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ABSTRACT

Targeting Thrombosis with RNA Therapeutics

Bruce Sullenger
Duke University Medical Center

Thrombosis remains one of the major drivers of morbidity and mortality in theworld effecting
cardiovascular disease, stroke, cancer and infectious disease patients including those with
SARS-CoV-2. The main challenge with anti-thrombotic therapy continues to be striking the
balance between effective anti-coagulation without increasing a patient’s propensity to
experience life threatening hemorrhage. Clinical evaluation of our factor IXa RNA aptamer in
two thousand patients undergoing percutaneous coronary intervention has demonstrated
that aptamers can rapidly and potently inhibit their target proteins in patients and that
antidote molecules can rapidly and precisely control such activity in the minute time frame.
These observations suggest that aptamers represent useful molecules to tightly control
biochemical processes in humans in real time. To begin to explore this potential further, we
have started to evaluate the utility of antidote mediated control of aptamers for a variety of
other therapeutic and diagnostic applications. We will describe our recent progress developing
a rapidly controllable factor Xa anticoagulant aptamer to effectively yet reversibly control blood
coagulation during cardiopulmonary bypass surgeryand ECMO as well as a rapidly reversible
VWF aptamer for improving the treatment of thrombotic stroke. We have observed that
aptamers, which target exosites on coagulation factors, can complement active site inhibitors
to yield potent anticoagulant regiments (Gunaratne et al., 2018) that can support circulation
of blood through ECMO circuits. Moreover we have observed that an aptamer targeting the A1
domain of VWF can serveas a rapid onset and rapidly reversible antithrombotic agent. This
aptamer prevents platelet recruitment and can induce recanalization of occluded arteries while
a matched antidote oligonucleotide can rapidly reverse such anti-platelet activity and thereby
limit bleeding following vascular injury (Nimjee et al., 2019). Collectively these clinical and
preclinical studies leadus to believe that rapidly controllable aptamers represent valuable RNA
therapeutics that will provide physicians the ability to monitorand precisely control blood
coagulation in real time in response to individual patients’ needs.
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ABSTRACT

Therapeutic development using asymmetric siRNAs

0|71

St st

10
El

Small interfering RNAs (siRNAs) are rapidly emerging as the third generation therapeutics
development platform with the capability to target virtually any disease-causing genes present
in human genome. We have developed asymmetric siRNA (asiRNA) structures, wherein the
sense strands are shorter than conventional siRNAs, and demonstrated that the asiRNAs
show comparable target gene silencing activity with reduced non-specific effects. To make
asiRNA-based therapeutics, we have introduced various chemical modifications in sugar and
backbone structure of RNA, along with conjugation of delivery moieties such as lipids and
N-acetylglactosamine (GalNAc) to generate cp-asiRNA and GalNAc-asiRNA, respectively. In this
presentation, | will summarize our asiRNA platform for therapeutics development and the pre-
clinical and clinical data based on this highly efficient and versatile drug development platform.
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ABSTRACT

Polymer-based Gene and Cell Delivery for
Immunocancer Therapy

Gene and cell therapy have attracted a lot of attention because of their usability as a tool for
the treatment of various disease such as cancer, cardiovascular disease, and rheumatoid
arthritis. For maximizing the efficiency of gene and cell therapy, delivery vehicles which deliver
therapeutic cargo into specific cells with high efficiency should be elaborately designed and
formed. In this study, we desighed polymeric gene carrier consisting of polymer and drug,
and applied it to anti-cancer therapy. We prepared hypoxia-responsive mesoporous silica
nanocarrier for an enhanced immunocancer therapy assisted by photodynamic therapy.
Nanocarrier was designed as a hypoxia-responsive transforming carrier to improve the
intracellular uptake of nanocarriers and the delivery of adjuvants to DCs. Furthermore,
photodynamic therapy was exploited for the generation of immunogenic debris and recruitment
of DCs in a tumor site, followed by enhanced antigen presentation. Finally, a significant
inhibition of tumor growth was observed in vivo, signifying that the PDT would be a promising
solution for DC-based immunotherapy.

As a cell therapy strategy, we used tumor-homing ability of natural killer (NK) cells for the
delivery of drug-loaded polymeric micelle. NK cells are decorated with the immunologican
synapse environment-responsive micellar system to ensure the release of payload when they
attack cancer cells. Using this strategy, the immunological cytotoxic killing effect of NK cells
against solid tumors is reinforced with the site-specific diffusion of chemotherapeutic agents.
Harnessing the intrinsic mechanism for the recognition of abnormal cells and the tumor-
homing effect of NK cells limit the adverse systemic effects of chemotherapeutic drugs. The
overall design concept, physicochemical properties of polymeric micelles, in vitro behaviour
and in vivo tumor-targeting ability will be presented in this presentation.
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ABSTRACT

Regulating regulatory T cells in the tumor immune
microenvironment for enhancing efficacy of cancer
immunotherapy

ohd=E

AM[CHEt L oSt

=

Regulatory T (Treg) cells have an immunosuppressive function in cancer, but the underlying
mechanism of an preferential agccumulation and a strong immunosuppression in the tumor
microenvironment (TME) is unclear. To characterize tumor-infiltrating Tregs, we performed
bulk RNA sequencing (RNA-seq) and found that proliferation-related genes were upregulated
in tumor-infiltrating Tregs. Single-cell RNA sequencing and T-cell receptor sequencing also
revealed active proliferation of tumor infiltrating Tregs by clonal expansion. One of the
proliferation-associated genes, ST2, an interleukin-33 (IL33) receptor, was identified as a
potential factor driving Treg accumulation in the TME. Indeed, IL33-directed ST2 signaling
induced the preferential proliferation of tumor infiltrating Tregs and enhanced tumor
progression, whereas genetic deletion of ST2 in Tregs limited their TME accumulation and
delayed tumor growth. These data demonstrated the IL33/ST2 axis in Tregs as one of the
critical pathways for the preferential accumulation of Tregs in the TME and suggests that the
IL33/ST2 axis may be a potential therapeutic target for cancer immunotherapy.
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ABSTRACT

ASO Therapy for Rare Disease:
Patient-customized Oligonucleotide Therapy for
Rare Neurological Diseases

2z
KAIST 2J145{CH5¢2

Genome sequencing has been revolutionizing the diagnosis of rare diseases, but many of
these conditions lack specific treatments. We recently demonstrated how molecular diagnosis
of a child with an ultra-rare, fatal neurodegenerative condition led to rational design, testing,
and manufacture of milasen, a splice-modulating antisense oligonucleotide drug, tailored to
the patient. Proof-of-concept experiments in patient cell lines served as the basis for launching
an n-of-1 trial of milasen within one year of patient contact. There were no serious adverse
events and treatment was associated with seizure improvement. This study offers a template
for the rapid development of patient-customized treatments for rare neurological disorders in a
timely fashion. It is an example of individualized genomic medicine.
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Session 2. New Trends in Gene & Cell Therapy

ABSTRACT

Functional Assessment of BRCA1 variants using
CRISPR-based Base Editors

Mo oN

The bacteria-derived clustered regularly interspaced short palindromic repeat (CRISPR)-
Cas system (such as Cas9 and Cpfl) is a powerful tool for genome engineering, and its
programmability and simplicity have enabled various types of gene manipulation such as gene
disruption, transcriptional and epigenetic perturbation, and targeted base editing. We focus
on the development and clinical application of genome editing technology. Recently, we have
applied CRISPR-Cas9 system for functional analysis of BRCA1 variants. Genetic mutations in
BRCA1, crucial for the process of DNA repair and maintaining genomic integrity, are known
to confer highly elevated risk of breast and ovarian cancers. Clinical genetic testing identified
new BRCA1 variants, however, their functional assessment and identification of pathogenicity
are challenges for clinical management. Using CRISPR-Cas9 based Base Editor, we identified
several loss-of-function variants in BRCAL1 which are classified as variants of uncertain
significance (VUSSs).

27



2020

15t ANNUAL MEETING OF
KOREAN SOCIETY OF
GENE AND CELL THERAPY

Session 3

Cell Therapy




Session 3. Cell Therapy

Session 3
Cell Therapy

Moderator

28
el el le
JeEte e

CAR-NK 7 HAX|= A2 TO[ 22l 7|=71E

S AL El | BATBSIATY B4 OHHNTIIATA

Approach to Safety Evaluation of Cell and Gene Therapy Products

0| Z 0] | mCystm o|BicHst
Endogenous and Engineered NK Cell Therapy against Solid Cancer




15th ANNUAL MEETING OF

KOREAN SOCIETY OF GENE AND CELL THERAPY

General Information

Name dEt=
Affiliation e HESHT A
Office 042-860-4236
Phone 010-2220-8689
E-mail tdkim@kribb.re.kr
Educational Year Institute
Background 1998~2005 POSTECH Ae{mista} ik}
1996~1998 POSTECH B utatit MAt
1992~1996 St Etstinl RHSSHL StAL
Professional Year Affiliation & Position
Experience 2014-34%} SRS, Mot
2011~4Ky Wpst7 & Agttata st (UST), wa
2009~2011 Univ. of Washington, &-21tStAt
2008~2014 SRl EE T, UYAAH
2005~2008 POSTECH, BfAt 2 A1

List of Recent
Publications

32

1. A three-dimensional hyaluronic acid-based niche enhances the therapeutic
efficacy of human natural killer cell-based cancer immunotherapy.
Biomaterials (2020)

2. MicroRNA-150 controls differentiation of intraepithelial lymphocytes through
TGFb receptorll regulation. J Allergy Clin Immunol. (2018)

3. MicroRNA-150 modulates intracellular Ca 2+ levels in naive CD8+ T cells by
targeting TMEM20. Scientific Reports (2017)

4. miR-150-mediated Foxol regulation programs CD8+ T cell differentiation. Cell
Reports (2017)



Session 3. Cell Therapy

ABSTRACT

CAR-NK gene therapy and its 3D applications

Adoptive transfer of natural killer (NK) cells is becoming one of the most important parts of
cancer immunotherapy. However, recent accomplishments have focused on the improvement
of the targeting effects based on the engineering of chimeric antigen receptors (CARs) on
cell surfaces. Despite the large quantity of therapeutic cells required for clinical applications,
the technology for ex vivo expansion is not well developed. Herein, a three-dimensional (3D)
engineered hyaluronic acid-based niche for cell expansion (3D-ENHANCE) is introduced.
Compared with the conventional two-dimensional (2D) method, NK-92 cell lines and human
EGFR-specific (CAR)-NK cells cultured in 3D-ENHANCE yield favorable mRNA expressions,
elevated cytokine release, upregulated proliferative and tumor-lytic abilities, and result in
enhanced antitumor efficacy. Furthermore, controllable degradation rates can be realized
by tuning the formulation of 3D-ENHANCE so that it can be applied as an implantable cell
reservoir at surgical sites. In vivo results with the incompletely resected MDA-MB-231 model
confirm that the peri-operative implantation of 3D-ENHANCE prevents the relapse and
metastases after surgery. Overall, 3D-ENHANCE presents an effective cytokine-free niche for
ex vivo expansion and postsurgical treatment that enhances the low-therapeutic efficacy of
human NK cells.
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ABSTRACT

Approach to Safety Evaluation of Cell and Gene
Therapy Products

Cell and gene therapies hold the promise of bringing significant clinical benefits by directly
targeting the underlying cause of disease. The global cell and gene therapy market is one of
the fastest-growing segments in the regenerative medicine market and expected to grow at
a faster pace during the forecast period. Cell and gene therapies are providing patients with
treatments for many traditionally incurable diseases. The designh and conduct of preclinical
toxicity studies are thus important to inform regulatory decisions that help define the safe
administration of an investigational cell and gene therapy product in humans.

