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Time(KST)

08:30~09:00 Registration
Jee, Young-mee
. (Commissioner, Korea
Welcoming Remarks(KDCA) Disease Control and
Prevetion Agency)
Park, Hyun-Young
09:00-09:15 Opening Remarks(KNIH) (Director, Korea National

Institute of Health)

Congratulatory Remarks(KNID)

Jang, Hee—-Chang
(Director, Korea National
Institute of Infectious
Diseases)

09:15-09:25

[Keynote speech 1]
Development Strategies and Plans for the Therapeutics within 100/200
Days in Preparation for the Novel Infectious Disease Pandemic

Kim, Kyung-Chang
(Director, KNIID Emerging
Virus Research Center)

09:25-09:35

[Keynote speech 2]
Development Strategies and Plans for the Vaccines within 100/200 Days in
Preparation for the Novel Infectious Disease Pandemic

Lee, Yoo—Kyung
(Director, KNIID Vaccine
Research Center)

Session 1. Ch

aracteristics of Emerging Infectious Diseases and clinical studies

Chair: Park, Man—Seong(Professor, Korea University)

09:35-09:50

Age—depedent differential pathogenesis of SFTSV infections

Choi, Young-Ki
(Director, Korea Virus
Research Institute)

09:50-10:05

Deglycosylation of human influenza A virus (H3N2) hemagglutinine increases
virulence in mice.

Choi, Jang—-Hoon
(Research officer, KNIID)

Kim, Min—kyung

10:05-10:20 | Clinical presentation and viral shedding in patients with Mpox in South Korea (Professor, National
Medical Center)
10:20-10:35 Long COVID Research Project in South Korea : What we've learned about (Préltaeisg?,_ﬁglkl)ym
long COVID University)
10:35-10:45 Q&A
10:45-11:00 Break
Session 2. Current status and strategies for the development of therapeutics for Emerging Infectious Diseases

Chair: Kim, Ki-Soon(Professor, Korea University)

11:00-11:15

Platforms & Tools to Enable Rapid Pandemic Response

Dimitri Lavillette
(Chief Scientific Officer,
Institut Pasteur Korea)

11:15-11:30

Development of SARS-CoV-2 S2 Targeted Vaccines and Therapeutic
Antibodies

Cho, Eun-Wie
(Director, Korea Research
Institute of Bioscience and

Biotechnology)

11:30-11:45

Lessons from COVID-19 for the development of antiviral drugs

Han, Soo-Bong
(Director, Korea Institute
of Chemical Technology)

Kim, Woo-Youn
(Professor, Korea

11:45-12:00 | Acceleration of drug discovery with Al Advanced Institute of
Science and Technology)

12:00-12:10 Q&A

12:10-13:00 Lunch




Session 3. Outstanding Achievements in the Development of Vaccines for Emerging Infectious Diseases

Chair: Seong, Baik—Rin(Professor, Yonsei University)

Rapid screening of target antigenic sites for SARS-CoV-2

Pyun, Jae—Chul

13:00-13:15
vaccine development using Fv-antibody library (Professor, Yonsei University)
13:15-13:30 HAs—-NAu strategy for the development of better influenza Kim, Jin-ll
' ' vaccines (Professor, Korea University)
Kim, H Guk
13:30-13:45 | SFTS mRNA Vaccine Research and Development m ye.on y
(Research officer, KNIID)
Wang Linfa
(Professor,
DUKE-NUS, Singapore
13:45-14:00 Broad Spectrum Vaccine and mAbs for Sarbecoviruses Executive Director for th?
Programme for Research in
Epidemic Preparedness and
Response (PREPARE),
Singapore)
14:00-14:10 Q&A
14:10-14:25 Break

Session 4. Current Status and Strategies in the Development of Vaccines for Emerging Infectious Diseases

Chair: Hong, Kee-Jong(Professor, Gachon University)

Yeom, Jeong-Seon

14:25-14:40 Vaccine adjuvant platform
A 2 (CEQ, CHA Vaccine Institute)
Jinan Shin
14:40-14:55 | SKY mRNA Platform for Prophylactic Vaccine Development : : o
(Vice President, SK biosciece)
Kim Seok-Kyu
14:55-15:05 |Research and Development Strategy for RSV Vaccine i : v :
(Director, U Biologics)
15:05-15:15 Strategy to develop effective multivalent COVID-19 vaccines Kang, Chang-Yul

against emerging variants based on adenovirus vector platform

(CEO, CELLID)

Panel Discussion

Chair: Seong, Baik—Rin(Professor, Yonsei University)

Q&A and Future Collaboration Prospects
(Therapeutics)

16:16-15:656 | - Kim, Kyung-Chang, Dimitri Lavillette, Han, Soo-Bong, Kim, Woo-Yeon
(Vaccines)
- Lee, Yoo-Kyoung, Yeom, Jeong-Seon, Kim Seok—-Kyu, Kang, Chang—Yul
Jang, Hee—Chang
15:55-16:00 Closing Remarks(KNIID) Cieeiet, (o2 el

Institute of Infectious
Diseases)




Welcoming Remarks(KDCA)

Youngmee Jee

Commissioner

Korea Disease Control and Prevention Agency

Q EDUCATION:

Ph.D, Virology, University of London, United Kingdom, 1997

Diploma, Medical Microbiology, University of London, United Kingdom, 1988
MD, Seoul National University Medical School, Republic of Korea, 1986

Q@ WORK HISTORY:

O Public Sector

Commissioner
Korea Disease Control and Prevention Agency

December 2022-Present

Director-General

Center for Infectious Disease Research, Korea Centers for Disease Control and Prevention,
Ministry of Health and Welfare

May 2017-October 2019

Director-General

Center for Immunology and Pathology, Korea Centers for Disease Control and Prevention,
Ministry of Health and Welfare

October 2014-May 2017

Regional Coordinator

Expanded Programme on Immunization, Western Pacific Regional Office,
World Health Organization (WHO)

August 2007-October 2014

2024
SEHAE SHAITIS



Director

Hepatitis and Polio Viruses Team, National Institute of Health,
Ministry of Health and Welfare

October 2005-August 2007

Director

Division of Enteroviruses, Department of Virology, National Institute of Health,
Ministry of Health and Welfare

December 2003-October 2005

Deputy Scientific Director

Division of Enteroviruses, Department of Virology, National Institute of Health,
Ministry of Health and Welfare

July 1997-December 2003

O Private Sector

Chief Executive Officer
Institute Pasteur Korea
January 2021-December 2022

President
Korean Society for Microbiology
January 2021- December 2021

Special Advisor to the Prime Minister
Health Affairs
November 2020-April 2021

Visiting Professor
Graduate School of Public Administration, Seoul National University
June 2020-May 2021

Special Representative for Health Diplomacy
Korea Foundation
April 2020-Present

Member
WHO International Health Regulation Emergency Committee on COVID-19
January 2020-Present



President
Korean Society of Infectious Diseases
December 2017-November 2019

Member
WHO Strategic Advisory Group of Experts for Immunization (SAGE)
April 2017-April 2020

Member
Board of Trustees of the International Vaccine Institute (IVI)
January 2016-December 2019

AWARDS:

President’s Service Merit Medal
2017

Prime Minister's Commendation
in recognition of the contribution to infectious disease management projects
2005



Opening Remarks(KNIH)

Hyun-Young Park

& Director (Deputy Minister)
& Korea National Institute of Health

Q EDUCATION:

0 2000 Yonsei University College of Medicine (Ph.D.)
01995 Yonsei University College of Medicine (M.S.)
01990 Yonsei University College of Medicine (M.D.)

Q PROFESSIONAL EXPERIENCE:

0O 0O 6 0 0O 0O 06 0O 06 0 0 O o

2023 ~
2020 ~
2018 ~
2017 ~
2012 ~
2011 ~
2008 ~
2005 ~
2002 ~
2004 ~
2000 ~
2000 ~

Present Director, Korea National Institute of Health

2023 Director, Department of Precision Medicine, KNIH

2020 Director, Center for Genome Science, KNIH

2018 Director, Division of Cardiovascular Diseases, KNIH, KCDC

2023 PI, National Research Program for Women's Health

2014 Team leader, National Center for Medical Information and Knowledge TF
2014 Team leader, Clinical Research Coordination TF

2017 Director, Division of Cardiovascular & Rare Diseases, KNIH, KCDC
2003 Research Associate, Duke University Medical Center, USA

2005 Assistant professor of Cardiology (Dept. of internal medicine)
2002 Assistant professor of Cardiology (Dept. of internal medicine)

2005 Assistant professor, Yonsei Cardiovascular Research Institute

1998 ~ 2000 Instructor, Yonsei Cardiovascular Research Institute, Yonsei University College

of Medicine
199 ~ 1998 Research Student, Department of Clinical Pathology, Shimane Medical University,

Japan
1995 ~

1996 Research fellow, Cardiology division, Yonsei Cardiovascular Center, Yonsei

University College of Medicine

1990 ~

1995 Resident, Department of Internal Medicine, Yongdong Severance Hospital



Congratulatory. Remarks(KNID)

Hee—Chang Jang

": ~ ' @ National Institute of Infectious Diseases (NIID), Korea
National Institute of Health (KNIH), Korea Disease

b

——

Control and Prevention Agency (KDCA)

-
4 7

@ Director, National Institute of Infectious Diseases (NIID)

Q EDUCATION:

O 2017 Chonnam National University, Ph.D
O 2005 Seoul National University College of Medicine, M.M.Sc
© 2000 Seoul National University College of Medicine, M.D.

