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Hallym University & Hallym University Medical Centers
Excellence in Education and Healthcare

« Hallym University is a leading private university in Chuncheon, South Korea.

« Hallym University operates 6 general hospitals across Korea.

» Sacred Heart Hospital (Anyang) — Flagship hospital with top medical services.

« Kangnam Sacred Heart Hospital (Seoul) — Located in central Seoul, strong in
surgery and emergency care.
i~ 4 et *‘ * Chuncheon Sacred Heart Hospital — Connected to the university, offers training

and local care.

- Dongtan Sacred Heart Hospital — High-tech smart hospital in a growing city.

® \ « Hangang Sacred Heart Hospital (Seoul) — Nationally recognized for burn and
: trauma care.

.,
e

¥ ; | « Kangdong Sacred Heart Hospital (Seoul) — Focuses on internal medicine,
Znuananyuay = cancer, and patient care.
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Achievements:

« 2023-Present:

« Assistant professor at Department of Biomedical Science at Hallym University

« Chief Technology Officer (CTO) at EIONCell INC.

« 2021-2023: Senior research Investigator at University of Pennsylvania

« 2017-2021: Postdoc fellow at University of Pennsylvania

« 2016-2017: Senior researcher at JB Biotech INC.
« 2000-2016: BS & Ph.D at Seoul National University

« Current Research Projects
« Enhancing Anti-Tumor Activity: CAR-T.BIiTE strategies for solid tumors.
« CAR-Macrophage Therapy for Neurodegeneration
« Precision CAART Therapy for Autoimmunity
» Al-Driven CAR-Treg Development

nature biotechnology

Precision targeting of autoantigen-specific
B cellsin muscle-specific tyrosine

kinase myasthenia gravis with chimeric
autoantibody receptor T cells

autoantibody-positive MG.

Nat Biotech (2023)
MuSK-CAART for MG
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Immune cells and cancer immunotherapy
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Immune cells and cancer immunotherapy
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T Cell Therapy is limited by MHC Restriction

i Tumor « TSAs are presented on MHC molecules and recognized by TCRs.

MHC restriction and polymorphism create a major barrier, as each person
expresses a unique combination of MHC alleles.

~Antigen
"""""""" - st « As aresult, the probability of MHC matching between patients is less than 10%.
MHC
Peptide o o O [ o o
Patients with TSA
TCR
X X X (0) X X
J— R — . O
''''''''''''''''' MHC-matched patients
(<10%)

T cell

MHC - Major histocompatibility complex
TCR — T cell receptor
TSA — Tumor specific antigen




Chimeric Antigen Receptor (CAR) T cell

Antibody:

Limited therapeutic activity CARSMHCIingependentitargeting

CAR-T

i N 4 P A T
| Hecognition Antigen-specific
scFv
TSA '
Hinge domain
T cell receptor:
Stringent target selection Tcell 1 Tra";':;':izra"e CAR
(MHC-restriction) ' ™
Co-stimulatory
domain (CD28/41BB)
S m
CD3¢ s

 Living therapy
« Breadth of target recognition




Currently, seven CAR-T therapies have received FDA approval .s o205

Generic Name

Brand Name

Target Antigen

Target Disease

Patient Population
Children and young adults with refractory

Tisaggnlecleucel Kymriah CD19 B-cell acute lymphoblasticleukemia (ALL) orrelapsed B-cell ALL
(Tisa-cel) (Aug 30, 2017) (FMC63) - -
B-cell non-Hodgkin lymphoma (NHL) Adults with relapsed or refractory B-cell NHL
) ) B-cell non-Hodgkin lymphoma (NHL) Adults with relapsed or refractory B-cell NHL
Axicabtagene ciloleucel Yescarta CD19 - -
(Axi-cel) (Oct 18, 2017) (FMC63) Follicular lymphoma Adults with relapsed or refractory follicular
lymphoma
Brexucabtagene Autoleucel Tecartus CD19 Mantle cell lymphoma (MCL) Adults with relapsed or refractory MCL
(Brexu-cel) (July 24, 2020) (FMC63) B-cell acute lymphoblasticleukemia (ALL) | Adults with relapsed or refractory B-cell NHL
Lisocabtagene maraleucel Breyanzi . .
(Liso-cel) (Feb 5, 2021) CD19 B-cell non-Hodgkin lymphoma (NHL) Adults with relapsed or refractory B-cell NHL
Idecabtagene vicleucel Abecma . Adults with relapsed or refractory multiple
(ide-cel) (Mar 26, 2021) BCMA Multiple myeloma myeloma
Ciltacabtagene autoleucel Carvykti . Adults with relapsed or refractory multiple
(Cilta-cel) (Feb 28, 2022) BCMA Multiple myeloma myeloma
obecabtagene autoleucel AUCATZYL CD19 . . :
(Obe-cel) (Nov 8, 2024) (CAT) B-cell acute lymphoblasticleukemia (ALL) | Adults with relapsed or refractory B-cell ALL