The intrinsic material composition and putative MOA of cell and gene therapy products
differ from small molecular drugs and macromolecular biologic drugs. Therefore, the
traditional, standardized approaches for preclinical toxicity testing, which were developed
for drug development, are often not appropriate for evaluating the safety of cell and
gene therapy products. Preclinical assessment of the safety of an investigational cell and
gene therapyproduct contributes to the definition of an acceptable risk-benefit ratio for a
proposed clinical trial. The safety assessment should be sufficiently comprehensive to permit
identification, characterization, and quantification of potential local and systemic toxicities,
their onset, the possibility for resolution of any toxicities, and the effect of product dose level on
toxicity findings. Therefore, preclinical safety considerations for cell and gene therapy products
include systemic toxicity, biodistribution, persistence and immunotoxicity in relevant animal
species, and are the critical elements need to be addressed prior to intended clinical trials. In
this review, we summarize cell and gene therapy products, discuss their preclinical experiences
and safety concerns, and also describes regulatory frameworks for developers to support
product development and IND application.
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Session 3. Cell Therapy

ABSTRACT

Endogenous and Engineered NK cell therapy against
Solid Cancer

o[30|

With the development of technologies that can transform immune cells into therapeutic
modalities, immunotherapy has remarkably changed the current paradigm of cancer treatment
in recent years. Natural killer (NK) cells are components of the innate immune system that act
as key regulators and exhibit a potent tumor cytolytic function. Unlike T cells, NK cells exhibit
tumor cytotoxicity by recognizing non-self, without deliberate immunization or activation.
Currently, researchers have developed various approaches to improve the number and anti-
tumor function of NK cells. These approaches include the use of cytokines and antibodies to
stimulate the efficacy of NK cell function, adoptive transfer of autologous or allogeneic ex-vivo
expanded NK cells, establishment of homogeneous NK cell lines using the NK cells of patients
with cancer or healthy donors, derivation of NK cells from induced pluripotent stem cells (iPSCs),
and modification of NK cells with cutting-edge genetic engineering technologies to generate
chimeric antigen receptor (CAR)-NK cells. Such NK cell-based immunotherapies are currently
reported as being promising anti-tumor strategies that have shown enhanced functional
specificity in several clinical trials investigating malignant tumors.Here, we discuss the recent
advances in NK cell-based cancer immunotherapies that have focused on providing improved
function through the use of the latest genetic engineering technologies.
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ABSTRACT

Practical considerations for adeno-associated virus
scalable production

Robert M. Kotin
University of Massachusetts Medical School

The supply of recombinant adeno-associated virus (rAAV) is not keeping up with the demand
due to increased academic research activity and more significantly, the large investment in
rAAV gene therapy by biopharma. Clinical gene therapy development consumes large quantities
of rAAV for research, rodent and large animal dose escalation and toxicological studies. Non-
clinical rAAV used for research and development or for academic research may be produced
and sold without regulatory agency oversight. Therefore, vector quality may vary widely between
different suppliers or even between different lots from the same supplier. The end-user expects
that the certificate of analysis (CoA) provided with the vector is accurate and reliable, however,
it is not uncommon that independent analytical assays do not support the CoA data. The
vector quality affects the experimental results which may not be attributable to the vector per
se. In addition, to produce clinical grade vector requires establishing and stringently adhering
to an appropriate Chemistry, Manufacturing, and Control (CMC) documents that are reviewed
by regulatory agencies, e.g., the Federal Drug Agency (FDA) in the US. Thus, rAAV production
using current Good Manufacturing Practices (cGMP) is thoroughly documented and the vector
extensively characterized. In order to meet vector demands for large dosage, large animal
studies, we developed an Sf9/baculovirus-based system that allows high manufacturing
capacity. This technology has been adopted by different biopharmaceutical companies and
demonstrated to produce safe vectors from different serotypes, now used in advanced clinical
trials and the first rAAV approved product.
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ABSTRACT

Potential Immune Cell Therapy for Chronic Pain
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Chronic pain is often induced by peripheral nerve damage which results from traumatic
injury, diabetes or chemotherapies for cancer treatment. In these peripheral neuropathic
conditions, nerve damage amplifies pain signals not only by sensitized neurons that respond
to non-painful stimulus but also by spontaneous ectopic firings from injured neurons. As these
conditions continue, acute pain from initial nerve damage transits into chronic pain, which
becomes frequently uncontrollable even with strong analgesic drugs currently available in
the clinic. Diversity and complexity of underlying cellular and molecular mechanisms behind
the amplification of pain signals in neuropathic pain and chronic painconditions make the
development of new analgesics and therapeutic interventions very difficult.

We investigated the response and functional consequences of Natural Killer (NK) cells, a
cytotoxic peripheral immune cells, in the context of peripheral nerve injury from the adult
mouse. Our study revealed cytotoxic NK cells as a novel cellular trigger for the specific
degeneration of damaged primary afferent axons. This discovery further provides new insight
into non-neuronal mechanisms of damaged axon clearance. We propose that NK cells can be a
therapeutic target for the treatment of peripheral neuropathies and chronic pain.
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ABSTRACT

Propagation of synucleinpathy in Parkinson’s
disease
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Parkinson disease (PD) is characterized by deposition of alpha-synuclein aggregates in
neuronal inclusion bodies, known as Lewy bodies and Lewy neurites. Several inherited forms of
PD have been linked to mutations in SNCA, the gene encoding alpha-synuclein. Furthermore,
common genetic variants of SNCA have been associated with sporadic forms of PD. Alpha-
synuclein aggregates appear at a few discrete regions of the brain and spread throughout the
brain in PD patients. This aggregate spreading is thought to be driven by cell-to-cell propagation
of alpha-synuclein. Intercellular propagation of alpha-synuclein aggregates is considered a
promising therapeutic target for slowing the disease progression. Collectively, these findings
suggest that alpha-synuclein is critically involved in the pathogenesis of PD and is a leading
therapeutic target. Recently, several trials for developing immune-based therapies are
underway at different stages, some in clinical trials and others in preclinical stages. In this talk,
I will review the ongoing efforts towards immunotherapies targeting alpha-synuclein. | will also
discuss the results from animal and cell studies, which provides insights into the mechanism
of action for the alpha-synuclein-targeted immunotherapies. Finally, Potential targets for PD
immunotherapies other than alpha-synuclein will be discussed.
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Education Session. CMC for Cell & Gene Therapy

ABSTRACT

Considerations for investigational advanced
biopharmaceutical products

Advanced biopharmaceutical products are getting growing attention as they have shown to
have the potential to treat and to cure serious disease rather than just treating the symptoms.
However, it has been challenges for regulatory agencies and drug developers due to lack of
detailed regulatory guidelines and rapidly evolving technologies in this field. Here, the current
regulatory framework will be summarized and considerations on quality, non-clinical and
clinical requirements for investigational advanced biopharmaceutical products, especially gene
therapy products.
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ABSTRACT

Detection Sensitivity in Biodistribution and
RCL Assay of Gene Therapy Products
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Gene therapy is being marketed beyond the R&D stage. For applying gene therapy as new
drugs to patients, safety issues should be cleared. Unlike other pharmaceuticals, there are
additional safety items for gene therapy, such as biodistribution and replication-competent
virus assay. In such validation issues, the sensitivity of quantitative PCR and sample size are
crucial. In this presentation, | will introduce practical information to achieve the sensitivity and
proper sample size for safety validation that meets criteria in quantitative PCR guideline.
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Oncolytic viruses (0OVs) are powerful novel immunotherapeutic agents in cancer therapy. OVs are
spontaneously occurring or genetically modified viruses that selectively infect and lyse tumor cells,
not harming normal cells. The viral infection will activate virus-directed immune responses, and
may trigger immune responses directed against tumor cells and tumor antigens. The effectiveness
of OVs has been demonstrated in many preclinical and clinical trials. Oncolytic herpes simplex
viruses (0OHSVs) are the most widely studied OVs for the treatment of solid tumors and accounts
for nearly a quarter of all ongoing clinical trials using OVs. Amgen’s herpesvirus talimogene
laherparepvec (T-VEC) is the first and only FDA-approved OVs for the treatment of metastatic
melanoma. T-VEC was designed to kill tumor cells and stimulate the tumor-antigen-specific adaptive
immune response. Deletions in the ICP34.5 gene confers tumor-selective replication and markedly
reduces neurovirulence. Insertion of the granulocyte-macrophage colony-stimulation factor (GM-
CSF) promotes the activation of dendritic cells (DCs) at sites of inflammation and enhances antigen
presenting cell function. After the success of T-VEC, oncolytic virotherapy is a strategically attractive
class of immunotherapeutics that is sure to rapidly expand in clinical trials treating a broad array of
malignancies as both monotherapy and in combinations with checkpoint inhibitors.

HSV-1 is an enveloped, double-stranded linear DNA virus that has been investigated as an
oncolytic virus. The viral particle is an icosahedral capsid containing the viral DNA with a genome
of 152 kb encoding at least 84 genes products. HSV possesses the following advantages as an
oncolytic virus: i) HSV replicate quickly in cells and has capability to infiltrate multiple types of
cancer cells; ii) HSV contains many non-essential genes that can be easily engineered and be
inserted with multiple transgenes; iii) HSV retain sensitivity to anti-herpes drugs, such as acyclovir
and ganciclovir, providing an additional safety feature; iv) Modifying the glycoprotein of HSV can
improve the targeting of tumor cells. In addition, HSV has proven ideal for targeting cancers of
neural origin, such as glioma, due to its intrinsic neurotropism. To enhance antitumor responses
of oHSVs, modification of several viral envelope glycoproteins to allow only tumor-specific virus
infection. Another strategy is to generate insert immunomodulatory genes, including IL-2, IL-12, IL-
15, IL-18, tumor necrosis factor alpha (TNF-o), CD80, and GM-CSF like T-VEC, into oHSVs. These
immunomodulatory genes have many functions to activate, proliferate, differentiate, and maturate
innate and acquired immune cells important for antitumor responses.

In this talk, | will discuss important biological features of HSV that make it an attractive OV and
potential strategies to increase applicability to cancer treatment. In the last section, | will briefly
introduce GenCellMed’s double-targeted oncolytic virus.
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Oncospreading Dual-RRV System for Cancer Gene
Therapy
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Replicating Retroviral vectors (RRVs) has become a good choice for gene transfer due to their
tumor-selective gene delivery and self-replication. The increase of clinical trials on viral vector-
mediated gene therapy is stimulating development for RRVs in gene transfer. Therefore, to
enhance the therapeutic effect higher than single RRVs vectors in solid tumors, we developed
dual-RRV vectors expressing two therapeutic genes.(sRRVgp-yCD and spRRVe-TK) Also, we
developed the human-codon optimized opt-yCD that shows more enhanced prodrug sensitive
and genome stability than the original yCD, introduced into spRRV vectors. The established
dual-RRV vectors showed superior genome stability during replication and efficient cell death
after prodrug administration in vitro and in vivo glioblastoma model. Next, we were willing to
establish the virus producer cells (VPC) that can produce high titers of the dual RRVs and to
manufacture master cell banks (MCBs) for clinical use. Each of the dual RRVs (sRRVgp-yCD
& spRRVe-TK) was separately transduced into retrovirus packaging cell line PG13. And then,
PG13/env-HSV1-TK and PG13/gagpol-yCD VPCs were selected clonally and amplified for
the screening of VPCs producing high titer retroviral vector particles. Currently, MCBs of the
validated PG13/env-HSV1-TK and PG13/gagpol-yCD VPCs are under manufacturing in the GMP
facility.
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ABSTRACT