Q PROFESSIONAL EXPERIENCE:

© 2020 ~ Present Director, National Institute of Infectious Disease

0 2017 ~ 2019 Post-Doc/Research Fellow, Harvard Medical School / Massachusetts
General Hospital

0 2009 ~ Present Professor (tenured), Infectious Disease, Chonnam National University
& Chonnam National University Hospital

O 2008 ~ 2009 Fellow, Infectious Disease, Seoul National University Hospital

© 2000 ~ 2008 Volunteer Doctor, Korea International Cooperation Agency (KOICA)

O 2000 ~ 2015 Intern & Resident, Internal Medicine, Seoul National University Hospital
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Keynote speech 1

Kyung—Chang Kim

@ Division of Emerging Virus & Vector Research
Center for Emerging Virus Research
Korea National Institutes of Infectious Diseases

& Director of Division

Q EDUCATION:

0 2000 B.Sc. (Molecular Biology), Pusan National University
02002 M.Sc. (Molecular Biology), Pusan National University
02011 Ph.D. (Molecular Biology), Korea University

Q PROFESSIONAL EXPERIENCE:

0 2020 ~ Present Division Director,
Division of Emerging Virus & Vector Research
National Institutes of Health, Korea DCA
0 2021 ~ Present Director of Therapeutics Research and Development Team,
Central Disease Control Headquarters Treatment and Vaccine Development Task Force
0 2018 ~ Present Board Member, Korean Society for AIDS (2018~)
Board Member, Korean Society for Virology (2022~)
0 2012 ~ 2015 Post.doc follow, University of Northwestern, U.S
0 2004 ~ 2020 Senior Staff Scientist & Staff Scientist
Korea National Insitutes of Health (KNIH)




Q Topic

R&D Strategies and Plan for 100/200 Days Therapeutics
Development in Preparation and Response to Emerging
Infectious Disease

Q Abstract

After entering the 21st century, various infectious diseases have been occurring
almost every 1-2 years. With the advancement of transportation and the increase
of international travelers, the inflow possibility of emerging infectious diseases is
gradually increaed. The COVID-19 pandemic has led to large—scale casualties,
emphasizing the government's role in the development of treatments and vaccines
around the globe. During a pandemic outbreak, treatment serves as the best
means of protecting the population until vaccines are secured. To effectively
responding future infectious disease outbreaks, proactive preparation and
development strategies for therapeutics are urgently needed. Therefore, the KDCA
has collaborated across ministries to plan a “Mid- to Long-Term Preparedness and
Response Plan for Emerging Infectious Disease” and has devised concrete
implementation measures. Through this plan for emerging infection, we introduce

present development strategies for priority pathogens for next pandemic.
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Q Topic

Age—depedent differential pathogenesis of SFTSV infections

Q Abstract

Dabie bandavirus (severe fever with thrombocytopenia syndrome virus [SFTSV])
induces an immunopathogenic disease with a high fatality rate; however, the
mechanisms underlying its clinical manifestations are largely unknown. In this
study, we applied targeted proteomics and single—cell transcriptomics to examine
the differential immune landscape in SFTS patient blood. Serum immunoprofiling
identified low-risk and high-risk clusters of SFTS patients based on inflammatory
cytokine levels, which corresponded to disease severity. Single—cell transcriptomic
analysis of SFTS patient peripheral blood mononuclear cells (PBMCs) at different
infection stages showed pronounced expansion of B cells with alterations in B-cell
subsets in fatal cases. Furthermore, plasma cells in which the interferon (IFN)
pathway is downregulated were identified as the primary reservoir of SFTSV
replication. This study identified not only the molecular signatures of serum
inflammatory cytokines and B-cell lineage populations in SFTSV-induced fatalities
but also plasma cells as the viral reservoir. Thus, this suggests that altered B-cell

function is linked to lethality in SFTSV infections.
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Q Topic

Deglycosylation of seasonal influenza virus (A/H3N2)
hemagglutinine confers infectivity and pathogenicity during
mouse adaptation

Q Abstract

Pandemic Influenza A viruses (IAVs) occasionally cross the species barrier through
either host adaptation or genetic reassortment. Understanding the viral genetics
that underlie virulence and cross—species transmission is critical for designing
durable vaccines and therapeutics. In our previous work, we successfully
established a mouse adapted strain (maSW293) from seasonal influenza A/H3N2
virus (A/Switzerland/9715293/2013). Unlike the parental strain, maSW293 exhibits
infectivity and pathogenicity in mice. Pathogenicity analysis using recombinant
viruses revealed that hemagglutinin (HA) plays a pivotal role in infection and
mortality in mice. Notably, three identified mutations (N160D, T183A, N262T)
within the HA sequence have the potential to induce deglycosylation in the
globular head domain.

The analysis of mouse pathogenicity using recombinant viruses revealed the
significant contribution of HA mutations to both infection and mortality in mice.
Each virus carrying the deglycosylation mutation exhibited infectivity in mice.
Notably, mice infected with the triple mutant virus exhibited a significantly reduced
survival rate compared to the wild-type virus. Consequently, infection with the
mutant viruses led to severe lung pathology and elevated induction of
inflammatory cytokine and chemokine. Interestingly, the triple mutant virus
exhibited not only enhanced a-2,6pism. Additionally, mutant viruses carrying the
T183A and N262T mutations showed reduced NA activity, suggesting a potential
contribution to viral fitness during host adaptation.

Collectively, the finding from this study suggest that the deglycosylation of the
globular head of the HA can enhance pathogenicity and facilitate cross—species
adaptability in mice. This is likely achieved through alterations in receptor binding
affinity and NA activity.
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Deglycosylation of human influenza A virus (H3N2)

hemagglutinin increases virulence in mice

Jang-Hoon Choi
Center for Emerging Virus Research, National Institute of Infectious Diseases,
Korea National Institute of Health
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O National Institute of Health
Republic of Koroa

2024 IDRIC

Influenza virus

* Orthomyxoviridae family
* (-)ssRNA virus, 8 segmented RNA
* Current seasonal influenza viruses: A(H3N2, H1N1), B(Vic/Yam)

* Infects up to 20% of the population each year
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H1N1 H2N2 H3N2 H1N1
1918: “Spanish Flu” 1957: “Asian Flu” 1968: “HongKong Flu” 2009: “Swine Flu”
A(HIN1) A(H2N2) A(H3N2) A(H1IN1)
50 -100 M deaths 1-4 M deaths 1-4 M deaths 0.1-0.5 M deaths
Credi 175 Nathonul Musrem of Healts sad ok ? [+
Medacine = Walter N, Harrington et al., EMM, 2021
O National Institute of Health
Republic of Korea
2024 IDRIC

Risk Assessment Tools

IRAT (CDC, 2011) TIPRA (WHO, 2016)

- Genomic variation + Genomic characteristics

* Receptor binding virology B Receptor binding properties
* Transmission in lab animals + Transmission in animal model

= Antivirals and treatment options

* Population immunity
» Disease severity
» Human infection

» Existing population immunity
seoi=ige  « Disease severity and pathogenicity
= Antigenic relationship to vaccine candidates

= Global geographic distribution
= Infections in animals Health

= 2 e = Infections in animals
+ Human infections and transmission

IRAT: Influenza Risk Assessment Tool
TIPRA: Tool for Influenza Pandemic Risk Assessment

O National Institute of Health
Republic of Korea

+ Susceptibility to antiviral treatment

Animal + Geographic distribution in animals
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2024 IDRIC
Animal models for influenza study
Low price
Presence of clinical signs
Usually requires viral
L High price
High price ) - Presence of clinical signs
|Presence of clinical signs 4 i Allow viral transmission
h Mice Hi -
Horssa \ / Ferrets
ESthERUC i ) Animal models for
Presence of cinicalsigns | 7 " | Influenza antivirals ¥
IR o0 Lo Dl o hurman primates Golden Syrian Hamsters
P g
: Ly
I
i Gui Pigs No clinical signs
LI | Allow viral transmission
Low price . i
5 s Chickens C =)
Allow viral transmission Cotton rats
Low price
Presence of clinical signs
FEBS Open Bio, Vol 12, 22 April 2022
O National Institute of Health
Republic of Korea
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Experimental mouse adaptation
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A/Switzerland/9715293/2013 (H3N2)
{15-16 Vaccine strain)
masWw293
by, =
¢ §
- # -
- “u Infection
[ 2 ¥ o
Serial Lung-Cell-Lung passage over time
O National Institute of Health
Republic of Korea
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Generation of mouse adapted(MA) H3N2 virus

Virulence of H3N2 MA strains Amino add substitutions idendified in H3N2 MA strains
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O National Institute of Health Choi et al., PLOS ONE, 2020
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Amino acid substitutions of maH3N2 virus

PB2 { PA II Il HA II II NA II i NP |—
M86l, V421F, K18Q, A144T,
F323L K609R, Y713H N160D, T183A, S331R D34N
F209S, N262T
HA mutation |

Hemagglutinin glycosylation

1) HA Immunogenicity
Escape Humoral Immunity (Abs Shielding)
Protein folding

.+ 2) Viral Virulence

Receptor binding
Avoid Innate immune response (C-type Lectin)

v

O National Institute of Health
Republic of Korea

Altman et al., host-Microbe Biology, 2019
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Generation of mutant viruses (Reverse-Genetics)

©

National Institute of Health
Republic of Koroa
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Pathogenesis of recombinant maH3N2 viruses
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Pathogenesis of recombinant maH3N2 viruses
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Pandemic and HA glycosylation
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Plaque morphology

Gel mobility shifts
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Biological characterization of
Deglycosylated mutant H3N2 viruses
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Pathogenesis of mutant H3N2 viruses in Balb/c mice
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Pathogenesis of mutant H3N2 viruses in Balb/c mice
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Pathogenesis of mutant H3N2 viruses in Balb/c mice

Host gene expression
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Pathogenesis of mutant H3N2 viruses in Balb/c mice

Histopathological lesions and IHC of mouse lung tissue
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Antigenicity change
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5.