* https://www.cancer.gov/about-cancer/treatment/research/car-t-cells




FDA-Approved CAR-T Therapies Target Pan-B Cell Markers

Naive B cells Antigen-experienced B cells
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+ Oh S. and Payne AS, Immune Network (2022)
» Masayuki Amagai, N Engl J Med (2016)



Remarkable Achievements of CAR T Cell Therapies in B Cell Malignancies

Company Date of Target antigen/ Hinge/ Costimulatory Vector/ Targeted Pivotal trial No. of Outcomes References
name approval Antibody transmembrane | domains promoter cancers Patients

Brand name

Generic

name

Novartis Aug 30, 2017 CcDi19 CD8u/CDBu 4-1BB + CD3{ Lentiviral R/R CAYA B- ELTANA 75 81% overall (58)
Kymriah Mouse FMCo3 EFlc ALL (NCT02228096) remission rate
Tisagenlecleucel

Kite Oct 18, 2017 CD19 CD8o/CD8a CD28 + CD3( Gammaretroviral | R/R LBCL ZUMA-1 108 58% complete (59)
Yescarta Mouse FMCa3 LTR (NCT02348216) response

Axicabtagene

ciloleucel

Kite Jul 24, cD19 CD28/CD28 CD28 + CD3{ Gammaretroviral | R/R MCL ZUMA-2 68 67% complete (61)
Tecartus 2020 Mouse FMCa3 LTR (NCTO02601313) response

Brexucabtagene

autolencel

Juno Feb 5, CD19 1gG4/CD28 4-1BB+ CD3L Lentiviral R/R LBCL Transcend NHLOO1 269 53% complete (a0)
Breyanzi 2021 Mouse FMCa3 EFla (NCTO02631044) response

Lisocabtagene

maralencel

Bluebird Mar 26, 2021 BCMA CD8w/CD8ox 4-1BB+ CD3{ Lentiviral R/R MM KarMMa 128 33% complete (63)
Abecma Mouse BB2121 MND (NCT03361748) response

Idecabtagene

viclencel

J&] and Legend Feb 28, 2022 BCMA CD8e/CD8ox 4-1BB + CD?M: Lentiviral R/R MM CARTITUDE-1 97 82.5% complete (64)
Carvykti dual camel single- EFle (NCT03548207) response

Ciltacabtagene domain antibodies

autoleucel

Autolus Inc ivi i

Aucatzyl ov 08, 2024 82'?'9(intermediate- D8+ CD8 « 4188+ Chs: E?:qt:uwral E/LRL e i (Fl\llzcli_lT)é4404660) % f:s"ﬁozzrzplete
Obecabtagene affinity)

autoleucel (obe-cel)

R/R, relapsed or refractory. CAYA, children and young adults. LBCL, large B-cell lymphoma. MCL, mantle cell lymphoma. MM, multiple myeloma.

Complete responses: 33-82.5% across trials

Mitra A et al, Front Immunol (2023)
https://www.fda.gov/drugs/resources-information-approved-drugs




CAR-T Therapy Beyond Cancers

B cell cancers

B CELL

‘\

allgnant
B cell
\x

Intracellular

| domain

Anti-CD19 CAR
T cell

T-cell signaling

Costimulatory
domain

CD¢ essential
signaling
domain

Release of perforin
and cytotoxins into
extracellular milieu
kills neighboring cells

B cell-mediated autoimmune diseases
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Masayuki Amagai, N Engl J Med (2016)
Lee et al, Nature Reviews Drug Discovery (2021)



Early Clinical Outcomes of CAR-T in Autoimmune Diseases

« Early trial results suggest that CAR-T therapy shows promising efficacy in various autoimmune diseases.
« Compared to cancer treatment, a milder side effect profile is often observed—possibly due to a lower target cell burden.