Myeloid modulation in replication controllable
oncolytic vaccinia virus therapy

Viral replication of thymidine kinase deleted (tk-) vaccinia virus (VV) is attenuated in resting
normal cells, enabling cancer selectivity, however, replication potency of VV-tk- appears to
be diminished in cancer cells. Previously, we found that wild-type herpes simplex virus (HSV)-
tk (HSV-tk) disappeared in most of the recombinant VV after multiple screenings, and only a
few recombinant VV containing naturally mutated HSV-tk remained stable. In this study, VV-
tk of western reserve (WR) VV was replaced by A167Y mutated HSV-tk (HSV-tk418m), to alter
nucleoside selectivity from broad spectrum to purine exclusive selectivity. WOTS-418 remained
stable after numerous passages. WOTS-418 replication was significantly attenuated in normal
cells, but cytotoxicity was almost similar to that of wild type WR VV in cancer cells. WOTS-418
showed no lethality following a 5 x 108 PFU intranasal injection, contrasting WR VV, which
showed 100% lethality at 1 x 105 PFU. Additionally, ganciclovir (GCV) but not BvdU inhibited
WOTS-418 replication, confirming specificity to purine nucleoside analogs. The potency
of WOTS-418 replication inhibition by GCV was > 10-fold higher than that of our previous
truncated HSV-tk recombinant OTS-412. Overall, WOTS-418 demonstrated robust oncolytic
efficacy and pharmacological safety which may delegate it as a candidate for future clinical use
in OV therapy.
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Anti-tumor effects of canine immune cell-derived
exosomes in a mouse mammary tumor model

Jienny Lee, Se-A Lee, Na-Yeon Gu, So Yeon Jeong, Yoon-Hee Lee, Bang-Hun Hyun

Viral Disease Research Division, Animal and Plant Quarantine Agency, 177, Hyeoksin 8-ro,
Gimcheon-si, Gyeongsangbuk-do, 39660 Republic of Korea

Natural killer (NK) cells are key immune cells against infection and malignant transformation.
Exosomes have been the focus of extensive interest, as they appear to be involved in numerous
crucial cellular processes. Canine mammary tumors are most common neoplastic diseases of fe-
male dogs, and more than 50% are malignant. In this study, we examined the anti-tumor effects
of the canine NK cell-derived exosomes (NK-exosomes) in an experimental murine mammary
tumor model using the canine mammary carcinoma cells, REM134. The NK-exosomes were in-
jected at the tumor site and tail vein of the REM134 xenografted mice group. We found that the
tumor size of the NK-exosomes-treated tumor group decreased compared to those of the only tu-
mor group in the REM134-driven tumorigenic model. Also, the NK-exosomes-treated tumor group
showed meaningfully reduced expression levels of the Bmi-1, MMP-3, IL-6, TNF-&, Bax, and Bcl-xL
compared to those in the tumor group. We also confirmed that the expression level of the CD133,
potent cancer stem cell (CSC) markers, decreased in the NK-exosomes-treated tumor group com-
pared to the tumor group. This study suggests that the NK-exosomes exhibited anti-tumor effects
through the downregulating CSC-related markers in the canine mammary tumor murine model.
Further study is needed in the future, and we are conducting research on the detailed anti-tumor
mechanism of the NK-exosomes.
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In this study, we will introduce our efforts to develop novel specific and effective gene therapy for
human malignant diseases, which is based on the system capable of inhibiting cancer growth
through cancer-specific suppression of TERT expression. To this end, we developed CRISPRi sys-
tem that can specifically and efficiently suppress TERT expression in cancer cells only, through ge-
nomic targeting and epigenetic editing of highly activated TERT promoter somatic mutation that
is one of the most frequent genetic alterations in malignant diseases including hepatocellular
carcinoma, melanoma, glioblastoma, and etc. We constructed an adenoviral vector encoding the
CRISPRI system, observed anticancer efficacy, specificity, hepatotoxicity, and safety of the vector,
and studied the anticancer mechanism of the vector. These proof-of-concept studies established
the feasibility of CRISPRi mediated epigenetic control as a therapeutic tool for highly activated
TERT promoter somatic mutation as a cancer-specific therapeutic target.
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Despite being a multifactorial condition, therapeutic interventions for diabetic retinopathy (DR)
consist of laser photocoagulation or anti-VEGF drugs, treatment strategies that may not ful-
ly address the condition’s complex pathophysiology, among other limitations inherent to the
treatments themselves. However, a gene therapy focusing on a therapeutic target with broader
effects, such as the mechanistic target of rapamycin (mTOR), may be a potential solution to over-
come these concerns. Having previously demonstrated the suitability of a mTOR-inhibiting sShRNA
packaged in a recombinant adeno-associated virus to treat angiogenic retinal disorders, here we
explore the effects of rAAV2-shmTOR-SD in a streptozotocin-induced diabetic mouse model. De-
livered via intravitreal injection, the therapeutic virus vector was shown to effectively transduce
mouse retinas and therein downregulate mTOR expression, which was elevated in sham-treated
and control shRNA-injected (rAAV2-shCon-SD) control groups. mTOR inhibition lead to marked
reductions in pericyte loss, vascular permeability, and cell layer thinning in the retina, three pro-
cesses involved in DR progression. Immunohistochemistry showed that rAAV2-shmTOR-SD limited
retinal angiogenesis and reduced pathogenic Muller cell activation and proliferation, thereby ad-
dressing DR-related activities linked to vision loss, while also having anti-apoptotic effects. Taken
together, these results demonstrate the promise of rAAV2-shmTOR-SD as a potential gene thera-
peutic for DR.

Co-first authors: Steven Hyun Seung Lee, Joo Yong Lee
Co-corresponding authors: Keerang Park, Heuiran Lee
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Viral vector-based diagnosis of circulating tumor cells
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T Laboratory of Pharmacogenetics, Department of Biomedical and Pharmaceutical Sciences, Graduate
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Cancer metastasis is the spread of cancer cells to distal organs or tissue, and is actively re-
searched to understand and treat more advanced stages of cancer. Circulating tumor cells (CTCs)
is @ main factor that mediates cancer metastasis. They circulate in the blood making it suitable
for liquid biopsy unlike tissue biopsy that is invasive and highly demanding for patients. In addi-
tion, it is more efficient to detect the comprehensive gene expression of tumor.

Epithelial cell adhesion molecule (EpCAM), which is well known to be highly expressed in epithe-
lial cancer cells, is the current biomarker to detect CTCs, However, EpCAM expression is reduced
in some CTCs that undergo epithelial-mesenchymal transition (EMT) before disseminating from
primary tumor cells leading to false negative results. This is the main cause of false negative di-
agnosis in the previous CTC detection trials. Here, we present a novel method using adenovirus
for detecting all types of CTCs. This technology uses a chimeric adenovirus 3/5 that has a cancer
specific hTERT promoter with a green fluorescence protein (GFP) for easy detection in blood samples.
In this report, we verified the adenovirus 3/5 virus infection efficacy and cancer specificity. Since
chimeric adenovirus 3/5 binds specifically to desmoglein-2 (DSG2) and CD486, it was shown that
the expression of these receptors in each cell line were highly correlated with the infection rate
of virus. The correlation between infection rate and mRNA/protein expression level was highest
in DSG2 . The same method was also applied to detection of CTCs in patient’s blood of prostate
cancer and renal cell carcinoma. The number of CTCs was significantly decreased after prostatec-
tomy and the number is correlated with the tumor stage of renal cell carcinoma.

Taken together, our novel method can be used for the prognosis and point of care for cancer pa-
tients.
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Alteration of gammaretroviral vector integration
patterns by insertion of histone and leucine zipper
into integrase

Yeji Yang™?, Ji-eun Lee™?, Hye-young Jeong", Jiyeon Shim*, Min-jeong Baek®, Minjeong Son*,
Yeon-ju Kim*, Hohsuk Noh®, Kwang-il Lim™®

" Department of Chemical and Biological Engineering, Sookmyung Women's University, Seoul, Korea

2 Division of Analytical Science Research, Research Center for Bioconvergence Analysis, Korea Basic
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® Health and Environment Research Institute of Gwangju, Gwangju, Korea

* Bioinformatics Analysis Team, Research Institute, National Cancer Center, Goyang, Korea

® Department of Statistics, Sookmyung Women's University, Seoul, Korea
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Retroviral vectors show long-term gene expression in gene therapy through the integration of
transgenes into the human cell genome. Murine leukemia virus (MLV), a well-studied gammaret-
rovirus, has been often used as a representative retroviral vector. However, frequent integrations
of MLV-based vectors into transcriptional start sites (TSSs) could lead to the activation of onco-
genes by enhancer effects of the genetic components within the vectors. Therefore, the MLV inte-
gration preference for TSSs limits its wider use in clinical applications. To reduce the integration
preference of MLVbased vectors, we attempted to perturb the structure of the viral integrase that
plays a key role in determining integration sites. For this goal, we inserted histones and leucine
zippers, having DNA-binding property, into internal sites of MLV integrase. This integrase engi-
neering yielded multiple mutant vectors that showed significantly different integration patterns
compared with that of wildtype vector. Some mutant vectors did not prefer the key regulatory ge-
nomic domains of human cells, TSSs. Moreover, a couple of engineered vectors did not integrate
into the genomic sites near the TSSs of oncogenes. Overall, this study suggests that structural
perturbation of integrase is a simple way to develop safer MLV-based retroviral vectors for use in
clinical applications.
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Zika virus (ZIKV) infection is associated with microcephaly in newborn during pregnancy and Guil-
lain-Barre syndrome in adults. However, the anti-ZIKV therapeutic agent has not been developed.
ZIKV is a member of the Flavivirus genus and Flaviviridae family. The RNA genome of ZIKV con-
tains a 5’ Cap 1 structure. This is formed by a methyltransferase (MTase) located at the N-termi-
nal of nonstructural protein 5 (NS5) that methylates 5’ end of 5’-untranslated region (UTR) of the
viral RNA. The capping of the viral RNA 5-UTR is essential for replication and escaping the host
innate immune response. The ZIKV methylation occurs in cytoplasm, but human methylation in
nucleus. Due to the different intracellular localization for viral RNA methylation process from host
MRNA methylation process, ZKIV needs its own MTase. Therefore, targeting the MTase for therapy
of disease caused ZIKV might be a proper therapeutic strategy. We identified the 2’-fluoro-modified
RNA aptamer capable of specifically binding to the MTase of ZIKV using systematic evolution of
ligands by exponential enrichment (SELEX). We verified that this RNA aptamer specifically binds
to MTase with K, ~ 9 nM but not to other proteins, and inhibits its N-7 methylation activity of the
viral MTase. In addition, we confirmed that aptamer efficiently interfered the binding of 5-UTR vi-
ral RNA and MTase. We anticipate that the ZIKV MTase-specific RNA aptamer can block viral repli-
cation and induce the host innate immune response, and it could be useful for anti-ZIKV agents.
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Sequence-specific prediction of the efficiencies of
adenine and cytosine base editors
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Base editors, including adenine base editors (ABEs), and cytosine base editors (CBEs), 5, are
widely used to induce point mutations. However, determining whether a specific nucleotide in its
genomic context can be edited requires time-consuming experiments. Furthermore, when the
editable window contains multiple target nucleotides, various genotypic products can be gen-
erated. To develop computational tools to predict base-editing efficiency and outcome product
frequencies, we first evaluated the efficiencies of an ABE and a CBE and the outcome product
frequencies at 13,504 and 14,157 target sequences, respectively, in human cells. We found that
there were only modest asymmetric correlations between the activities of the base editors and
Cas9 at the same targets. Using deep-learning-based computational modeling, we built tools to
predict the efficiencies and outcome frequencies of ABE- and CBE-directed editing at any target
sequence, with Pearson correlations ranging from 0.50 to 0.95. These tools and results will facili-
tate modeling and

therapeutic correction of genetic diseases by base editing.