Summary

Human H3N2 virus HA was deglycosylated during immune naive mouse adaptation
Deglycosylatin of HA confers viral infectivity and pathogenicity in mice.
Deglycosylation of HA altered receptor affinity and NA activity for viral fitness.
Glycosylation of HA affects H3N2 virus antigenicity .

These data could be useful for pandemic virus risk assessment and vaccine design.

O National Institute of Health
Republic of Koroa
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2024 International Symposium for Infectious
Diseases Research Institutes Cooperation

Clinical Presentation and Viral Shedding
in Patients with Mpox in South Korea

Min-Kyung Kim
National Medical Center

Outline

» Background - Global mpox outbreak
» Study methods

* Results (1) - Clinical presentation

* Results (2) - Viral shedding

» Discussion

» Conclusion
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Mpox

* Mpox(formerly Monkeypox), a zoonotic illness caused by the
monkeypox virus, an orthopoxvirus and close relative of variola
virus (smallpox).

* The clinical syndrome is characterized by fever, rash, and
lymphadenopathy.

* Complications can include pneumonitis, encephalitis, and
secondary bacterial infections.

* Mpox has affected rural communities in west and central Africa
since the first human case was reported in the DR Congo in 1970. g\

Clinical presentation of monkeypox
source: Lancet 2022; 400: 661-69

Z2175010|2 Q)
?uao_\ﬂd » Ann Med Surg (Lond). 2022 Jul; 79: 104069,

Mpox Outbreak-global situation

* However, since detection of monkeypox virus transmission outside endemic areas
(UK) in May 2022, a large multi-country mpox outbreak has occurred.

6,000
@ WHO Region
§ s
g 4000 Americas
z Eastern Medilerranean
5]
5 Europe
'g Southeast Asia
é 2,000 | Western Pacific
0
https//www.cde.gov/poxvir
Week of Report us/mpox/cases-
data/technical-
= =029 | Weekly new monkeypox cases by WHO region globally as of September 23, 2022. report/report-3.htm/
natienal medical center '
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Mpox Outbreak-global situation

WHO Director-General declares
the ongoing monkeypox outbreak
a Public Health Emergency of
International Concern

23 July 2022 | News release | Reading time: Less than a minute (51 words)

On July 23, the WHO Director-General declared the escalating global monkeypox outbreak a Public Health
Emergency of Intemational Concem (PHEIC). Currently, the vast majority of reported cases are in the WHO

European Region. WHO/Europe remains committed to parinering with countries and communities to address the
outbreak with the required urgency.

World Health Organization director general Tedros Adhanom Ghebreyesus, shown in Geneva last year,
declared monkeypox a global emergency on Saturday, despite a lack of consensus among members of WHO's
emergency committee. (Salvatare Di Nolfi/Keystone/The Associated Press)

o

2Y5YEY }

nal modical center

Mpox Outbreak- in South Korea

* In Korea, the first mpox case was
confirmed in June, 2022. The
patient had a travel history to
Europe (Germany).

* Subsequently, two more imported
cases and one needle stick injury
case were confirmed in 2022.
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Mpox Outbreak

* Although the number of mpox cases worldwide decreased from September
2022, Western Pacific region experienced late outbreak in 2023.

European Reglon

data as of 31 Oct 2023 17.00 CET weon
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Source: WHO
Date of notification

Mpox Outbreak in South Korea

* In South Korea, domestic outbreak occurred after the first locally acquired
case (the 6th case) was confirmed in April 2023.
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Purpose of study

» Still, understanding of in-vivo viral kinetics and infectivity is poor
and the clinical significance of prolonged viraemia and skin
shedding remains uncertain.

* This study aimed to describe the clinical characteristics and viral
dynamics of mpox cases who have been isolated in a referral
hospital.

Methods

* Study design: a prospective observational cohort study

* Participants: hospitalized patients with confirmed mpox in the National Medical
Center in South Korea between September 1, 2022, and June 15, 2023

* Patients who consented to participate were included
* Epidemiological and clinical characteristics were reviewed.

* Swabs were collected from the oropharynx (OP), anogenital lesions (AL) and skin
lesions (SL) on hospital days 1, 2, 4, 7, 10, 13, and 21.

* Blood samples were collected on hospital days 1, 7, and 14, and during follow-up
visits after discharge
» Sampling schedules were modified according to each patient’s condition and date of discharge.
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Results

Demographic and clinical characteristics of participants (n=18)

Baseline characteristics
Men, n(%)
Age (years), median (IQR)
Imported cases from overseas travel, n(%)
Sexual contact before symptom-onset, n(%)
Homosexual contact
Heterosexual contact
Denied to report
Smallpox or mpox vaccination before diagnosis, n(%)
People living with HIV, n(%)
CD4 count, cells/uL, median (IQR)
History of previous syphilis infection, n(%)
Time from symptom onset to mpox diagnostic test (days), median (IQR)
Length of hospital stay (days)

n(%) (N=18)

17 (94.4)
325 (30-34.8)
2 (11.1)

13(72.2)
4(222)
1(5.6)

0(0)

9 (50)

547 (494, 692)
8 (44.4)

6 (5-7.75)

10 (6.25-11)

Baseline characteristics
Clinical presentation of mpox, n(%)
Fever
Myalgia
Inguinal lymphadenopathy
Headache
Genital lesion (penile, public, and female vulva)
Anal or perianal lesion
Other skin lesion (except ano-genital lesion)
Con-comittant infection
Sexually-transmitted disease
Peri-lesional cellulitis
Treatment
Tecovirimat
Antibiotics for syphilis or con-comittant STD
Famciclovir?
Pain killer
Antihistamine

n(%) (N=18)

n (%) (N=18)
14 (77.8)

11 (61.1)
7(38.9)
4(222)
14.(77.8)
14(77.8)

10 (55.6)

7 (38.9)
4(27.8)

13(72.2)
5 (27.8)
2 (11.1)
15 (83.3)
10 (55.6)
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J Korean Med Sci. 2024 Jan 29;39(4):e19
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Table 1. Demographic and baseline characteristics of the patients

Variables

JKMS

, Table 2. Clinical manifestation, diagnosis, and treatment of the patients

Age, yr, median (range)
Male
Nationality
Republic of Korea
China
Japan
Philippine
Taiwan
Russia
Vietnam
Race
Asian
White
Sexual orientation
Homasexual/bisexual
Unknown

HIV infection
Negative
Previously diagnosed
Newly diagnosed
Concomitant ST, No. of cases/No. of tested (%)
Neisseria gonorrhoage
Mycoplasma genitalium
Mycoplasma hominis
Ureaplasma species
Ureaplasma urealyticum
Ureaplasma parvum
Unknown species
Gardnerella vaginalis
Primary or secondary syphilis
Jynneos vaccination
PrEp
PEP
Vaccination after recovery from Mpox

f'-_._-_-"'ih
C Al patients (N = 60) :
T2(21.58) Variables

All patients (N = 60)

58(07) . Initial presenting symptoms
! Constitutional symptoms

54(90) | " )
1(z) Extragenital mucocutaneous lesions
1(2) Clinical symptoms
1) Fever (» 38°C)

Sweat
1(2
1 (2) Sore throat
@ Chills
1) Cough
Lymphadenopathy (all inguinal)
a8 ) Headache
1(2) Myalgia
Back pain

51(89) General weakness

9(19) Fatigue
Pruritis
35(s8) Conjunctivitis
18(30) Nausea/vomiting
7(1%) Anal pain or discharge
A (et Proctitis
i’:ii E:: Skin lesions
151(2) Initial skin manifestation
10/51 (20) Maculopapular
5/51(10) Vesiculopustular
4/51(8) Eschar
1/51(2) Site of skin lesions
4[51(8) Face
4/59(7) Trunk or limbs
4(m Palms or soles
1(2) A ital
20) nogenital area
12

Pain or mucacutaneous lesions in anogenital area

1 Korean Med Sci. 2024 Jan 29:39(4):e19

53(88)
28 (47)
29 (48)

13(29)
8(13)
16(27)
27 (45)
1(9)
9(15)
11(18)
93(38)
1(9)
6(10)
7(12)
12
1(2)
1(2)
7(12)
3(8)
60/(100)

36/(60)
49(82)
13(22)

28/(47)
48/(80)
91(35)
51(85)

PCR/culture positive rate by specimen

natienal modical center

2Ez00/29 )
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Detection of MPXV DNA and infectious virus shedding

Viral shedding by specimen
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Discussion
Viral dynamics in patients with monkeypox infection: @x®
a prospective cohort study in Spain o

An prospective, multicentre study
of mpox outpatients in Spain, June
28 - Sept 22, 2022.