Systemic Lupus Erythematosus (SLE)

Neuromyelitis Optica Spectrum Disorder (NMOSD)

— Anti-CD19 CAR-T treatment applied

5/5 5-17

Achieved drug-free remission Follow-up duration (months)

Safety Profile:
* Mild cytokine release syndrome (CRS)

* No ICANS (immune effector cell-associated neurotoxicity syndrome)

None Mild Moderate Severe

* Nature medicine, 2022
+ Sig. Transduc Target Ther, 2022

— Anti-BCMA CAR-T treatment applied

11/12 5.5

Achieved drug-free remission Median follow-up duration (months)

Safety Profile:
Grade 1 or 2 mild CRS

* No ICANS

None Mild Moderate Severe




The Rise of CAR-T Cells in Autoimmune Disease Therapy

CAR-T trials for lupus dominate, but studies for other autoimmune disease are rapidly increasing

B Lupus Myasthenia gravis M Multiple sclerosis M Other

Cumulative trials

2017 2018 2019 2020 2021

Source: clinicaltrials.gov

+ Bone Marrow Transplantation (2024) 08 Oct: Image from https://www.nature.com/articles/d41586-024-00470-5

2022
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2024

2024
B Lupus: 22
Bl Myasthenia gravis: 5

[ ]Multiple sclerosis: 3
[l Other- 10




Myasthenia gravis (MG)

« Autoantibodies bind to post-synaptic proteins
(e.g. AChR, MuSK, LRP4 and etc)

 (lassification depending on serum autoantibodies

Typically more severe
MuSK MG Limited treatment options
6.0-7.5%

Seronegative MG
Low affinity AChR,
LRP4

==\ Wor.ov* et/ g AChR MG AChR MG
. c Early Onset 659 Late Onset
4 . . Sodium ions Age <50 ; F>M % Age >50 ; M>F

Acetylcholine .;i

o
Cadild

+ Image from https://www.chop.edu/conditions-diseases/myasthenia-gravis



B cell-depletion using CAR-T for myasthenia gravis

* Nature Reviews Drug Discovery (2021)

*  Anti-CD19 CAR-T cells target B cells, plasmablasts, and plasma cells (Haghikia et al., 2023a)
* Anti-BCMA CAR-T cells target plasmablasts and plasma cells (Granit et al, 2023b)

Anti-CD19 CAR-T (case report) Anti-BCMA CAR-T (open-label, phase 1b/2a)
10997 CAR; 51 QMG: quantitative MG score
s T-cells
CD19 g
BCMA R :
© NG
- - = :
B cell Plasmablast Plasma cell 0090 CO®
JIL
OU
v
Anti- Anti- Anti- -
/l/;Mr:JéK /'/—'LRP'4 %ACI:R ) :_
L ) %444
V¢ 11
Synapse § \| |
:\E % 27 l || 10+ % 04;—1?.'_’_-__’_’_._.: _____ ) -./ ..........................................
'.% Muscle cell 3 jll | :“ g -
| T BN, o[ 2
- o
ACh| AChR '“ ", - o n=1
PSP S (R R R T R - -
“:‘\Qi:‘i&:}f?}'l“ilq“}p Day 1 3 5 8 12 16 20 24
R et Time (weeks)

6 doses (INRNA-based CAR)

* Group 1 (n=2): twice a week
* Group 2 (n=7): once a week
* Group 3 (n=1): once a month

The Lancet Neurology (2023)2.b



CAR T-cell Therapy for B cell-mediated diseases

Is it possible to selectively remove autoreactive B cells?

PRECISION MEDICINE & m..
PEMPHIGUS: THE ROAD §
TO REMISSION

Aimee Payne, MD, PhD, and her quest for precision medicine in the treatment of pemphigus

Autormmunity

Healthy

B cell a

Q.d ) s®
Autoreactive o ”o @

B Ce” WCHU ath

Autoreactive B cells are rare
(less than 2% in total B cells) Most cells are cancerous




Each autoreactive B cell has a unique BCR that recognizes a specific autoantigen

Naive B cells Antigen-experienced B cells
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Short lived PC (5-7 days)
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(IgM) (IgM) (IgM, 1gG, 1gA) (CD19*/-, CD20M, signee)

AV Ag-specific B-cell marker:
Y SIQ Targeted B cell depletion

| scma ]

+ Oh S. and Payne AS, Immune Network (2022)



CAAR-T Platform:
ABCD: Antigen-specific B Cell Depletion

« CAAR (chimeric autoantibody Receptor): express autoantigen as a receptor domain
(called a "Double A CAR”)

CAAR T Therapy

™ PATHOGENIC 4
‘ AUTOREACTIVE
: B CELL

No Antibody- Normal
Mediated Immunity Immune System

AUTOANTIGEN

Targeting Domain

CD137 (4-1BB)