Reference : Nat Biotechnol, 2020 Sep;38(9):1037-1043
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Adenovirus VA RNA
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Recombinant adenovirus has been used as the gene delivery tool over the past several decades.
We also used adenoviral vector to express tumor suppressive primary miRNA (pri-miRNA) in cells
for cancer gene therapy. However, here we found that adenovirus-mediated pri-miRNA expres-
sion impaired miRNA maturation. Previous studies demonstrated that adenoviruses express two
non-coding virus-associated (VA) RNA, VA | and VA Il RNA. Besides, VA | and VA Il RNA are pro-
cessed into viral small RNAs, called the mivaRNA | and mivaRNA I, respectively. These mivaRNAs
can be incorporated into RISC and thus act similarly to miRNAs. In this study, we observed adeno-
virus VA RNAs are the main factors to influence the processing of pri-miRNA when delivered using
adenovirus. Then, pri-miRNA processing was specifically blocked by VA expression and recovered
by anti-3’VA expression. In addition, VA RNAs were transcribed into VAI-II full length RNA, which
binds to Drosha protein. These results indicated that expression of adenovirus VA RNAs should
be suppressed when using adenovirus to successfully deliver and express pri-miRNA or shRNA.
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Long-term storage and stemness of animal
mesenchymal stem cells

Jienny Lee, So Yeon Jeong, Na-Yeon Gu, Se-A Lee, Yoon-Hee Lee, Bang-Hun Hyun
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Mesenchymal stem cells (MSCs) exhibit long-lasting self-renewing capacity and a multi-lineage
differentiation potential. They contribute to the replacement of lost, damaged, or dysfunction-
al cells in mesenchymal tissues and therefore play a central role in cellular homeostasis and
regeneration. Cells might be damaged by environmental changes during the freezing process.
There are various factors that influence the function of cells cultured after cryopreservation and
thawing. In this study, we investigated the effects of long-term storage (7 years in liquid nitrogen
phase) on the characteristics of equine adipose tissues-derived MSCs (eAD-MSCs). We examined
the cell viability of cryopreserved eAD-MSCs (10% DMSO, 40% FBS, 50% culture medium) in lig-
uid nitrogen phase for 7 years. We also investigated the cellular morphology, proliferating capac-
ities, expression of cell surface markers such as CD13, CD34, CD44, CD45, CD90, and CD105,
mesodermal differentiation potentials, and expression of senescence-related markers of p53,
p21, and telomerase reverse transcriptase in eAD-MSCs after cryopreservation. The eAD-MSCs
were analyzed immediately and after being frozen in liquid nitrogen for 1 year (< 1 year, A) and
more than 7 years (> 7 years, B), respectively. After cryopreservation for 7 years, B eAD-MSCs
were similar their cellular morphology, proliferating capacities, and expression of cell surface
markers compared with A eAD-MSCs. Also, cryopreservation did not affect the adipogenic, chon-
drogenic, or osteogenic differentiation potentials of A and B eAD-MSCs. In this study, cryopreser-
vation for (or over) 7 years maintain the stem cell phenotype and differentiation potentials of eAD-
MSCs. These results will be an advantage that can be effectively used for future development of
cell-based therapies.
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Mesenchymal stem cells (MSCs) are a heterogeneous population of cells with varying magni-
tudes of differentiation potential among single clone of MSCs. CD271 has been identified as
a marker of the most homogeneous MSCs subset. In this study, we separated CD271 positive
(CD271-P) or negative cells (CD271-N) from canine adipose tissue-derived MSCs (cCAD-MSCs) us-
ing immunomagnetic selection method. CD271-P and CD271-N cells from cAD-MSCs exhibited
abilities to attach to culture plate and expand in vitro. CD271-P cells had spindle-shaped mor-
phology, but CD271-N cells had spindle and round shape morphology. CD271-P and CD271-N
cells displayed similar immunophenotypic markers (CD34, CD44, CD45, and CD90). However,
CD271-P and CD271-N cells exhibited difference in differentiation potential. Two types of cells ex-
hibited chondrogenic differentiation potential. Specifically, CD271-P cells have a greater capacity
for chondrogenic differentiation potential compared to CD271-N cells at 5 passage. Many studies
have been reported that stem cells can differentiate into various cells by electrical stimulation (ES).
ES was applied to CD271-P cells and gene expression of chondrogenic markers such as type |l
collagen (COL2A1), Aggrecan, and HSP70 was analyzed at 3 days. As a result, electrical stimu-
lated CD271-P cells have a greater capacity for chondrogenic differentiation potential compared
to those of control in absence of exogenous differentiation condition. This study might contribute
to the differentiation of MSCs into cartilage cells by inducing pre-chondrogenic condition under
specific ES.
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Anti-tumor effects of canine immune cell-derived
exosomes in a mouse mammary tumor model

Jienny Lee, Se-A Lee, Na-Yeon Gu, So Yeon Jeong, Yoon-Hee Lee, Bang-Hun Hyun

Viral Disease Research Division, Animal and Plant Quarantine Agency, 177, Hyeoksin 8-ro,
Gimcheon-si, Gyeongsangbuk-do, 39660 Republic of Korea

Natural killer (NK) cells are key immune cells against infection and malignant transformation.
Exosomes have been the focus of extensive interest, as they appear to be involved in numerous
crucial cellular processes. Canine mammary tumors are most common neoplastic diseases of fe-
male dogs, and more than 50% are malignant. In this study, we examined the anti-tumor effects
of the canine NK cell-derived exosomes (NK-exosomes) in an experimental murine mammary
tumor model using the canine mammary carcinoma cells, REM134. The NK-exosomes were in-
jected at the tumor site and tail vein of the REM134 xenografted mice group. We found that the
tumor size of the NK-exosomes-treated tumor group decreased compared to those of the only tu-
mor group in the REM134-driven tumorigenic model. Also, the NK-exosomes-treated tumor group
showed meaningfully reduced expression levels of the Bmi-1, MMP-3, IL-6, TNF-&, Bax, and Bcl-xL
compared to those in the tumor group. We also confirmed that the expression level of the CD133,
potent cancer stem cell (CSC) markers, decreased in the NK-exosomes-treated tumor group com-
pared to the tumor group. This study suggests that the NK-exosomes exhibited anti-tumor effects
through the downregulating CSC-related markers in the canine mammary tumor murine model.
Further study is needed in the future, and we are conducting research on the detailed anti-tumor
mechanism of the NK-exosomes.
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Jienny Lee, Na-Yeon Gu, Se-A Lee, So Yeon Jeong, Yoon-Hee Lee, Bang-Hun Hyun

Viral Disease Research Division, Animal and Plant Quarantine Agency, 177, Hyeoksin 8-ro,
Gimcheon-si, Gyeongsangbuk-do, 39660 Republic of Korea

Exosomes are membrane-bound extracellular vesicles (EVs) that are produced in the endoso-
mal compartment of most eukaryotic cells. Exosome production and content may be influenced
by molecular signals received by the cell of origin. Recently, accumulating evidence suggests
that cell-secreted exosomes as a novel cell-free therapy might constitute a compelling alterna-
tive because of their advantages over the corresponding cells. In this study, we tried to isolate,
characterize and test for safety of exosomes from canine mesenchymal stem cells (MSCs) and
natural killer (NK) cells. Firstly, isolation of exosomes was done in accordance to ultracentrifuga-
tion (UC) method. Also, electron microscopy confirmed that particles from UC possess a circular
morphology with an intact membrane based on negative staining and are consistent in size using
nanoparticle tracking analysis. Two type of cell-derived exosomes are a fraction that are less than
200 nm in size, express exosome markers (CD63, CD81, Alix, HSP70, and TSG101). Specifically,
NK cell-derived exosomes expressed activated NK cell markers such as perforin and granzyme
B. Next, we conducted to test for safety on MSCs and NK cell-derived exosomes. As results, we
observed that positive controls were detected in blood agar plates and Luria-Bertani broth con-
firming microbial contamination, but not in MSCs and NK cell-derived exosomes. In addition, we
confirmed that limulus amebocyte lysate test as an endotoxin test and mycoplasma test were not
detected in the both exosomes. Collectively, microbial contaminations were not detected in MSCs
and NK cell-derived exosomes, and is thought to be useful for basic and therapeutic research ap-
plications.
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Development of in vitro neutralization assay based
on the SARS-CoV-2-spike pseudotyped virus

Min-Ho Lee, and Hyo-young Chung

New drug development center, Osong Medical Innovation Foundation, Cheonju-si, Chungbuk,
Republic of Korea

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) emerged in Wuhan, China, at the
end of 2019, and its rapid national and international spread pose a global health emergency.
With the development of the COVID-19 epidemic, there is an urgent need to establish a system
for determining the effectiveness of vaccine and therapeutics in biosafety level 2 (BSL-2) facili-
ties. Here, we developed a pseudotyped virus-based neutralization assay against SARS-CoV-2 in
biosafety level 2 facilities. We generated a Nanoluciferase-CopGFP dual-expressing pseudovirus
containing the wild-type or mutant Spike protein (D614G) of SARS-CoV-2 in the envelope-defective
HIV-1 backbone. To increase susceptibility to our pseudotyped virus model, we established a cell
line, HEK293T-ACE2, that stably expressed SARS-CoV-2 receptor, ACE-2. Both wild-type and mu-
tant Spike protein (D614G) of SARS-CoV-2 pseudovirus was effectively transduced in HEK293T-
ACE2 cells compared to AENV virus. Furthermore, the SARS-CoV-2 spike pseudotyped virus was
neutralized by commercially available ACE-2 antibody or SARS-CoV-2 spike RBD monoclonal anti-
body. Thus, we developed a pseudovirus-based neutralization assay for SARS-CoV-2, which will be
valuable for evaluating viral entry inhibitors and neutralizing antibodies against SARS-CoV-2.

Keyword: SARS-Cov-2, pseudovirus, HEK293T-ACE2, Neutralizing assay
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Mouse Melanoma.

Geon Yoo', Sang-Jin Park®, Youn Jae Jung?, Ji Suk Choi?, Yong Woo Cho*?, Kyoung-Sik Moon*

1. Korea Institute of Toxicology, Daejeon 34114, Republic of Korea
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Human adipose derived stem cells (hASC) and their secretory factors are known to hold broad
therapeutic promise. Recent advances in biotechnology has brought expansion of research field
such as secretory machinery of extracellular vesicles (EVs). EVs are facilitators of cell to cell
communications released by virtually all kinds of cells. They are known to execute their functions
through diverse array of cargos such as protein polymers, nucleic acids and lipids. Here, we eval-
uated highly defined EVs originated from hASC for their potential application in skin lightening. In
order to assess lightening of cellular pigmentations by EVs, we quantified melanin levels within
mouse melanoma (B16-F10) cells (“intracellular melanins”) and melanin levels outside mouse
melanoma cells (“extracellular melanins”) , three days after the treatment using ELISA reader. For
the negative control and positive control of experimental set, equivalent volumes of PBS or 500
UM Arbutin were used, respectively. Among three concentrations of the EVs tested, 30 and 50
pg/mL treatment significantly lowered the intracellular melanin levels, while all three concentra-
tions (10, 30, and 50 pg/mL) resulted in significant decline in extracellular melanin levels. All of
the results indicated dose-dependent action of hASC derived EVs. Two batches of EVs with differ-
ent manufactured dates resulted in similar outcome. Further work may be necessary to identify
crucial cargo within hASC derived EVs that undertake this skin whitening phenomenon.

Keyword: extracellular vesicle, adipose derived stem cell, melanin, melanogenesis, efficacy
*Correspondence to: ksmoon@kitox.re.kr.
Funding Source: This research was supported by a grant (19172MFDS165) from the Ministry of

Food and Drug Safety in 2020.
Disclosure Statement: The authors have no conflicts of interest to declare.
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Screening of APOBEC3G inhibitors for retroviral
replicating vector-mediated gene therapy.