Participants were asked to
collect samples from their skin
lesions, oropharynx, and blood
(dried blood spot) on days 1, 8, 15,
22, 29, and 57 after the screening
visit, and samples from their
rectum (swab), semen
(collection container), and
vagina (swab) on days 1, 15, 29,
and 57.
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Systematic Reviews

Viral load dynamics and shedding kinetics of mpox
infection: a systematic review and meta-analysis
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Limitations

» First, most participants did not have samples collected after discharge, we
could not determine the maximum duration of viral shedding.

» Second, the interval of sample collection and duration of follow up differed
among participants.

» Third, the number of participants and number of samples was relatively small.
However, we cultured all samples with positive PCR results, to maximize the
amount of data on viable virus from the available samples.

Conclusion

* Viral DNA was detected for up to 23, 19, and 15 days from symptom onset in AL,
SL, and OP samples, respectively and infectious virus was isolated for up to 15
days from symptom onset in all three sample types.
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Thank You
For Your Attention!

Any Questions

?

E-mail; mkkim@nmc.orkr
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0 2015 Ebola Emergency Relief Team (2nd Leader)

0 2004 ~ 2007 International Cooperation Volunteer (Kazakhstan) KOICA
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Q Topic
Long-COVID Research Project in Korea

Q Abstract

Overview:

* The NIID initiated a research project on the long-term sequelae of COVID-19
(long—COVID) in 2021.

* A consortium of Hallym University, Gachon University, and Seoul Asan Hospital is
conducting the research.

* The project period is from 2021 to the end of 2025.

Research Objectives:

* To investigate the epidemiology and characteristics of long—-COVID.

* To analyze the risk factors and prognosis of long—COVID.

* To develop treatment and management strategies for long—COVID.

Research Methods:

* A cohort of 10,000 individuals will be assembled to investigate the epidemiology
and characteristics of the disease.

* Clinical records of the cohort will be computerized and linked to Korean National
Health Insurance data to analyze the characteristics of long—COVID patients.

* Big data information from the Korea Disease Control and Prevention Agency
(KDCA) and health insurance information will be linked to analyze the nationwide
epidemiology of long—COVID.

* Clinical specimens from the established cohort will be utilized to study the
mechanisms of long—COVID, including cognitive impairment, chronic fatigue
syndrome, and respiratory complications.

G
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. Long COVID, post COVID condition -

research in Korea
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Hallym University College of Medicine
Dept of IM, Div. of Infectious Diseases
Jacob Lee

PASC
Long COVID




74

Continuum of post COVID-19 conditions

Acute COVID-19 (<4 weeks) Post-acute COVID-19 (4-12 weeks) Long COVID (=12 weeks) and Sequelae

'F'-\ Ongoing symptoms  Acute/subacute complications Long COVID Sequelae

% 1. 2219 olf A4l S/ oY 3219 583 7id 5. QOL quality of life.

P 21t 19 52 (LongcoviD) M= X| A 0 H| 210 2022

WHO definition : Post-COVID19 Condition

* Post-COVID Conditions, also known as long COVID, are
defined as symptoms that persist for at least 2 months after
the onset of COVID-19 symptoms, and cannot be explained
by other alternative diagnoses.




Definition

Different definitions of long COVID from different organizations:

UK NICE

— Ongoing symptomatic COVID-19: Symptoms or signs that persist for at least 4-12 weeks after diagnosis
and improve within 12 weeks.

— Post-COVID-19 syndrome: Symptoms or signs that persist for more than 12 weeks.

US NIH

— Post-acute sequelae of SARS-CoV-2 infection: Symptoms or signs that persist for more than 2 weeks
after acute COVID-19.

Korean Society of Infectious Diseases (Preliminary Recommendationsfor the Treatment
Guidelines for Long COVID, 2022)

— Post-acute COVID-19: Symptoms or signs that persist for at least 4 weeks after diagnosis and cannot be
explained by other diseases.

— Long COVID: Symptoms or signs that persist for more than 12 weeks.

N

Pathogenesis of long COVID

Acute infection Inflammatory phase

o Cytokine storm
Complications

QOrgan damage

ProlongedICU / hospitalisation

Alteredimmune o
status Sequalae of critical

illness
Comorbidities Non-specific effects of

Infection hospitalization

Deconditioning
Drugside effects/ Psychologicalissues
interaction \

Prolongedsymptoms

Long COVID




Long COVID is known to have about 200 different symptoms

Chronic COVID-19 syndrome is known to have about 200 different symptoms and presents with a wide range of
symptoms. The most common symptoms that can persist for up to six months include fatigue, post-exertional
malaise, and cognitive dysfunction.

Bl Bl BN S

BN N N

Davis H, etal. NatRev Microl 1{3):133-146. 2. Davis H, et &l. EClinicalMedicine 2021,38:101019

N

Long COVID-19 : cardiopulmonary involvement

BMJ 2021;374:n1648
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evelopment of a Definition of Post acute Sequelae
of SARS-CoV-2 Infection

Figure 1. RECOVER Adult Analysis Cohort

-
4295 Met World Health Organization criteria for

SARS-CoV- 2 within 30 d of infection enrolled
in the acute infected cohort

1375 Excluded
1319 Did not reach end of
window for at least
1 visit =6 mo after index
56 Did not start protocol

v

2920 Reached end of window for at
least 1 visit 26 mo after index?

v
2248 Attended at least 1 visit 26 mo after
index and started symptom survey
17 Pre-Omicron wave
2231 Omicron Wave

13 754 Adults enrolled as of April 10, 2023

v

7368 Met World Health Organization criteria for
SARS-CoV- 2 infection >30 d prior enrolled
in the postacute infected cohort

296 Excluded
207 Did not reach end of
window for at least
1 visit =6 mo after index
89 Did not start protocol

v

7072 Reached end of window for at
least 1 visit 26 mo after indext

¥
6398 Attended at least 1 visit 26 mo after
index and started symptom survey
3732 Pre-Omicron wave
2666 Omicron Wave

v

2091 Enrolled without infection in
the uninfected cohort?

744 Excluded

492 Did not reach end of
window for at least
1 visit =26 mo after index

219 On-study infection before
reaching end of window
for at least 1 visit 26 mo
after index

33 Did not start protocol

v

1347 Reached end of window for at least
1 visit 26 mo after index without an
on-study infection®

v
1118 Attended at least 1 visit 26 mo after
index and started symptom survey
292 Pre-Omicron wave (290 postacute cohort)
826 Omicron Wave (438 postacute cohort)

JAMA 2023;329(22):19341946.d0i:10.1001/jama.2023.8823




evelopment of a Definition of Post acute Sequelae
of SARS-CoV-2 Infection

Figure 2. Defining the Postacute Sequelae of SARS-CoV-2 Infection (PASC) Score and a Decision Rule

Table 2. Model-Selected Symptoms That Define PASC

[&] Optimal threshald for identitying PASC postivity [8] symptom frequencies
and Their Corresponding Scores”

PASC indeterminate PASC pasitive
Smell or taste —

malaise
Chrenic cough

Symptom Log odds ratlo Score
Smell/taste 0.776
Postexertional malaise 0.674
Chronic cough 0.438
Brain fog® 0.325
Thirst 0.255
Palpitations 0.238
Chest pain® 0.233
Fatigue® 0.148
Sexual desire or capacity 0.126
Dizzines 0121
Gastrointestinal 0.085

Brain fog*
Thirst

Chest pain® —
Fatique®
Sexual desire or capacity ——————————8

Dizziness s

Optimal threshold for
identifying PASC positivity

uninfected classified as PASC positive, %

Abnormal movements  ———a

Hair loss R ]
n 15 0 10 20 30 40 50 60 70 B0 50 100
Cutoff scare Frequency amang PASC-positive participants, 5

Abnormal movements 0.072
Hair loss 0.049

g Distribution of PROMIS Glabal 10 responses
PROMIS Global 10 Q2: PROMIS Global 10 Q3: PROMIS Global 10 Q6: ability to camry
general quality of life general physical health out everyday physical activities
Abbreviation: PASC, postacute sequelae of 5ARS-CoV-2 infection. Excellent T2 s excellent [15 | 6 ] 4 [ 4 l 1[0 Completely _ 15
? Least absolute shrinkage and selection operator was used to identify which Verygood L] 1|7 j|n Mosty |12 |17 1|25 2]
symptoms defined PASC. A symptom score was assigned by dividing the Good Ll ! it | 34 Moderately | 6 | 9 | 14 ] 20 £l
estimated log odds ratio by 0.10 and rounding to the nearest integer, For each Falr : Gl LR 8 L) Alitle 2 103 SR IRE i
person, the total score was defined as the sum of the scores for each symptom bocs 27 [ 1{1faleln mtal [elefolo 1
a pason reparted. 12 3% 70106 20 0 12 36 M6 el 0 12 36 M6 el
PASC score (quintile above 0), % PASC score (quintile above 0), % PASC score (quintile above 0), %

