-targeting phosipits.
In the second topic, | will talk about extraceliwesicles(EVs) to promote cartilage
regeneration. For clinical application, scalabledurction of EVs is essential, and their
therapeutic efficacy is largely influenced by thiegerties of the parent cells. Therefore,
enhancing the functional characteristics of thes®gells is a critical challenge in EV-based
therapy. Three-dimensional (3D) spheroid cultuggehbeen proposed as an effective
strategy to enhance EV yield and chondrogenic miffgation by promoting cell—cell and
cell-extracellular matrix interactions. Neverthslesonventional 3D culture systems are often
limited by uneven nutrient distribution, leadingrtecrotic core formation and reduced
cellular homogeneity within the spheroids. To addriese limitations, we developed a novel
strategy using human mesenchymal stem cells (hM&&sbined with TGH1-coated
microparticles (T/MPs) to form uniform, cartilag&d 3D spheroids (3D-T/MP). In
conclusion, our study presents an improved 3D caifplatform that enhances the

homogeneity and regenerative capacity of EVs, emgleffficient production of therapeutic



EVs for OA treatment. These approaches provide @iampotential as a next-generation
platform for promoting cartilage regeneration thgbuDA-specific therapy.

Keywords. Stem cell membrane-based nanoparticles, Osteoarthritis-specific drug delivery,
Anti-inflammations, 3D spheroid, Extracellular vesicles(EVs), Cartilage regeneration.
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Volume 381, 113625.

[2] Byung-Hyun Cha, Jin-Su Kim, Alvin Bello, GeundHLee, Do-Hyun Kim, Byoung Ju
Kim, Yoshie Arai, Bogyu Choi, Hansoo Park, Soo-Hasg* (2020) Efficient isolation and
enrichment of mesenchymal stem cells from humamngoniic stem cells by utilizing the
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Lipid Nanoparticle Technology for RNA Delivery:

Toxicity-Minimizing Lipid Nanoparticles
Eun-Kyoung Bang, Ph.D.

Korea Institute of Science and Technology

The rapid advancements in mRNA vaccine technology, exemplified by the development of
COVID- 19 vaccines, have highlighted both the potential and challenges of lipid
nanoparticles (LNPs) as delivery platforms. While LNPs have proven effective in enabling
MRNA delivery, concerns regarding their toxicity and adverse immune responses persist,
necessitating innovative approaches to enhance their safety profile.

This presentation introduces novel lipid-based strategies for minimizing toxicity in LNP
platforms. First, we incorporated trehal ose glycolipids into LNP formulations, replacing a part
of ionizable lipids. These formulations significantly mitigated toxicities, including those
affecting the liver, spleen, and heart, while sustaining strong mRNA delivery efficacy and
immune efficiency. Second, we developed vitamin B5-derived ionizable lipids, which
demonstrated reduced toxicity while maintaining high mRNA encapsulation efficiency,
effective delivery to lymphoid tissues, and robust immune responses. By leveraging
biocompatible lipid designs, our research highlights the transformative potential of LNPs for
safer MRNA-based therapeutics. These advancements represent critical steps toward

devel oping toxicity-minimized LNP platforms for mRNA vaccines and other applications.
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Development of Potent Lipid Nanoparticles for

Target Specific mMRNA Delivery

Jiyeon Son (jiyeonson@gccorp.com)

LNP Research Team, Department of Research & Deretap GC Biopharma

Lipid nanopatrticles (LNPs) — a clinically approveidig delivery carrier of nucleic acid
therapeutics and vaccines — are composed of fauponents: 1) ionizable lipid, 2)
helper lipid, 3) cholesterol, and 4) PEGylateddipAmong them, the ionizable lipid
(e.g., MC3 (OnpattroTM), SM-102 (Spikevax TM), aAdC-0315 (ComirnatyTM))

plays a crucial role in complexation with nucle@daand its endosomal escape, directly

impacting the level of protein expression whenized for mRNA delivery.

To further advance the efficacy of mMRNA therapeytan extensive library of novel
ionizable lipids was constructed by rational desigimg combinatorial chemistry of
head, linker, and tail groups. The lead compounel®udentified through in-house
screening methods for the physicochemical propedid. NP and theim vitro andin
vivo MRNA delivery efficiency. The lead LNPs were coetpensively evaluated by
preclinical studies in rodent and non-human prinma¢elels by intravenous
administration, and the protein delivery efficierayd tolerability were found

comparable to those of benchmark LNPs.

To expand the therapeutic utility of lead ionizalgpéds, formulation composition
screening was conducted to further control thevdgji of LNPs to specific target
organs, tissues, and cell types. Specifically, lsbla LNPs were designed for
pulmonary delivery of mRNA via nebulization, ansl superiority to the published

benchmark LNPs was demonstrated.

Leveraging our findings, we strive to develop ngetieration LNPs with significantly

improved therapeutic utility.
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Development of mMRNA Structuresand Delivery Strategies for

M odulating | mmunogenic Responses
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M odulating the immunostimulatory properties of in vitro transcribed (1VT) mRNA is key to advancing
MRNA -based therapeutics and vaccines. Balancing immune activation and translational efficiency is
critical and varies by clinical goal. Vaccines require optimized translation and immune stimul ation for
efficacy, while mRNA therapeutics, like protein replacement therapies, focus on efficient protein
expression with minimal immune activation. The objectiveisto create tailored strategies that reduce
excessive immunostimul ation, addressing diverse clinical needs. We have devel oped strategies to
modul ate the immunogenicity of mMRNA-based therapeutics/vaccines. These involves the Additional
Chimeric Element-incorporated mRNA (ACE mRNA), which incorporates RNA/DNA chimeric
elementsinto unmodified IVT mRNA. This reduces type | interferon (IFN) responses and enhances
protein expression, providing anovel approach to regulate immune reactions while improving
tranglational efficiency. The second strategy is the Combined Hybrid Structure of SRNA-tailed IVT
MRNA (ChriST mRNA), a hybrid construct combining SSRNA and IVT mRNA functions. ChriST
MRNA enables simultaneous expression and suppression of target proteins, enhancing the
immunogenicity of W¥-modified IVT mRNA. Lastly, we developed adjuvant-enhanced lipid
nanoparticles (Pam3-incorporated LNPSs) to boost mMRNA-based cancer vaccine efficacy. These LNPs,
containing the adjuvant Pam3, improve tumor antigen expression and significantly amplify immune
activation, enhancing therapeutic outcomes. Collectively, these strategies advance mRNA technology to

address diverse clinical needs.
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