Jihee Kim*, Yeon-Ju Jung®, Yeeun Lee?, Soojin Kim* and Yeon-Soo Kim*

T Graduate School of New Drug Discovery & Development, Chungnam National University,
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Gene therapy mediated by retroviral replicating vectors(RRVs) has been proven to be a highly
promising strategy to treat a variety of cancer models through its tumor-selective transduction
and non-cytolytic property. However, host innate immunity against retrovirus is an obstacle to
successful RRV-based gene therapy. APOBEC3G(apolipoprotein B mRNA editing enzyme, cata-
lytic polypeptide-like 3G; A3G) is an anti-retroviral host factor, which provides the innate immune
response to retroviral infection through cytidine deaminase activity. APOBEC3G can bind sin-
gle-stranded RNA and induce C to U deamination, results in antiviral effect through G-to-A hyper-
mutation at proviral DNA. Unlike lentivirus, which has evolved the vif gene to prevent A3G activity,
the retrovirus is susceptible to A3G-mediated immunity.

In this study, we tested several derivatives of A3G inhibitor derived from ChEMBL database. Sta-
ble A3G expressing cell line was previously established by transducing U-87 MG cells with a lenti-
viral vector encoding A3G gene. U-87 MG-A3G cells were infected by dual-RRV vectors (spRRVeG-
FP/sRRVgpDsRed) in the absence or presence of A3G inhibitor compounds. GFP expression was
monitored by fluorescence microscopy and flow cytometry after transduction with spRRVeGFP/
sRRVgpDsRed retroviral particles at 0.2 MOI.

The GFP expression levels of U-87 MG-A3G cells were significantly low as compared with the U-87
MG control cells. Flow cytometry data showed that several A3G inhibitor compounds increased
the spreading of spRRVeGFP/sRRVgpDsRed retroviral vectors. These results suggest that APO-
BEC3G inhibition can provide an improvement in the therapeutic efficacy of RRV-based gene ther-

apy.
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The emergence of T-cell engineering with chimeric antigen receptors (CARs) has led to attractive
therapeutics; however, autologous CAR-T cells are associated with poor clinical outcomes in solid
tumors because of low safety and efficacy. Therefore, the aim of our study was to develop a CAR
therapy with enhanced cytotoxicity against solid cancer using allogeneic NK cells. In this study,
we engineered “off-the-shelf” NK cells to redirect them towards pancreatic ductal adenocarci-
noma (PDAC) by improving their target-specific cytotoxic potential. By integrated bioinformatic
and clinicopathological analyses, folate receptor alpha (FRa) and death receptor 4 (DR4) were
significantly highly expressed in patient-derived tumor cells. The combined expression of FRax and
DR4/5 was associated with inferior clinical outcomes, therefore indicating their use as potential
targets for biomolecular treatment. Thus, FRa and DR4 expression pattern can be a strong prog-
nostic factor as promising therapeutic targets for the treatment of PDAC. For effective PDAC treat-
ment, allogeneic CAR-NK cells were reprogrammed to carry an apoptosis-inducing ligand and to
redirect them towards FRa and initiate DR4/5-mediated cancer-selective cell death in FRa- and
DR4/5-positive tumors. As a result, the redirected cytotoxic ligand-loaded NK cells led to a sig-
nificantly enhanced tumor-selective apoptosis. Accordingly, use of allogeneic CAR-NK cells that
respond to FRx and DR4/5 double-positive cancers might improve clinical outcomes based on
personal genome profiles. Thus, therapeutic modalities based on allogeneic NK cells can poten-
tially be used to treat large numbers of patients with optimally selective cytotoxicity.

Keyword : CAR-NK, Cancer immunotherapy, Pancreatic cancer, Allogeneic therapy, TRAIL
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Cancer control through CRISPRi mediated epigenetic
editing of mutant TERT promoter

Chang Ho Lee", Seung Ryul Han?, Ji Hyun Kim?, Seong-Wook Lee™?

'Department of Life Convergence, Dankook University, 152, Jukjeon-ro, Suji-gu, Yongin 16890, Republic
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’R&D Center, Rznomics Inc., 253, Pangyo-ro, Bundang-gu, Seongnam 13486, Republic of Korea

In this study, we will introduce our efforts to develop novel specific and effective gene therapy for
human malignant diseases, which is based on the system capable of inhibiting cancer growth
through cancer-specific suppression of TERT expression. To this end, we developed CRISPRi sys-
tem that can specifically and efficiently suppress TERT expression in cancer cells only, through ge-
nomic targeting and epigenetic editing of highly activated TERT promoter somatic mutation that
is one of the most frequent genetic alterations in malignant diseases including hepatocellular
carcinoma, melanoma, glioblastoma, and etc. We constructed an adenoviral vector encoding the
CRISPRI system, observed anticancer efficacy, specificity, hepatotoxicity, and safety of the vector,
and studied the anticancer mechanism of the vector. These proof-of-concept studies established
the feasibility of CRISPRi mediated epigenetic control as a therapeutic tool for highly activated
TERT promoter somatic mutation as a cancer-specific therapeutic target.
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ribozyme for liver cancer gene therapy.
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Group | intron-based trans-splicing ribozyme enables to sense and reprogram target RNA into
gene of interest through RNA replacement. Previously, we proposed hTERT-targeting trans-splicing
ribozyme downstream therapeutic suicide gene for cancer therapy. Here, we optimized the specif-
ic ribozyme for highly efficient antitumor activity with less off-target effect for anti-HCC approach.
We enhanced the intracellular expression of the ribozyme at transcriptional/post-transcriptional
level and improved tumor selectivity via introduction of microRNA target site at the 3’ end of the
ribozyme. Then, systemic administration of adenovirus encoding our refined ribozyme achieved
great anti-tumor efficacy and improved ability to specifically target tumor without hepatotoxicity in
vivo. Minimal liver toxicity, tissue distribution and clearance pattern of the recombinant adenovi-
rus were observed in normal animals administered either systemically or via the hepatic artery.
Post-transcriptionally regulated RNA replacement strategy mediated by a cancer-specific ribo-
zyme provide a clinically relevant, safe, and efficient strategy for HCC treatment.
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Anticancer effects of hASC-EV, not hUC-EV: A double-
edged sword effect in normal and cancer cells
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Human adipocyte mesenchymal stem cell-derived extracellular vesicle, hASC-EV, is character-
ized about 100-150nm range of heterogeneous sizes with small membrane vesicles originated
plasma membrane and collected from human adipocyte mesenchymal stem cell. Each exosome
has its own functions as transferring their biological materials to induce biological process like
replications, growth, apoptosis and necrosis. hASC-EV was provided by collaborators and already
proven its various functions which include anti-inflammatory, anti-liver fibrosis and anti-lung fi-
brosis by them. In this study, we tested hASC-EV’s anticancer function with inhibiting cancer cell
proliferation and increasing normal cell duplication, these were a double-edged sword effect in
normal and cancer cells in vitro. We also tested human umbilical cord-derived MSC extracellular
vesicle (hUC-EV) as a negative control for anticancer effects. The action of hUC-EV was not any
double edged-sword effects like hASC-EV but decreased proliferation both cancer and normal
cells. Apoptosis was increased in CIP2A positive cells in MRC5 and A549 co-cultures by hASC-EV
treatment rather than hUC-EV. Moreover, the tumor size of the A549 xenograft mice decreased
statistically significantly and remained small for 37 days after 5 intravenous administrations with
1x109 particles hASC-EV. But same times and same particle number of hUC-EV administration
did not shown any positive effect in A549 xenograft mice model. These animal results were simi-
lar with the cell results of hASC- and hUC-EV. The results showed that hASC-EV induced apoptosis
into AB49 cells rather than MRC5 cells in the co-culture system and significantly reduced A549
tumor size in xenografted mice. Thus hASC-EV has anticancer effects with a double edged-sword
in normal and in cancer cells.

Key words
Adipocyte mesenchymal stem cell, umbilical cord mesenchymal stem cell, extracellular vesicle,
Ab549 xenograft mice model
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Signaling pathways involved in HMGB1-dependent
NADPH oxidase in monocytes
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The effects of vascular inflammation on monocytes are modulated by reactive oxygen species
(ROS) and also involve high mobility group box 1 (HMGB1) engagement. However, its role in the
HMGB1-induced generation of ROS in monocytes is still unclear. Thus, this study investigated
the source and mechanisms of ROS generation in monocytes stimulated with HMGB1. Mono-
cytes were cultured using THP-1 cells (a human monocytic leukamia cell line), and stimulated
with HMGB1 (100 ng/ml), and ROS production were analyzed by flow cytometry. The expression
of p47phox and mitogen-activated protein kinases in HMGB1-stimulated VSMCs was analyzed
by Western blots. Exposure of THP-1 cells to HMGB1 showed an increased production of ROS,
which was attenuated by NADPH oxidase inhibitors. Linked to these results, we aimed to the sig-
nal transduction pathways involved in the activation of NADPH oxidases. In cultured human THP-
1 cells stimulated with HMGBZ1 (100 ng/ml), ROS production was markedly increased. However,
both these effects were markedly attenuated in cells pretreated with the inhibitors of ROS [N-acetyl
cysteine (NAC)] and NADPH oxidase [diphenyleneiodonium chloride (DPI) and apocynin (APO)].
Moreover, HMGB1-induced expressions of p47phox phosphorylation were markedly attenuated in
MAPKs inhibitors pre-treated cells, and phosphorylation of MAPKs expressions were reduced in
receptors for advanced glycation end-product (RAGE)-inhibited cells. Likewise, in RAGE-inhibited
cells, HMGB1-induced ROS production was significantly reduced in cells.

Taken together, it was indicated that activation of the MAPKs/p47phox cascade plays a central
role in HMGB1/RAGE-induced ROS generation and suggests the existence of a ROS inflammatory
amplification feedback loop in monocytes. Altogether, these results suggest that RAGE plays a
critical role in HMGB1-induced ROS generation in monocytes through activation of NADPH oxi-
dase.
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A role for LTB4 induced MCP-1 production in
HMGB1-exposed vascular smooth muscle cells
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Although Monocyte chemotactic protein-1 (MCP-1) is best known for its ability to recruit mononu-
clear cell, few studies have examined the effects of this chemokine on others cells in the vascular
response to injury. Given the importance of high mobility group box 1 (HMGB1) in vascular injury
and inflammation, this study determined MCP-1 expression in VSMCs exposed to HMGB1, and
also evaluated the role of 5-lipoxygenase (5-LO) signaling pathways in HMGB1-induced MCP-1 ex-
pression. VSMCs were ex plant cultured using rat thoracic aorta, and stimulated with HMGB1 (30
ng/ml). The expression of 5-LO and MCP-1 in HMGB1-stimulated VSMCs was analyzed by West-
ern blots. LTB4 and MCP-1 production were determined by ELISA. In cultured rat aortic VSMCs
stimulated with HMGBZ1 (30 ng/ml), the expression of 5-LO was markedly increased in a dose-
and time-dependent manner, as well as production of leukotriene B4. Likewise, MCP-1 expression
and production in HMGB1-stimulated VSMCs were markedly increased, which was significantly
attenuated in cells treated with zileuton (100 uM), a 5-LO inhibitor as well as in cells deficient of
5-LO. In response to LTB4, MCP-1 expression in VSMCs was increased dose-dependently, which
was attenuated in cells treated with U75302 (10 uM), a LTB4 receptor 1 (BLTR1) inhibitor as well
as in cells deficient of BLTR1. It was suggested a potential importance of LTB4 in MCP-1 expres-
sion in VSMCs.

Our results suggested that 5-LO-derived LTB4 produced by HMGBZ1-stimulated cells increased
MCP-1 expression in VSMCs of the injured vasculatures. Thus, the LTB4-BLTR1 signaling axis in
VSMCs might serve as a potential target for future therapeutic strategies for vascular inflamma-
tion in the injured vasculatures.