CD3-Zeta L
Signaling Domain

P CAAR T CELLL N

» Image from Cabalettabio.com



Developing ViuSK-CAART for MuSK seropositive MG

CAR M SK-CAAR M uSK protei

ture biotechnology 3 o "M;K -
MuSK
M OtO I neuron C Al;IA\RT ;;ec|S|ontargetmgofautoantlgen SpeCIf' C { ‘
B cellsinmuscle-specific tyrosine .
kinase myastheniagravis with chimeric M SK+ MG
autoantibody receptor T cells o
aMuSK S - N
Agrin ACh B cell . :
M SK - = '“;”" Nalm-6 mixed: anti-lg1/lg2/ig3/Fz
¥ AART e mary human 13-3B5/3-28/24C10/192-8(low) 13-3B5/3-28/24C10/4A2
: Al;) \h\\ § '
= YN. AFLp S = e
| e — p-
| :
I NTD-T CART-19 MuSK-CAART  NTD-T CART-19  MuSK-CAART
|
I
: U.S. Food and Drug Administration
i Grants Cabaletta Bio Fast Track
1 Vol Designation for MuSK-CAART
Muscl L\P 1 S AChR clustering _
uscie i\ ;] (Cabaletta Bio, NCT05451212, 2022-2028)

» Oh et al, Nature Biotechnology (2023)
 https://clinicaltrials.gov/study/NCT05451212



NSG xenograft mouse model:
Advantages and disadvantages for evaluation of MuSK-CAART

Advantages Disadvantages

» Allows testing of the clinical product, MuSK-CAART

* Anti-MuSK Nalm-6 target cells are similar to those found in
MuSK MG patients (epitopes and antibody affinities)

» Tumor model (rate of CAART cytolysis must
exceed the rapid growth of the Nalm6 targets)

 Circulating anti-MuSK antibodies present
* 100% target cells in the model are MuSK-reactive,

whereas MuSK-reactive B cells are rare in MG

+ Sensitive tracking for clone elimination by bioluminescence
imaging

» High level of sequence homology between human and
mouse MuSK for toxicology studies




Syngeneic MuSK experimental autoimmune MG (EAMG):
Mimicking autoimmune physiology of MuSK MG patients

C57BL/6

MuSK Ab -

Immunization
with MuSK protein

@

MuSK Ab +

Treatment with
Mouse T cells

MuSK Ab ?

&-@

Advantages

« Lower frequency and number of anti-
MuSK target cells (less than 1%)
compared to a tumor model

» Polyclonal serum anti-MuSK antibodies
like human MG patients

« Xenogeneic rejection is not expected




Anti-MuSK antibody titer was specifically decreased in MuSK-CAART treatment

« 1D3 is anti-mouse CD19 clone, targeting CD19+ B cells
« 1D3-CART treated mice (blue) showed decreased serum IgG level as well as decreased anti-MuSK Ab level

C57BL/6

Immunization
. . Before treatment After treatment
with MuSK protein
A. B.
ns Anti-MuSK Ab titer Total mouse IgG
99 ns ns 10= 2.5
g 24 ° = —~ 20=  NTD-T .
Set1 Set2 X 5 ] 53 5% MuSK-CAART ”
E 8= ST 15—
NTDT @ @ = 20t @ G 2 G e
= 52 £
) = o = —
1D3-CART W ?.E 21— : M. . LL?E LL% 1.0
ﬁ ?-2_ ‘.-'. . - =
MuSK-CAART A £ ** 2 -t 0.5
Z 2 ; L
9+t 0 T T T 1 0.0 | B R E—
Pre-treatment 0 1 2 3 4 5 0 1 2 3 4 5
Weeks after treatment Weeks after treatment

« CD19-CART: Targeting most B cells expressing CD19 via an anti-CD19 Ab

« MuSK-CAART: Specifically targeting anti-MuSK BCR+ B cells using theMuSK autoAg




Leveraging European Strengths in CAR-T for Collaborative Innovation

Key European Strengths in CAR-T

+ Advanced GMP infrastructure for cell therapy production European Expertise

+ Pioneering autoimmunity clinical trials Clinical Trials

+ Leading expertise in allogeneic and iPSC approaches

+ Sophisticated regulatory frameworks for advanced therapies AL

+ Strong cross-border collaborative networks Target Discovery

Autoimmune Models

Our Research Focus Areas Regulatory Pathways

+ CAR-T.BIiTE: Dual-+targeting strategies for enhanced efficacy

*

*

*

CAAR-T: Chimeric autoantibody receptor T cells for autoimmunity

CAR-Macrophage: Innate immune cell engineering for solid tumors

v J

Collaborative Goals

Novel Platforms

Clinical Translation

Expanded Indications

Enhanced Safety

Patient Access

Integrating complementary expertise for accelerated development,

regulatory approval, and improved patient outcomes

Al-driven CAR-Treg: Machine learning optimization of regulatory T cells

"We seek partnerships to translate next-gen CARCAAR platforms into impactful, patient-centered therapies."
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