O e e e NN W W B N

© Additional severity criteria required (eTables 1and 2 in Supplement 3),
Noof 3951 1412 1106 1264 998 1033 Mool 3951 1412 1106 1264 898 1033 Mo.of 3951 1412 1106 1264 398 1033
participants participants. participants

JAMA.2023;329(22):19341946.d0i:10.1001/jama.2023.8823

evelopment of a Definition of Post acute Sequelae
of SARS-CoV-2 Infection

Figure 3. Identification of Postacute Sequelae of SARS-CoV-2 Infection (PASC) Subgroups
and Their Characteristics

[ A| symptom profile clusters

1.04

o
n

S
'S

Dissimilarity

Cluster

JAMA 2023;329(22):19341946.d0i:10.1001/jama.2023.8823
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Association Between Vaccination and Acute Myocardial
Infarction and Ischemic Stroke After COVID-19 Infection

Young-Eun Kim, PhD’; Kyungmin Huh, MD% Young-Joon Park, MD, MPH?; Kyong Ran Peck, MD, PhD?; Jaehun Jung, MD, phD*
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Correlation between COVID-19 vaccination and risk of sy §

myocardial infarction and ischemic stroke ¢ A

Association between vaccination and acute myocardial infarction and ischemic stroke after COVID-19:
Study design

Patients diagnosed with COVID-19

from July 1, 2020 to December 31, 2021
(592.719) Exclusion criteria:

No medical insurance information (3,786)
Re-infection (622)
Patients aged under 18 (96,388)
Foreigner (2,253)

People vaccinated with Janssen (15,116)
Covid-19 diagnosis before or <7 days after the
second vacemation (185,015)
Outcome events <3 months before COVID-19
diagnosis (6,878)

COVID-19 diagnosis after death (589)
Single dose of vaccine (20,567)
Hospitalization for COVID-19 for =30 days (1,150)

Not vaccinated (62,727) Fully vaccinated (168,310)

1. Around 590,000 patients aged =18 years who were diagnosed with COVID-19, between July 2020 and December 31, 2021 were targeted.
2. Atotal of 231,037 patients with COVID-19 were included, of whom 62,727 were never vaccinated and 168,310 were fully vaccinated

3. Compared the risk of AMI and ischemic stroke that occurred 31-120 days afier COVID-19
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myocardial infarction and ischemic stroke G S

Correlation between COVID-19 vaccination and risk of ~ # cuusese §

Assaciation between vaccination and acute myocardial infarction and ischemic stroke after COVID-19:
Baseline characteristics

wwelghted population ‘Welghted population

Not vaceinated  Fully vaccinated  Standardized Not vaccinated  Fully vaccinated  Standardized

differenice diffircnce
62,727 168310
79,176 (17.04) 0029 151 0,042
§9.134 (52.96) 5449
i 513 (17.1) 0504 53.4.(203) 0,087
2EAGT (15.38) 36,414 (21.65) 3039 20,50
20083 (3835) 80,647 (4792) 971 1666
10,097 ( 31,219 (30.43) 9.9 2651
I308(527) 6310375 0074 v 424 ol
0[0.2) 1[0.2)
4001 (638) 11792 (T.00) 0.025 726 687 0015
44T (1) 19929 (11.84) 0.161 917 1106 10,063
6782 (1081) 37166 (22.08) 0308 20.07 19,03 0.029
2054 (359) 13618 (5.09) 0.193 425 757 0141
909 (1.45) 2704 (161 0.013 129 L4 0.062
N ) 5,298 (3.15) 0.289 1245 7] 0,399
3514 (5.60) LT72{105) 0.276 832 09 0397

1. Patients who were never vaccinated were younger and less comorbidities. However, there was differences in COVID-19

severity rates

2

After weighting, there was no significant differences in sex, age, insurance plan and comorbidities

Correlation between COVID-19 vaccination and risk of sy §
myocardial infarction and ischemic stroke aer e

Association between vaccination and acute myocardial infarction and ischemic stroke after COVID-19:
Risk assessment
Incide )

iher 1,000,000 1 Adjusted HR (93% CI)
Not vaccinated Fully vaccinated Not vaccinated Fully vaccinated
(62.727) (n=168.310)
3l bl 618 549 0,12 (0.29-0.62) 0,001
8 % 160 L78 048 (025-0.94) 0m
2 50 1.59 an 040 (0.26-0.63) =0.001
ale ) 17 A8 6.98 7.59 041 (0.26-0066) <0.001
14 26 S44 363 042 (023 0.7) 0.004
i i 548 319 038 (0.20 0.7 0.004
E M0 51 1399 1242 0141 (0.26-0.66) <0001
il
25 56 522 445 0,40 (0.26-0.60) <0 001
E 6 18 2504 19.79 0.54 (024 122) 014
[ Dinbetes |
n 46 489 387 0.38 (0.24 061) <0.001
§ 78 2629 17.58 047 (0.25-0.91) 0.03
E 20 6 141 130 0,50 (0.31-0.80) 0.008
11 28 2311 1090 0,34 (0.18-0.62) <0.001
26 67 524 505 0.44(0.20-0.65) 0,001
EE 5 7 97.35 33.26 133 (0.10-1.07) 0.06
n 65 502 5.00 .37 (0.25-0.55) =0.001
1436 1851 066 (0.20-2.23) 051

1. Alower risk for outcome events in fully vaccinated patients was observed in most subgroups

2. Reduced risk of AMI and ischemic stroke by 0.37 in vaccinated group, even in mild and severe COVID-19
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Death

Hospitalization

Death or
hospitalization

No. at risk
No treatment
Nirmatrelvir
Cumulative No. of events
Ne treatment
Nirmatrelvir

|c| Hospitalization

No. at risk
Mo treatment
Nirmatrelvir
Cumulative No. of events
Mo treatment
Nirmatrelvir
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Korean Long COVID-19 Cohort
www.KOLOC.or.kr

Chronic COVID-19 Syndrome Research and D
evelopment Project in Korea

KDCA driven efforts to establish scientific evidence for identifying the causes and treatments of persistent symptoms following
COVID-19 infection

Glinical-based post-COVID-19 sequelae patterns and
guideline operation

Research on Chronic COVID19 syndrome based
on big data Translational research on Chronic COVID-19 syndrome

Research period: August 2022 - December 2025
Participation is possible regardless of COVID-19 diagnosis status.




Clinical-based Chronic COVID-19 syndrome
pattems and guideline operation

EEIDEEE
EA CIARH 2

*treatment guideline soon to be

Establish and operate a cohort of COVID-19 cases, annorced s

including children and adolescents, to investigate
patterns of post COVID-19 syndrome and to provide
treatment guidelines

Research on Chronic COVID19 syndrome based on
big data

* Establish a database of consent-based
materials such as clinical research and
translational research, and developing a platform for
their utilization

g - F prmaei
G [ B

Hnuigm Bumam [T R
Translational research on Chronic COVID-19
syn i [ o ' EEEN e  prso

* Translational research to understand causes of chronic
COVID-19 syndrome, identify biomarkers, and more

Retrospective and prospective

Prospective cohort

0] A

COVID-19-negative cohort

Inpatient/severe patient cohort
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Total registration status

Long COVID Regisiration Status

e

# of Registration

Adults Children  Total
Retrospective 4167 312 4479
Prospective 1207 14 1221

Control 1246

3000

Hespitalization 116

Total

Cases by Symptom (English, Descending Order)

Fatigue

Sleep Disorder

Sputum

Muscle Weakness
Concentration Difficulty
Cough

Arthralgia

Nasal Congestion/Runny Nose
Myalgia

Hair Loss

Headache

Dizziness

Sore Throat

Palpitations

Menstrual Cycle Changes
Cognitive Dysfunction
Skin Rash

Constipation

Appetite Loss

Chest Pain

Anasmia

Dyspnea

Hearing Loss

Diarrhea

Ageusia

Abdominal Pain

Other

Chills

Vomiting/Nausea

Other Symptoms

Other Neurological Symptoms
Other Gastrointestinal Symptoms
Fever (Secondary)
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Long COVID Ciiical Guidelines =Y

© Lifjoristsl=2022474 3 F=LH19
S0 THSHofle| HI0ts E

ohy 221119 £5-2(Long COVID)
AEAH ofs] Augt

@ 0[710|=2RI2 T2 1O SFE0 CHSH LIt

210 ilEQI' E}adélﬂ:l 9_|EDHO|O| QHJ’ e PX|0|-_I' Preliminary guidelines for clinical evaluation and
0l X & el NS S8t T=S Flot0] HE EiXtS EemeeR et
S|

daizga)

iy

0 FUIVIHZ F2=LNIBRE KA s
76104 2023 =X S M oY

Long COVID A 244 7|u9l¢e]’

0 NE2 28537 |= /a2 offE

Long QOMD Long-tern Research Tracking Research Detzbese Concept ff‘

National Health Hospitals

Insurance System (Currently 15 hospitals involved) Public Big Data
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Data integration Long-term Follow-up

Establishment of a national Epidemic management
integrated database
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nterim analysis result of Post -COVID-19 syndrome using big data

Design of study: 15 Jan 2022to 15 Apr 2022. During the Omicron wave, 12,309,934 confirmed cases were observed for
4 months after the infection to compare the risk of 27 major diseases by vaccination status and number of doses.