935



15th ANNUAL MEETING OF
KOREAN SOCIETY OF GENE AND CELL THERAPY

P-18

Potential of mTOR as the therapeutic target for
blocking choroidal neovascularization

Seho Cha'’, Won-il Seo®’, Ha-Na Woo**, Hee Jong Kim*, Steven Hyun Seung Lee**?,
Jun-Sub Choi', Keerang Park®, Joo Yong Lee*’, Beom Jun Lee*"", Heuiran Lee**""

'CuroGene Life Sciences Co., Ltd.; Cheongju, Korea

’Department of Biopharmacy; College of Veterinary Medicine, Chungbuk National University, Cheongju, Korea
*Department of Microbiology; University of Ulsan, College of Medicine; Seoul, Korea

*Bio-Medical Institute of Technology; University of Ulsan, College of Medicine; Seoul, Korea

°Department of Medical Science, Asan Medical Institute of Convergence Science and Technology, Asan
Medical Center, University of Ulsan College of Medicine, Seoul, Korea

®Department of Biopharmacy; Chungbuk Health & Science University; Cheongju, Korea

"Department of Ophthalmology, Asan Medical Center, University of Ulsan College of Medicine, Seoul,
Republic of Korea

We recently demonstrated the therapeutic potential of ShRNA abrogating mechanistic target of
rapamycin (MTOR) delivered via recombinant adeno-associated virus (rAAV) against pathological
retinal angiogenesis. In rat oxygen-induced retinopathy (OIR) and mouse laser-induced choroidal
neovascularization (CNV) models, rAAV2-shmTOR reduced both neovascularization and inflamma-
tion. In addition, the intra-ocular delivery of rAAV-shmTOR induced efficient transduction of retinal
endothelial cells and reduced extensiveness by laser injury with mTOR inhibition. To further ex-
plore the mechanism of anti-angiogenic role of rAAV2-shmTOR, we investigated endothelial cells
in the presence of VEGF stimulation. rAAV2-shmTOR significantly reduces mTOR expression and
downstream signaling cascades of mTORC1 and mTORC2 in HUVEC cells even under VEGF treat-
ment conditions. Angiogenic features and proliferative activity of HUVEC cells stimulated by VEGF
treatment were efficiently inhibited by rAAV2-shmTOR. Moreover, rAAV-shmTOR supported the
maintenance of the integrity of the vascular endothelial cell barrier by sustaining tight junctions
between HUVEC cells.

Taken together, these results demonstrate the potential of rAAV2-shmTOR as an efficient thera-
peutic strategy for retinal vascular disorders.

Co-first authors: Seho Cha and Won-il-Seo
Co-corresponding authors: Heuiran Lee and Beom Jun Lee
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Manufacturing master cell banks of oncospreading
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Retroviral Replicating Vectors (RRVs) can spread in tumor tissue because of their ability to infect
and replicate in dividing cells. Since RRVs have been shown highly efficient transduction in tu-
mors, it is possible to obtain the therapeutic effect through prodrug activator genes delivered by
RRV vectors. In the previous study, we developed the GalLV-env-pseudotyped dual RRV vector sys-
tem (sRRVgp-yCD & spRRVe-TK) encoding HSV1-TK and human codon optimized yeast CD genes,
respectively, for cancer therapeutic agents. In our present study, we were willing to establish
the virus producer cells (VPC) that can produce high titers of the dual RRVs and to manufacture
master cell banks (MCBs) for clinical use. First, each of the dual RRVs (SRRVgp-yCD & spRRVe-TK)
was separately transduced into retrovirus packaging cell line PG13. An then, PG13/env-HSV1-TK
and PG13/gagpol-yCD VPCs were selected clonally and amplified for the screening of VPCs pro-
ducing high titer retroviral vector particles. The biological titer and genome integrity of the select-
ed VPC clones were evaluated. Currently, MCBs of the validated PG13/env-HSV1-TK and PG13/
gagpol-yCD VPCs are under manufacturing in the GMP facility.
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Wide-ranging effects of a novel mTOR-inhibiting
gene therapeutic for diabetic retinopathy in a STZ-
induced mouse model

Steven Hyun Seung Lee***", Joo Yong Lee*®", Jun-Sub Choi*, Hee Jong Kim?*, Jin Kim*,
Seho Cha*, Kyoung Jin Lee**, Ha-Na Woo>*, Keerang Park®"’, Heuiran Lee**""

'CuroGene Life Sciences Co., Ltd.; Cheongju, Korea

’Department of Microbiology; University of Ulsan, College of Medicine; Seoul, Korea

*Department of Medical Science; Asan Medical Institute of Convergence Science and Technology; Asan
Medical Center; University of Ulsan, College of Medicine; Seoul, Korea

*Bio-Medical Institute of Technology; University of Ulsan, College of Medicine; Seoul, Korea
®*Department of Ophthalmology; Asan Medical Center; University of Ulsan, College of Medicine, Seoul, Korea
®Department of Biopharmacy; Chungbuk Health & Science University; Cheongju, Korea

Despite being a multifactorial condition, therapeutic interventions for diabetic retinopathy (DR)
consist of laser photocoagulation or anti-VEGF drugs, treatment strategies that may not ful-
ly address the condition’s complex pathophysiology, among other limitations inherent to the
treatments themselves. However, a gene therapy focusing on a therapeutic target with broader
effects, such as the mechanistic target of rapamycin (mTOR), may be a potential solution to over-
come these concerns. Having previously demonstrated the suitability of a mTOR-inhibiting sShRNA
packaged in a recombinant adeno-associated virus to treat angiogenic retinal disorders, here we
explore the effects of rAAV2-shmTOR-SD in a streptozotocin-induced diabetic mouse model. De-
livered via intravitreal injection, the therapeutic virus vector was shown to effectively transduce
mouse retinas and therein downregulate mTOR expression, which was elevated in sham-treated
and control shRNA-injected (rAAV2-shCon-SD) control groups. mTOR inhibition lead to marked
reductions in pericyte loss, vascular permeability, and cell layer thinning in the retina, three pro-
cesses involved in DR progression. Immunohistochemistry showed that rAAV2-shmTOR-SD limited
retinal angiogenesis and reduced pathogenic Muller cell activation and proliferation, thereby ad-
dressing DR-related activities linked to vision loss, while also having anti-apoptotic effects. Taken
together, these results demonstrate the promise of rAAV2-shmTOR-SD as a potential gene thera-
peutic for DR.

Co-first authors: Steven Hyun Seung Lee, Joo Yong Lee
Co-corresponding authors: Keerang Park, Heuiran Lee
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rAAV expressing soluble VEGF receptor-1 variant tested
in a STZ-induced mouse model as a intravitreally-
injected gene therapy for diabetic retinopathy

Steven Hyun Seung Lee***", Joo Yong Lee**", Im Kyeung Kang>*", Jun-Sub Choi*, Hee Jong Kim®,
Jin Kim?, Seho Cha®, Kyoung Jin Lee**, Ha-Na Woo>*, Keerang Park®"", Heuiran Lee**""
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2Department of Microbiology; University of Ulsan, College of Medicine; Seoul, Korea

*Department of Medical Science; Asan Medical Institute of Convergence Science and Technology; Asan
Medical Center; University of Ulsan, College of Medicine; Seoul, Korea

*Bio-Medical Institute of Technology; University of Ulsan, College of Medicine; Seoul, Korea
*Department of Ophthalmology; Asan Medical Center; University of Ulsan, College of Medicine, Seoul, Korea
®Department of Biopharmacy; Chungbuk Health & Science University; Cheongju, Korea

Purpose: In addition to laser photocoagulation, therapeutic interventions for diabetic retinopathy
(DR) include anti-VEGF drugs, with both possessing distinct disadvantages. Specific to the latter is
the necessity of frequent intravitreal injections, which may be burdensome to patients, adversely
affecting patient compliance and treatment efficacy, and for which gene therapy may prove to be
a favorable alternative. Here, we investigate the therapeutic potential of a recombinant AAV2 ex-
pressing a soluble variant of VEGF receptor-1 (rAAV2-sVEGFRv-1) in a long-term study.

Methods: C57/B6 mice were used to generate a streptozotocin-induced diabetic mouse model,
which were administered with rAAV2-sVEGFRv-1 or a therapeutic dose of bevacizumab via intrav-
itreal injections, with appropriate controls. Multiple studies have shown bevacizumab, which and
is often used off-label due to the economic advantages it offers, to be as effective as approved
therapeutics versus DR.

Results: rAAV2-sVEGFRv-1 effectively transduced the mouse retinas, was well-supported in target
cell types, and its overall therapeutic efficacy compared favorably to bevacizumab in addressing
various aspects of DR pathophysiology. rAAV2-sVEGFRv-1 reduced both retinal vascular leakage
as well as pericyte loss, an important early feature of the condition. Limiting the extent to which
retinal cell layer thinning occurred suggests the therapeutic virus vector possess neuroprotective
qualities while also being anti-apoptotic, which is the mechanism of cell death by which neurode-
generation occurs in DR.

Conclusions: Taken together, these results demonstrate the great promise of rAAV2-sVEGFRv-1
as an effective and convenient gene therapy-based solution for the treatment of DR.

Co-first authors: Steven Hyun Seung Lee, Joo Yong Lee, Im Kyeung Kang
Co-corresponding authors: Keerang Park, Heuiran Lee
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Adeno associated virus 2-based gene therapy with
coding survivial splicing variant DX2 of pro-apoptotic
AIMP?2 for treatment of neurodegenerative diseases

Min Hak Lee', Dae Hoon Lee*, Ba Da Lee* , Mi Ran Byun?® and Jin Woo Choi**"

 Laboratory of Phamacogenetics, Department of Biomedical and Pharmaceutical Sciences, Graduate
School of Kyung Hee University, Seoul, 02447, Republic of Korea

2 Generoath Ltd. Research and Development Center, Seoul, XXXX Republic of Korea

% College of Pharmacy, Kyung Hee University, Seoul, 02447, Republic of Korea

Pro-apoptotic gene AIMP2 is considered a critical causative gene for Parkinson disease(PD). Even
in amytropic lateral sclerosis (ALS), AIMP2 is suspected of contributing to disease development in
the tight interaction with lysyl tRNA synthetase. Nevertheless, it is difficult to directly target AIMP2
for the treatment of the diseases due to the housekeeping character and macro-complex-forming
existence. Instead, AIMP2 has an antagonistic survival splicing variant, so called DX2. Thus, we
developed DX2-coding AAV2 to target neurodegenerative disease such as PD and ALS. To prevent
leakage of the transgene, miR142 target seq was added.

Neurodegenerative diseases are characterized by the loss of neuron cells such as dopaminergic
neurons in Parkinson’s disease (PD) and motor neurons in Amyotrophic lateral sclerosis (ALS).
As AIMP2 can contribute to PD through promoting apoptosis following to aberrantly activating
poly (ADP-ribose) polymerase 1 (PARP-1), DX2 blocks the AIMP2-induced neuronal apoptosis. As
for ALS patients, the cause is unknown but some of patients carries mutations in specific genes
such as TDP43 and SOD1, which lead to the loss of motor neurons. DX2 can bind to SOD1 pre-
vent the loss of motor functions

Here, it is shown that DX2 contributes to cell survival by suppressing AIMP2-induced apoptosis,
and to suggest AIMP2-DX2 as a novel therapeutics for neurodegenerative disease such as PD
and ALS.