Outcomes. 1

o Compared to the unvaccinated, those who have received two or more doses of vaccine have a reduced risk of

cardiovascular disease, blood clots, kidney disease, respiratory disease, cirrhosis, diabetes, and other diseases after
COVID-19infection.

Risk Assessment: Association between COVID-19 vaccination and development of illness

Cardiovascular Disease Respiratory Disease

meheandisuse Heartfallure  Archythmia ~ Cardiac arrest corp* |mersma\tungd|sem—|

Unvacci
.J uﬁr;v;:cw B 200ses0r more By # 2 Doses or mote

\nterim analysis result of Post -COVID-19 syndrome u
sing big data

+  Qutcomes. 2

+ Those who received three doses were at a reducedrisk of developing cardiovascular disease, kidney disease, e

0.85(0.77-0.93)
0.84 (0.76:0.93)

0.73 (0.60-0.89)

0.79 (0.680.93)

86 1



N

Analysis using chronic COVID-19 syndrome diagnosis codes

Design of study: Oct 2020-Oct 2022. Notable aspects of cases diagnosed with U09 [post-COVID-19syndrome]in Korea
Qutcomes:

(Overalland gender breakdown) Total patients 94,393, outpatient 21,593, inpatient 3,059

Incidence rafes are higherin women [0.47%] than men [0.34%)]

(Age) Higher incidence ratesin older age groups (60+)

Incidence rate is almost 8 fimes higher for those aged 60+ at 0.87% compared fo 0.11% for those under 10 years old

(Monthly) Highest long-covid cases defected immediately following the Omicron wave (23,112). One-month gap betwe
en the Omicron BA.1/2 and the highest long-Covid cases.

* Chronic neurological symptoms are commonly
reportedas a sequelae of COVID19(~20%)

Chronic fatigue cognitive

* Chronic fatigue and cognitive decline are the main / “’V”“”“B M@ e
symptoms, and they have a significant impact on '

quality of life. = Managementsuchas preventionand

treatmentis urgently neededin COVID19 patients. S '-°'(13A%%‘)"°

» The pathophysiologyis not yet known, and it can

2
. . o N ERR
occur even in patients who had no acute symptoms, . gy
autonomic
nervous disorder

. A

pain syndrome

especially in the acute phase. = Disease monitoring
biomarkers are needed to identify the mechanism of occurrence

R -~~~

Brain, 2021
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AMC PASC - Respiratory PASC
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Conclusion

The COVID-19 pandemic is the worst pandemic of the 21st century

COVID-19 is not simply an infection that ends with recovery, but is causing

long-term sequelae.

Korea is conducting research on a long COVID cohort by providing large-scale
research funds led by the government.

Currently, 4,500 cohort members have been registered and the
epidemiological data of patients will be analyzed

Joint research institutions are conducting research through big data-based
analysis and translational research
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Q Topic

Platforms & Tools to Enable Rapid Pandemic Response

Q Abstract

The recent COVID-19 pandemic has caused economic and social damage
worldwide and gives us considerable concerns about a new pandemic in the
future. Unlike other diseases, infectious diseases are very difficult to prepare for,
and they quickly begin to spread around the world before humanity prepares in
advance. Due to this, it is very difficult to fight a new strain of virus that appears
quickly and spreads rapidly by the method of developing a general treatment
applied to other diseases. A strategy for the development of potential treatments
by families of pathogens, using prototypes, can be implemented following different
priorities of different agencies. Infectious diseases progress through the process of
infection, spread and pathogenicity. Strategic approaches of treatment are applied
for each stage of progression. Therapeutic agents such as monoclonal antibodies
or variable domains of heavy-chain antibodies (VHH) being used for inhibiting
infection, and small compound inhibitory agents of viral replication are being used
as therapeutic agents that prevent the spread or amplification of pathogens after
infection. In addition, agents to control immune response against the pathogenesis
are being applied as therapeutics for infectious diseases to reduce the severity
and fatality rate. The prevention strategies with the elaboration of vaccines are
dramatically increasing as well. This presentation will discuss the development
strategies against infectious diseases that are investigated in the Institut Pasteur
Korea such as VHH derived from camelids and antiviral drugs in a preparedness

program.

98




Platforms & Tools to Enable

Rapid Pandemic Response
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5th Floor

Biological Safety Level 3 O
- HCS: Confocal mode >10,000 pts/day
- Multi-label Reader: >20,000 pts/day

Chemical Library

" " [IPK Diversity sets]

Biological Safety Level 2+ IPK Legacy: ~ 230K
] . IPK 2015:~ 100K

- HCS. Confocal mode >20,000 pts/day &1 S o ok
- Multilabel Reader: >25,000 pts/day

. ' g':u"g:i:"] [IPK Natural
Biochemical Bioactives: =12k hiooEl
- Multi-label Reader: >20,000 pts/day et {,
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RESPONSIVENESS : Task Force rapidly mobilizable, available people/reagents/models
What do we need to prepare for the next outbreak to do drug screening rapidly?

1. Pathogen Access 2. Cell lines
' m ' ? & r"“‘-:w-:éa:‘ - 2 Cell, Thssue, Organ, Grgan System,
s
; 20y . -- ﬂ‘*@ﬁ)ﬁ’ﬁ\
v i @ Y B N & | o —
o X% s R F 4%
3. Animal Models 4. Detection

Adult BE mice  BE AGE mice

AdutCSTBLG Adult Balble e\ ace (KOlFNﬁR

s (B mice blocking Ab

& . & @
a

5. Drug Library 6. Trained team, infrastructures and funds

5%’ 34
* Threat: During outbreak, regular channels, collaborators, close doors
“lockdown” prevent delivery of reagents...
Need to secure relative independance
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RESPONSIVENESS : Task Force rapidly mobilizable, available people/reagents/models
What do we need to prepare for the next outbreak to do drug screening rapidly?

1. Pathogen Access

Secure collaborative channels (Pasteur Network)

Secure regulations (Nagoya protocol, Korea - Biosafety team) Prioritizing the world’s greatest pathogen threats
e ow 1,400

Development of molecular clones (virus) 3

Biobank Import “prototypes” for different family of
pathogens

G""@' (: Fak i,

Global Infectious Disease Specimen Bank

GISB mail? Website?i#

Pathogens Biobank IPK
Liquid Nitrogen freezer room

P [ g et it et e

s et

p— et

. CAMADA RUSSIA
‘L.;vi FRANCE BELGIUM el
.‘ FF’“&E:. BULGARIA
o ¢ M’ G MERS-CoV SARS-CAV-2

ROME®

@
Chikungunya
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Kedougou

-

Close to a river Larvae collection

Students involved in the

Aedes aegypti

froma«troude  coflected on the field work
roche » sorting
Try to go beyond the WHO' s R&D Blueprint virus disease priority list {9

RESPONSIVENESS : Task Force rapidly mobilizable, available people/reagents/models
What do we need to prepare for the next outbreak to do drug screening rapidly?

1. Pathogen Access

0 Babanki virus @ Molecular tools

P i Sequences Synthetic genes Replicating virus
=g @ == > .Infectious clone (full length or ISA)
.Tagged replicating virus
T _Non replicative «virus » (RVP, PP)
§  ‘Virisisoktion - VLP and soluble protein
d (Institut Pasteur Dakar, — L
Senegal) g 1 B I I;
e S — iy — .'M."‘IE'“”
AR P = o S
o o - " o - v
Molecular clone Reporter virus Virus Like Retroviral
Native or tagged virus Particules (RVP) Particles (VLP) | | Pseudoparticles (PP)
: . Level 2 Level 2
Biosecurity: Level 3 Level 2 , ; ; .
Production: Difficult Quick, (flexible) SJ;HGK’ (fexibie) (E‘.:gy, Quch. fexbie
Immunogenicity: ~ wt wt
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RESPONSIVENESS : Task Force rapidly mobilizable, available people/reagents/models
What do we need to prepare for the next outbreak to do drug screening rapidly?

1. Pathogen Access 2. Cell lines
505 MY B i’é_\
o N s i A et W\
o 8 - R = REE

3. Animal Models
Adult B6 mice  BE AGS mice
AdutCSTBLG AdutBalble "[ienacte o iena

s (B mice blocking Ab W)

»® . & 4% .
a

Crpnm AL i On h Ehp

RESPONSIVENESS : Task Force rapidly mobilizable, available people/reagents/models
What do we need to prepare for the next outbreak to do drug screening rapidly?

2. Cell lines 3. Animal Models

Risk Assessment Studies:
Tropism and Pathogenesis
Vector Competence

Adult CSTBLAE  Adult Balbic B6 AGE mice :
IFNAR a/f Neonate mice
mice (B6) mice focking Ab (KO _If_NAR

Risk Assessment Studies:
Tropism and Pathogenesis
Vector Competence
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RESPONSIVENESS : Task Force rapidly mobilizable, available people/reagents/models
What do we need to prepare for the next outbreak to do drug screening rapidly?