100



Poster Abstract

P-23

Viral vector-based diagnosis of circulating tumor cells

Jae Won Song?, Sun Kyung Kim?, Bada Lee'?, Peter Goughnour* Jong Man Park® and
Jin Woo Choi**”

T Laboratory of Pharmacogenetics, Department of Biomedical and Pharmaceutical Sciences, Graduate
School of Kyung Hee University, Seoul, 02447, Republic of Korea

? College of Pharmacy, Kyung Hee University, Seoul, 02447, Republic of Korea

® Core pharma Ltd. Research and Development Center, Yeongtong-gu, Suwon-si, Gyeonggi-do, 16226,
Republic of Korea

Cancer metastasis is the spread of cancer cells to distal organs or tissue, and is actively re-
searched to understand and treat more advanced stages of cancer. Circulating tumor cells (CTCs)
is @ main factor that mediates cancer metastasis. They circulate in the blood making it suitable
for liquid biopsy unlike tissue biopsy that is invasive and highly demanding for patients. In addi-
tion, it is more efficient to detect the comprehensive gene expression of tumor.

Epithelial cell adhesion molecule (EpCAM), which is well known to be highly expressed in epithe-
lial cancer cells, is the current biomarker to detect CTCs, However, EpCAM expression is reduced
in some CTCs that undergo epithelial-mesenchymal transition (EMT) before disseminating from
primary tumor cells leading to false negative results. This is the main cause of false negative di-
agnosis in the previous CTC detection trials. Here, we present a novel method using adenovirus
for detecting all types of CTCs. This technology uses a chimeric adenovirus 3/5 that has a cancer
specific hTERT promoter with a green fluorescence protein (GFP) for easy detection in blood samples.
In this report, we verified the adenovirus 3/5 virus infection efficacy and cancer specificity. Since
chimeric adenovirus 3/5 binds specifically to desmoglein-2 (DSG2) and CD486, it was shown that
the expression of these receptors in each cell line were highly correlated with the infection rate
of virus. The correlation between infection rate and mRNA/protein expression level was highest
in DSG2 . The same method was also applied to detection of CTCs in patient’s blood of prostate
cancer and renal cell carcinoma. The number of CTCs was significantly decreased after prostatec-
tomy and the number is correlated with the tumor stage of renal cell carcinoma.

Taken together, our novel method can be used for the prognosis and point of care for cancer pa-
tients.
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Bi-specific RNAi to target mTOR and Androgen
receptor for castration-resistant prostate cancer.

So00 Min Lee™?, Su Kyeong Kang™®, Ki Hwan Um? and Jin Woo Choi*®"

 Laboratory of Phamacogenetics, Department of Biomedical and Pharmaceutical Sciences, Graduate
School of Kyung Hee University, Seoul, 02447, Republic of Korea

? Curigin Research and Development Center, Seoul, 04778, Republic of Korea

% College of Pharmacy, Kyung Hee University, Seoul, 02447, Republic of Korea

RNA interference (RNAI) is a mechanism that regulates mRNA stability and translation by silenc-
ing specific genes. RNAI has been extensively applied to various diseases such as cancer. Howev-
er, there are technical limitations to such as off-targeting effects and low delivery efficacy. Also, in
many diseases like cancer, as one gene is not a only cause of the disease development, it would
be nice to target more than one gene. So, corporation of two shRNAs system is needed. However,
in that cases, two respective promoters should be coded and that may lead positional hindrance
effect each other.

To overcome these challenges, we developed a novel bi-specific ShRNA system that both
strands of shRNA (sense, anti-sense) are designed to respectively bind to each mRNA and finally
down-regulate two different gene without any off-target effects. In addition, as our technology only
needs one promoter, the expression level can be balanced. As for delivery issue, we incorporated
our technology into adenovirus to assist its delivery into the cells.

castration-resistant prostate cancer (CRPC) is an incurable type of prostate cancers with a low
survival rate. CRPC doesn’t respond to anti-androgen receptor (AR) therapy but AR still work as a
main cancer-driving gene. Especially network of CRPC is reorganized into mTOR. Therefore, co-tar-
geting AR and mTOR is considered as highly potent therapeutic strategy. Further, we used the
genetically modified oncolytic virus as a carrier of bi specific SiRNA on mTOR and AR, which facil-
itates delivery of RNAI in target cells. As the results, mTOR and AR are knocked down sufficiently
in CRPC cell lines 72 hours after virus infection and cancer cell suffered from apoptosis and the
proliferation was decreased subsequently. In mouse xenograft model, more regression of tumor
size compared with the empty oncolytic virus. This suggests that our novel oncolytic virus loading
MTOR-AR bi-specific RNAi have a possibility as a new therapeutic agent for CRPC patients.
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Multiplexed genome engineering of human induced
pluripotent stem cells
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Seoul 08826, Korea

# These authors equally contributed to this study.

Clustered Regularly Interspaced Short Palindromic Repeats and Cas-associated (CRISPR/Cas)
systems have been used as a versatile tool for genome editing in mammalian and plant cells.
CRISPR/Cas genome editing enzymes consist in two parts: effector protein that results in DNA
double strand break and single guide RNA (sgRNA) that addresses the ribonucleoprotein (RNP)
enzymes to the intended sequence in the genome. Recently, various cell therapies are being
developed by combining induced Pluripotent Stem Cells (iPSCs) and gene editing technology. In
particular, the efficiency of gene editing is important when multiple gene editing is performed in a
complex manner. We performed simultaneous multiplexed genome editing rather than sequential
mutagenesis of each gene to avoid unwanted damage to the cells. At least two different sgRNA
candidates for each target gene that might result in higher editing efficiency were designed using
web-based tools, synthesized in vitro, and tested individually in HEK293T cells. After T7E1-based
efficiency tests, the two sgRNAs per each gene were chosen. Total of 8 different RNP pairs were
assembled in vitro, and introduced into HEK293T cells using electroporation. The four different
RNP pairs with proven efficiency were introduced into iPSCs using electroporation to target four
different genes. After two weeks, sixteen iPSCs colonies were picked and genomic DNA was iso-
lated. PCR amplicons spanning the intended editing sites were amplified and subjected to next
generation sequencing. Deep sequencing of the DNA from the 4 genes in iPSCs lines revealed
one cell out of 16 tested to be homozygous mutations for each locus. Our experiences suggested
that designing sgRNAs that should result in greater editing efficiency while minimized off-target
effects accounts for overall success of genetically modified iPSCs.

103



15th ANNUAL MEETING OF
KOREAN SOCIETY OF GENE AND CELL THERAPY

* Corresponding author
E-mail: choe@gflas.com
E-mail: kangpub@kangstem.com

Acknowledgments
This project has been supported by the Basic Science Research Program through the National
Research Foundation of Korea funded by the Ministry of Science and ICT (2020R1F1A1063608)

104



Poster Abstract

P-27

Cancer Immunotherapy by Combinational Delivery
of SAHA and siRNA using Anti-PD-L1-Targeted
Immunoliposomes

Ji-Eun You® and Keun-Sik Kim?®

@ Department of Biomedical Laboratory Science, Konyang University, Daejeon 35365, Republic of Korea;

Cancer immunotherapy is a powerful treatment modality with active on-going preclinical and clini-
cal developments of multiple therapeutic pipelines. Recently, programmed death ligand-1 (PD-L1)
emerged as a central element in cancer treatments targeting immune checkpoints. The PD-L1
monoclonal antibodies that block the PD1/PD-L1 pathway can delay tumor growth efficiently but
has critical disadvantages such as low selectivity and high immune mediated systemic toxicity. In
this study, we developed active targeting liposome loaded histone deacetylase inhibitor (HDACI)
and PD-L1 siRNA for synergistic anticancer immunotherapeutic effect. The aim of the study was
to determine the antitumor effect of combined chemo-gene therapy in non-small cell lung cancer
(NSCLC). The PD-L1-targeted immunoliposomes were ~100 nm in diameter with unimodal size
distribution. These immunoliposomes demonstrated a significant increase in cellar association
and the combined delivery of the PD-L1-targeted immunoliposomes containing HDACi (SAHA) or
anti-PD-L1 siRNA were also significantly more cytotoxic than only one-drug treatment. We also val-
idated a significant increase of cytokines of CD8+ T cell responses following treatment with SAHA
(Vorinostat) and anti-PD-L1 siRNA. Theses immunoliposomes for dual-drug (SAHA and siRNA) delivery
have promising potential for clinical applications and possibly provides a well-controlled design for
combination therapy with chemotherapeutic and siRNA therapeutic drug for further exploration.

Key words: HDACi, Immunoliposomes, Immunotherapy, PD-L1, SAHA, siRNA
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6-O-galloyisalidroside, an active ingredient from Acer
tegmentosum, ameliorates alcoholic steatosis and liver
injury in a mouse model of chronic ethanol consumption

Yongjun Lee *
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We previously reported that Acer tegmentosum extract, which is traditionally used to treat liver
disease in Korea, might improve metabolism, and suppress inflammation in the liver. The ac-
tive ingredient, 6-O-galloylsalidroside, was isolated from A. tegmentosum. We hypothesized that
6-0-galloylsalidroside could produce the desirable pharmacological benefits to ameliorate physi-
ological conditions caused by chronic alcohol consumption. We investigated whether 6-O-galloyl-
salidroside can regulate alcoholic fatty liver and repair liver injury in mice. During chronic-plus-
binge ethanol-feeding in mice, 6-0O-galloylsalidroside was administered orally once per day for 11
days. Target RNA expression was determined by real-time PCR. Intrahepatic lipid accumulation
caused by alcohol consumption was measured in vivo with 1H magnetic resonance imaging. He-
patic steatosis was observed histologically in tissue samples by staining with hematoxylin, eosin,
and Oil Red 0. The serum levels of alanine aminotransferase (ALT) and aspartate aminotransfer-
ase (AST) were measured with a Konelab system, and the triglyceride content was measured in
liver homogenates by an enzymatic peroxide assay. 6-O-galloylsalidroside appeared to alleviate
alcohol-induced steatosis, implied by decreased hepatic and serum triglyceride levels despite
ethanol feeding. 6-O-galloylsalidroside treatment correlated with a decrease in Cd36 RNA expres-
sion, potentially inhibiting the development of alcoholic steatosis through the hepatic de novo
lipogenesis pathway. Furthermore, treatment with 6-O-galloylsalidroside inhibited the expression
of cytochrome P4502E1 and attenuated hepatocellular damage, reflected by a reduction in ALT
and AST levels. These findings suggest that 6-0-galloylsalidroside extracted from A. tegmentosum
has the potential to serve as a bioactive agent for the treatment of alcoholic fatty liver and liver
damage.

106



RNA Biopharmaceuticals Rznomécs

Ribozyme and omics

U X| A= RNA Platform 2| 7|8 QEXEX|2H| L2
CIYSH unmet medical needsE £ 750t A A2 EQ6H USLICH

Hfo|2{A 2|8k
| LA
FEX HEA]

First-in-class’ for a variety
of unmet medical needs

5.3-2'0 Rznomics. All Rights Reserved.