1. Pathogen Access 2. Cell lines
? - m ' ? & -—:u—? Ty 2 |o-l.mmm0u-svm. s
P ° ( 4\
f ‘_ A ;‘9 & D
" Q " . ¥ e AT
3. Animal Models 4. Detection

Adult B6 mice  B6 AGS mice
+IFNARWB  (KOIFNAR
s (B mice blocking Ab W)

& . e 8
a

Adult C57BL/6  Adult Balb/e

Antibody development platforms

Antibody development considerations: Time, cost; diversity, affinity...

Conventional ]
antibody (IgG)
1.Library screening 1.Convalescent human
7 i (Or vaccinated).
150108 e R e Specific B cell cDNA; single B cell sorting.
“ ﬂ library
- J 2.Engineer related antibody 2.Rodent immunization
5010 25K Potentlial colrona\_firus nAb: Hybrldo ma; humanized mouse
Heavy chain- Mutation, bispecific, multivalence, appendant...
only antibody e . LI
ﬂ Phage display, affinity maturation... Llama/Alpaca - nanobody
ll l Fast, low cost, easy manipulation. Somatic hypermutation, V(D)) recombination.
e Nanobody® 12

104 1



Development of neutralizing nanobodies
and human monoclonal antibodies.

We reported different antibodies (MR3-Fc, DL4, DL28, FD20 and Ab08) against
SARS-CoV-2 isolated using RBD, and they show good neutralizing potential.

Synthetic nanobody Usual route for nanobody Human monoclonal antibody
selection against RBD

Sequencing
(99 unique sybodies)

isolated from convalescent of
COVID- 19 patlents

iii .

discovery by immunizing
camelid with RBD

n-um the Library Colomy Screes by ELISA

n- "’Mﬁi&" i

Borheno
Scrven Phage Display Library '.
IMW»
/_"‘_— =

I| H = I- “::‘* v VT o ‘.m H-m !mm-'um&ll W:“
I_}[ ]_ - [

AN S (|t s g a@ =

- ! R, RED-specific ¥b 'l H = R % @

Alinity and Neutralzation Characteriration T wo

1mAbin2 months
1 mAb in 1.5 months

100 sybodies in 12 days 28 nanobodies in 3 months

LiT,Zhou B, Luo Z, Lai Y, Huang 5, Zhou Y, Li Y, Gautam A, Bourgeau S, Wang S, Bao J, Tan J, Lavillette D*, Li D*. Front Microbiol. 2022 Jun 2,13:875840.
doi: 10.3388/fmich.2022.875840

A Spike-destructing human antibody effectively neutralizes Omicron-included SARS-CoV-2 variants with therapeutic efficacy. Meng L, Zha J, Zhou B, Cao L, Jiang €, Zhu Y, Li T, Lu L, Zhang J,
Yang H, Feng J, Gu Z, Tang H, Jiang L, Li D, Lavillette D*, Zhang X*. PLoS Pathog. 2023 Jan 27:19(1}:¢1011085. doi: 10.1371/journal ppat 1011085 13

Nanobody : FAST, low cost, stable

Synthetic nanobody (Sybody) selection against RBD

? —
Phage diplay "
Sequencing
™ (99 unique sybodies) = In vivo protection
biotinylation Characterization In vivo challenge model
i & Structure (hACE2 transgene mice and /\
1#phage display  3*phage display Optimizaton of the earlyleads. ~ srian Golden Hamster) {[
.f i
i Selecti | Srystalization Engineering /Tl}'l
Ribosome display N I gﬂ‘a
2phage  Colony selection by  Affinity and binding \ In vivo stability and (Ve
; display EIJSA and FSEC  kinetics by BLI. DY safety fest o S
r Neutralization using - .

100 sybodies in 12 days i S EE

Markus Seeger, Institute of Medical Microbiology, University of Zurich, Zurich, Switzerland.
Nature Protocols volume 15, pages1707-1741 (2020) 14
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RESPONSIVENESS : Task Force rapidly mobilizable, available people/reagents/models
What do we need to prepare for the next outbreak to do drug screening rapidly?

1. Pathogen Access 2. Cell lines
3 it o ' ? & ""‘:":.é;- ' Imﬂmmﬂﬂﬂm
0 L Epn 4 o ﬁ
e f(&és‘ e T .5‘9 ﬁ )
b " “ ﬁ Pt G 0 K
Qe g 3 il
3. Animal Models 4. Detection
Adult B6 mice  BE AGE mice TP T
Adult C57BL/6  Adult Balblc
+IFNAR /B (KOIFNER 3 , el
s (B mice blocking Ab
s b 70\

! ) . N
5. Drug Library

3% e
P Threat: During outbreak, regular channels, collaborators, close doors
“lockdown” prevent delivery of reagents...

Need to secure relative independance

6. Trained team, infrastructures and funds

e P

Drug Repositioning Strategy @ IPK

IPK PILOT LIBRARY (Small Molecule): Approved, Investigational, Bioactives, Natural Products
The BEST strategy
to develop COVID-19 treatment
in a short time
- New Drug Basic  Pre- cr
; Pha Approval
Development Research ‘é{l:;‘;' R
FDA approved drugs ligh
10+ Years
2°+ drugswith .lﬂ L L L L L L LT N
T Drug + Activity
excellent antiviral i Canbe Skipped = S Phasa Approval
activity selected using Repositioning:."““"““‘ 23788
FoRamicom “CT: Cincal Trigls == ShOMter o
Time

SARS-CoV-2
Preparation of Cells & Antiviral Activity Quantitative
Compounds for Screening Screening in BSL-3 Analysis
pac” Infected
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106 1



Drug Repositioning HTS against Coronaviruses

MERS-CoV SARS-CoV-2 SARS-CoV

2016 [ 2020.2 1
IPK Pilot: IPK Pilot: IPK Pilot:
5,406 48 2,984
) g v 20204
Prioritized Prioritized IPK Pilot:
Candidates: 12 Candidates: 6,951
24 (4 Clin;cal Trials)
20204 EEER
939
2021.6 \J
| | | IPK Pilot:
PMID: 33918958 | PMID: 32366720 | PMID: 32767684 | PMID: 34378968 5'294 ; (.)
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RESPONSIVENESS : Task Force rapidly mobilizable, available people/reagents/models
What do we need to prepare for the next outbreak to do drug screening rapidly?

1. Pathogen Access 2. Cell lines
505 MR P i’é_\
ok N s B N2}
§ e® A e == ===
3. Animal Models 4. Detection

Adult BE mice  BE AGE mice

AdUCSTBUB Adult Balbie o ne e L ARONE ’ - i
mice (B6) mice blocking AL? ( Bl ﬁ -.: .6;
»® . & 5 0 ]
’ AR W €7 d
5. Drug Library 6. Trained team, infrastructures and funds

i
"
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Expanding and Operating (A)BSL-3 Open Labs

> Research Resource Center (RRC)

Purpose Establish core research infrastructure facilitating basic research on infectious disease
Operate as metropolitan open labs & support scientific community

Maior 1 Biosafety Level 3 facility (249.27nf, 4 laboratories, 1 equipment room)

fa ci‘Iity 1 Animal Biosafety Level 3 facility (328.39ni 2 breeding rooms, 3 laboratories, 2 autopsy rooms)
1 Biobank (148.79nf, 2 storage rooms, 3 laboratories)

Budget Approx. 16.9 billion KRW (9.8 billion KRW in 2022) by MSIT

Period 2021~2023 (3 years)

—— W) o T 10 | 5] -
= T
SR >< {LFs) | S | ¥
7 L
oy Ty waem
o (BL Wetmnanzy apees) e | 3
i o
.....
i = ==
\ & ¥ = f -
- x " g o L
iy o I R )
q:l = # e el
F s § feys
. £ Y. ! A £h ¥
‘ LN V7 s 7 %
¢ \ e !
- =
had o ¥ L
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w 1ix
. 1 ¥ =, e ] i
rJ we [ e 7 w2 -
L1
- A Aol
i

(Total 1,688m?(511py))

Institut Pasteur Korea - Over 10 Years in Korea Fighting Disease for All Mankind | Confident|al

Y,

Expanding and Operating (A)BSL-3 Open Labs

> Research Resource Center (RRC)

Institut Pasteur Korea
Research Resource Center

Plan - Establish operation of IACUC.
- Kick-off meeting hold in October 2023.

https://rrc.ip-korea.org
Mail: RRCS_Team@ip-korea.org

20
Private and Confidential | Institut Pasteur Korea - Asia-Pacific Regional Hub of Infectious Disease Research Contributing to Global Public Health
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Thank you

AL}

Dimitri LAVILLETTE, PhD, Dr. Habil
CSO
Applied Molecular Virology Team Head
Dimitri.Lavillette@ip-korea.org
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Speaker

Cho, Eun-Wie

& Korea Research Institute of Bioscience and
Biotechnology (KRIBB)
& Principal Researcher

Q EDUCATION:

0 2001 Ph.D in Biological Science, Korea Advanced Institute of Science & Technology
(KAIST), Biological Science

Q PROFESSIONAL EXPERIENCE:

O 2007~Present Principal Researcher, Rare Disease Research Center, Korea Research
Institute of Bioscience and Biotechnology (KRIBB)
0 2010~2024 Adjunct professor, University of Science and Technology (UST)
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Q Topic

Development of SARS-CoV-2 S2 Targeted Vaccines and
Therapeutic Antibodies

Q Abstract

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative
agent of coronavirus disease 2019 (COVID-19), had a major impact on both the
global health and economy. Numerous virus—neutralizing antibodies were developed
against the S1 subunit of SARS-CoV-2 spike (S) protein to block viral binding to
host cells and were authorized for control of the COVID-19 pandemic. However,
frequent mutations in the S1 subunit of SARS-CoV-2 enabled the emergence of
immune evasive variants. To address these challenges, broadly neutralizing
antibodies targeting the relatively conserved S2 subunit and its epitopes have been
investigated as antibody therapeutics and universal vaccines. In this talk, we will
present our findings, focusing on the properties of S2 antibodies and progress in
the development of S2 peptide vaccines. We expect that these findings will lead
to the design of S2 vaccines with improved efficacy and the discovery of

therapeutic antibodies with high potency.