R v, = A7|= 8OIA| £X| 7 FHZ 152, THRCHSID AT EQOICTR 3275
Zno I §CS TEL. 031-897-2905 | E_mail : rznomics@rznomics.com
WWW.rznomics.com 27| = LAl 257 TI 2 253, THo| L Wa| CE 8033

TEL. 031-8018-8730




HELI=MITH

Making a difference through Science

RYURIADIAL 204 0|4 B2AD|S DNA 7|8 QEAK|ZHS
Ashe Hl0| QA ME HEH AlobH 7|eilL|c

www. helixmith.com

HI0|2 Al

E2tA0|= DNA 22+ SRR 25|

Mz AAV 22 SEAX|Z2X|
CAR-T M2 7|8t RMXIX|=2H|

AR =

HAHE A

OIS, HYIISHE, FEE S
MAS oA e A+




g

T He

o
S
- T +E2 GLP HIZEAR

o
&
o
gl

71E
=

=
=

fH2A 2E 28 HEID|

BIT B2 A S0
Al
[}

i



.-

Inna vative C urein Medicine

A Leading Biots edl
for AAV
Gene

H https://icm-bio.co
E admin@icm-bio.com

Ay
EAl M2 MCi2 HM|R 50, 3235 4265 G
oA ME MR M2 50, 1025 460~4673 ( Sk







L Gencellmed

Next Generation Oncolytic HSV-1 Therapy Platform

GCM Biotechnology

Double targeting to cancer

Immuno Oncolytic HSV-1 with Adaptor & Cytokine




CORESTEM

sopAE

=L A 0= 521 2 “FLHOA] T’

) 1'?- E LI. EI"' %
WEsRAdsnaE e

NEUR_)NATA-R@

5 CORESTEM

GELE-Qtez = HA 2/Z0)

TS ISAESS 27|HE 2| = A -ILC.



www.cdmogen.com S CdmoGen

o Osong CDMO

oot

MCBFE| & &A|
=L 72| REXIX|=A| & MIZX |2 THE

CMO & CRO(CDMO)

CAR-T GMP M= ¥ 24 (RCR & RCL)

18 M SMA| ERMH[A

4] (Characterization)
P8/88 7 (Bio-safety, stability)

Virology testing

TEa Ey=

SiSiE AE Y FUTIE HEEEA SE MZ B EHEI7IE MNEYBIM
{Certificate of GMP Compliance of a Manufacturer) {Certificale of GMP Gompliance of a Manufacturor}

o H AR s ekl H




iaceuticals

K3 OliX

ot
%S Wt 71
||:l(|)=“-||:|. ‘Ol'A|

' o 2|z £
-L_I__‘:J

RNA
48 (RNADE O

|

[
S

z|
(]

[a)
=
m o
S8 -
= ~
= CR~a
reY HZ__%
0 0% U__Qﬂo -5
] g SRy
ey S L R0
<z ® il @aa%wﬂ T i
" 9 ZE__HH_ w
E.._N_._ - 0 m_.wﬁAo_. < P s
53 s |z S LEI 27 ¥
o AU I of T T & P < = o )
o £} R o 2 % M2 & U
ok L ] ~ <0 = G i o] < 1
Gy ~ - o i 2 N o
k,)._.ur) 3
o < o = w0 %) 20 o Py i 3
ar ulo i ok ) w2 o = 0 =
=Y |__ =5 — %0 /Ac_m l o Bl 3 0l = = of
. J — oF = oo = IR ] o X ~
< o ol Bor © ro o= ol fo fr ok O g r X
< m Ul XX X ol M_W o & 7o = & of < 4 =
S i} T I ar - Ol ~0 <0 <0 7 w0 <!
wmﬁ wA_.n of ..44...M_womnwﬁ L3 % ™ g wﬁ,m% > <
> RO 5l 4 o Ar Ho & g M 7w m < zl T oy QL o T o
o o = - m.__+%7a_ xf o a_m_r__go H/TCMO__#, 2 g OF 0 o
= =J T N oEoof o w il oz o o HIPE =k N _-
= X o L B O &r i ...EAouz oz o u:sf@z T
0 o ~ . rr o | 3 Ea£+:_o__+a Aﬂrhm_ i = K E)
M =J <Y Al o fof - IO < i 5 o m
ol == ) H O < for L~ O < I ar X for ol L FL 1l
_.:._ = UJ O_E X L H b 5 ol = 0: .. o Ir or Py [Te} o 7 Llo
il = 5 X 20 % IR u 2 < or o __ofmmﬁy mo
- ke E= I.I.-q. 1 -
AR ol - <0 = Al 0 <0 ar o o =X S a2
w > ol )Ll & IAvNI 1K H ..=__:1Aﬂ > Ho T < ...AluA_\ _.__mx = mm.u @_I »
<3 44 . C | O E Mo T or XX o
= % ey = 1] T o ol of | = = 20 g r
< N __.l_._|._ © o m.J T 4 m.mno < ar B ﬂo
z ™ X + o S T oo
7 O N it 5w W - 0 s rir =
m-m.l_ _A_H _|_ro ___m“_ # = @_.IAO _ — ofr ’d F N
=0 Qo 0 & SO < ot w & %
00 or 3 U Wﬁﬁ o X0 o M_...._ ]
0 S S = T ) uw oo Mo 200 L
03 R = ar Mg 7|M._o._uo © =0
ol 9 1) ] HA._J._O .H..,.Ala.__.o_us ] 1o
G o I o w5 nNTELTE 2 %)
2 o ) < o S A KD
~ oo U 5 T T 5 - 4 L2
|.||L| = - ™ - Bl = — T
_M._ 2 X0~ uo = b o N T+ ol gt h
T e = o %0 o 8l iof = mw M_ 7l 0 - m
T o= U El R g o ar o e o - O S
] = o ogr e o s Cli
3l w = 3. ﬁ%V:.mﬂ. ﬂuzﬁﬁé__ uoﬁ__w T o I ~ I
d w9 r o W= TS m ?m_zo_ﬂﬂ F_A#._./.Lm w5 X £
ar o < 2 s Jvoﬂa.ma o B DX 5 W o
< < i H_,C X0 Bl =N .IdE._Z._. ol . o
o &< == ,_@_aﬂu_z U T ~ ol 0 __ < _Eolt —
IS ) 5 EEYE R P TR £ o< g5
w5 = 2 5| 2 AR E W SBEl o o w3 o 2 3
ol = D & = ° XU Z o R =0 8 = TaE % ©
—L 1|0 | < L.|..|.L. HED_Z K i s = _ ~ .Ao
1L E F d pgFaas RN B amey wm
w0 B R 2 & I o ﬂE.ﬂ@ tofm g o oS ®
w H F = = m_ﬁq_k&oD ) R IﬂmmJlA_. N » ﬂ.m%wuaz SHE
ur o o < 3 _Eﬂw:lo:n/r T = o o - &2 2 2 __wwmo7uo A X
. U o _ = ' AR = .|o_...rm_+_= m_.._uan_n_E S I._PXO.EH a 3B
&)U T ul <0 | ob N o ANHM_W_M% a_uﬂhmuimo 2 S W%mem;ﬂo M@o
H C z ma s ES = Bwgx =
: u Eﬂﬁouo1ﬂatw| X ﬂ+A.mA de
JI O N _._.__| H_.EW_H_M_H_ “ © E ﬁ o_\_ MO 2_.0 m _z_a _n__l e = %\
8l - _mu||_._.ﬁ.m_.m.0m...._ X o0 9._k||.9u ) o>
0 |Dr.RA_ _gﬁ.r,eﬁ_ gL m — ol
TE e o ?%Mnﬁ_m ~ I <
[ Ho_uﬂu_/l._ - o
c o = 7 3 2~ o @ Q0 o
\ _Aom__#ng <=
= ! ' _|._ HH X O
Gl ' ' pre) ..O
= 70 ..
" = m.._m_l_..Alll
o = 23
3 W K
iy fu
EHWB
. =

:031-
779-8400 FAX : 031

v—y

99

5

A
&

AR
=3

52
Q_Eé

42 17
, Oflol A2 mELRY1 101
4

+

of

7|Et 22
1__'% 7°:’G|-|
g El
©(031-779-8413)2
o=z 9ozt H
2t HHEfLICE

()16
226 27|15 A9lA| AE
dAl gEsT O



Let’s improve
patient lives together.







Bioprocess Design Center

EXPERIENCE THE INNOVATION

2020 1 2 RIMICH HIO|R0|HE TH 7]&0] SME MEsh=
u il Thermo Fisher Scientific Bioprocess Design Center2

OigiES =COARILICE

= -

Incheon, Songdo | Bioprocess Design Center

HiO|22loHE M SAI0l A&0f XISt

2309 22| Bioprocess Design Center=
O[22 E At ZHE 2 AHSist
SSME L 014E uidA, MRS BiX| 2
B ZHIA, A ¥ 2AAEAR 0|R01H
RUSLICE HIO|R2JF 7| =HTEE] 7K
7ks3h oF 100047H2] AH|E 2= dl=2HoM
=2 7| Hio|R m2MA MBI NHES

2op 2l 4 S,

-

=
o]
[T

[

1A| Pt SEUSIZ 56
&EBTAHIE| 65, Bioprocess Design Center

CEC YouTube HIZ27}7| QRIE ThermoFisher

. SCIENTIFIC
YouTube®|A Thermo Fisher Customer Experience Center KoreaS ZMSHMIR. R bdc.kr@thermofisher.com Bioprocess Design Center




At AAVAA Therapeutics, we promise only what we can deliver.

Promise of AAV gene therapy.
One-time delivery.

Benefits for life.

We are fully committed to expanding therapeutic innovation to ensure
that curative gene therapies for debilitating and life-threatening diseases
can be accessible to patients in need across the globe without limits.

N AANAVAA Therapeutics, Inc.
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Corning” Matrigel” Matrix
For Organoid Culture
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e Matrix = 37°C 14 & 3¢+ b
Negative for bacteria, fungi, mycoplasma
Endotoxin Unit HAE 2t=

(Limulus Amoebocyte Lysate assay)

Intestinal organolds grown In Corning Matrigel matrix for organold culture show typlcal budding morphology
and marker expression (Vimentin, Mucin-2, Villin, Chromogranin, and Lysozyme)>,

Ordering Information
14

Cat. No. Description

Alrway organolds grown in Coming
Matrigel matrix for organold culture
shown to express typical differentiation
markers of basal (green), cillated (red)
and goblet (orange) cells®.

Oty/Pk Oty/Cs

356255
phenol red-free, LDEV-free, 10 ml

Corning® Matrigel® matrix for organold culture, 1 1

d) (%Eugkl.ol?i,\, Corning life Sciences 34 A2, 47| tf2[H

N 24T =3=22Z 8 CYE Tel: 02-570-8730 Fax: 02-572-0464, www.daeilscience.co.kr
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www.toolgen.cm
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QUALITY....
IT'S IN OUR DNA®

Production Services Your Full Service CDMO for GMP Plasmid

VGXI, Inc. is a leading contract manufacturer of DNA based pharmaceuticals

® cGMP Plasmid Production with nearly 20 years experience providing quality cGMP products for clinical trials
for Clinical Through worldwide. Our skilled team has an outstanding track record of success in
Commercial Supply manufacturing challenging plasmid products under cGMP conditions with

exceptional yield, quality, and prompt delivery.

e Highly Documented (HD)
Plasmid for Toxicology or Capabilities Additional Services

GMP Virus Production

* GMP Cell Banking » Process Development
* 10 to 500L Fermentation * Yield Optimization
e High Purity Plasmid DNA « Scalable AIRMIX® Lysis Technology « Assay Development

for Pre-Clinical Research High Quality, Low Impurity Products * Multi-Plasmid Formulations
Concentrations from 1 to 15 mg/mL Full CMC Support

« In House cGMP Fill / Finish NTC HyperGRO™ Technology
© ‘ Comprehensive Stability Testing (Antibiotic-Free Selection)

V G XI Contact Us Today for a Customized Quote: plasmids@vgxii.com
Wy s 012 Yel

2700 Research Forest Drive, Suite 180, The Woodlands, TX 77381 Tel 281-296-7300 WWW.VgXii.com
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(2) A =2 AN T}5 CRISPR PLUS" Genome Editing Company

G+FLAS Life Sciences

Reliable friends for CRISPR-Cas genome editing

in microbes, plants, animals, and human

CRISPR
PLUS®
(Cas9)

CRISPR-
Cas12a

Improved Best working Proprietary and
performance gRNA design & alternative over
> 2X synthesis Cas9

(08790) MSEEA| et Y2 38 Sl RADAIE B1S
Tel : 02-872-2202 | Fax:02-872-4712 | E-mail : bd@gflas.com | Homepage : www.gflas.com

For Research Use Only. Not for Use in Diagnostic Procedures. ©2020 G+FLAS Life Sciences. Inc. All Rights Reserved. Available in Korea
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15" ANNUAL MEETING OF

KOREAN SOCIETY OF
GENE AND CELL THERAPY
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