114 1



2. SARS—CoV—2 S2 E}zil HHAl 9l

<

ARS-CoV-2 isolated from a patient
inthe U.S. (TEMimage: NIAID-RML )

Number of COVID-19 deaths

774,593,066 7,028,881
Number of COVID-19 cases reported
to WHO reported to WHO

(cumulative total)

{cumulative total)

snization. 4 February 2024)

Development
of SARS-CoV-
2 S2 Targeted
Vaccines and
Therapeutic
antibodies

KOREA RESEARCH INSTITUTE OF
BIOSCIENCE AND
BIOTECHNOLOGY (KRIBB)

Eun-Wie Cho

SARS-COV-2 and COVID-19 PANDEMIC

A~

| SARS Cov-2
]

Binding and viral entry
vin e s

- %; b docytosis

TMPRES2

i 4
1
(prot
(Commun Biol. 2020 PMID: 32641750)
s 2019.12.
SARS-CoV-2 was first reported in VWuhan.
+ 2023. 5.

WHO declares end to COVID global health emergency.
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Responding to SARS-CoV-2:

Diagnostics, Vaccines and Therapeutic Antibodies

Time from discovery of virus fo first approved/authorized treatment

(years)
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Vaccines
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o
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\I: chanism of Action
of targes antgen
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(Ther Adv Vaccines Immunother. 2021, PMID: 34870090)
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SARS-CoV-2 Therapeutic Antibodies:

Neutralizing antibodies directed against the SARS-CoV-2 spike protein

} i
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NTD
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Tabda 1. FOA andiee EMLA ELIA haingautic ariitadies b troat COVID-S (Nat Rev Immunol. 2023, PMID: 36168054)
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{Int J Mal 5ci, 2022, PMID: 36077159)
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Immune Evasion of SARS-CoV-2:
Evolution and Mutations of the SARS-CoV-2 Spike Protein

= L - G420 476K NGTSH binding
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- il 472 Fa417H o e~ Antibody \

3
X B e AT,
™

39
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Electrostatic surfac
eharge mutations

#BA.29.1 #BA.2.11 W BA.2.121 #BA.4/S < ANTIGENIC DRIFT STRUCTURE | SELECTION FOR ACE2 BINDING
Omicron BA.2 subvariants BA.2.75.2 Vaccine-resistant mutants ANALYSIS More transmissible mutants
(by JUSTIN STEBBING) (ACS Infect. Dis. 2022, 8, 1, 29-58)

Neutralization potency of the EUA-approved anti-COVID-19 antibodies when challenged with SARS-CoV-2 VOCs.
(The heat-map based on the neutralization values of pseudovirus assays against SARS-CoV-2 variants)

EUA therapeutic antibodies

Casleivianals phas plus danvimab  Cilgavimab plus  Bebtelovimab Nyl

Imdevimab Etesevimab Tixagevimab
Neutraliting {<20)

21-100
VOCs | s [ — —

— 10019999

— — -
g Nor-neutralizing (>10,000)

{Int ) Mol Sci. 2022, PMID: 36077159)
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Broadly neutralizing antibodies to SARS-CoV-2
and other human coronaviruses

Broadly neutralizing epitopes in S2 su bunit 1. Broad betacoronavirus neutralization by a stem helix specific
human antibody, 52P6 " nas nise
1. S2stem helix . ..

2. Fusion peptide

(A) Profusion (B) - () Postiusion
fu Fusion 7,
= peptde
51
8 (1 Six-haslin [Science. 2021. PMID: 34344823)
“gp Fun HRA1 Bundie
. K 2. A human antibody with pan- cnronavlrus reactwity including

B I SARS-CoV-2, 76E1 }

Stom .
Sl sz heix
CH g Lo \

g ¥ S, AO=—— seere W WT SARS.COVS

T P‘ \ £" s BALTY

8 MRS NG S 2 v P .
g2 0 #‘;"F(“-_q‘_ § P . . B.1.3861 ==

qul T 5= 1w av - B16171

{Immunal Rev. 2022, PMID: 35599305) g '- = B16172

LT 4 B.11528
TEE1 tsoctn

(Mat Microbiol. 2022 PMID: 35773398)
v incredibly broad neutralization spectrum against HCoVs (a-CoVs, B-CoVs)
v less potent than RBD-targeting antibodies.

Broadly neutralizing antibodies to SARS-CoV-2
and other human coronaviruses

Broadly neutralizing epitopes in S2 subunit
1. S2stem helix
2. Fusion peptide

Respiratory tract

ACE 2 binding 4—bmu—| nm”
inhibited ¢ S1 subunit * ._.,“m[; mAbs
Reerptor binding shedding
domaln wrgeting i
mibs Ow o=, *I’nhlb'.-‘.ir-n of
f 52 f
i 4 Fusion peptide :“ ]“II:;‘::
Moo § insertion in the "‘Il 1di
host refolding
respiratory Arttachment/
pmo|yuc activation : membrane Membrane fusion
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(Cureus. 2023. PMID: 37009363)

v incredibly broad neutralization spectrum against HCoVs (a-CoVs, B-CoVs)
v less potent than RBD-targeting antibodies.

118 1




2. SARS—CoV—-2 S2 E}3l HiAl U X|ZSHH| 7He =

oo

£ Universal Vaccine Design to SARS-CoV-2 and
- other human coronaviruses

» S2 targeted universal vaccine
* Immuno-focusing on broadly neutralizing epitopes

SARS-CoV-2 post-fusion |- 51 subunit -} 52 subunit —
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[Signal Transduct Target Ther. 2023. PMID: 37164987)

A Novel Broadly Neutralizing SARS-COV-2 S2
antibody, 4A5
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{Heo CK et. al. Front Immunaol. 2023 PMID: 38143750)
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SARS-CoV-2 S2-based Universal Vaccine

« Viral Nanoparticle displaying B cell epitopes

Diarmuters of VLPs jres)
2

&8 & 5

Coating Ag

{Moon KB et al. Sci Rep. 2022, PMID: 35046461)

VLPs

anti-VLP-sera

© Dpayo
W Day42

)

Coating Ag

(Unpublished Data)

<

SARS-CoV-2 S2-based Universal Vaccine

+ Focusing on immunodominant B cell epitopes in S2 subunit
« Viral Nanoparticle displaying B cell epitopes
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(Manuscript in preparation)
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+ ELISA binding of mouse sera to S proteins of SARS-CoV-2 variants
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+  SARS-CoV-2 pseudovirus neutralization of mouse sera
= S2P6 bnAb-like activity
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(Manuscript in preparation)
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Q Topic

Lessons from COVID-19 for the development of antiviral drugs

Q Abstract

The global response to the COVID-19 pandemic has vyielded significant insights
that can guide the future development of antiviral drugs. It is important to address
the valuable insights gained from the pandemic, which can be utilized to improve
the efficiency and effectiveness of strategies for developing antiviral drugs. The
urgency of the pandemic underscored the importance of expediting drug
development without compromising safety, leveraging innovative technologies and
collaborative approaches. Global cooperation and data sharing were paramount,
highlighting the need for open communication and resource pooling. The value of
broad—-spectrum antiviral activity was underscored, offering a versatile approach to
combatting multiple viral threats. Repurposing existing drugs for new indications
proved successful, demonstrating the potential for accelerated responses. Given
the rapid mutation rates of viruses, designing drugs to target critical points in viral
replication cycles and considering adaptable drug designs are critical. Combination
therapies emerged as a robust strategy, minimizing drug resistance and enhancing
efficacy. Clinical trial readiness, sustained research investment, and equitable
manufacturing and distribution strategies are essential to streamline drug
development and ensure timely global access. In conclusion, the lessons derived
from the COVID-19 pandemic offer a roadmap for optimizing antiviral drug
development processes, ultimately bolstering global preparedness against future

viral outbreaks.
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Soo Bong Han

The Era of Infectious Disease

Global map of emerging infections (2003-2022)
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Climate Change s N o 0
Increase in population mobility \ | o0 o
Aging |
Lack of effective treatment

* Confirmed cases: 774,291,287 | 34,571,873 (67%)
Y * Death: 7,019,704 35,934
* Vaccine doses: 13,516,282,548 | 135,927,574 (263%)

SARS-CoV-2

COVID-19

Dignosis  Vaccine Drug

* Confirmed cases: 774,291,287 | 34,571,873 (67%)
* Death: 7,019,704 35,934
* Vaccine doses: 13,516,282,548 | 135,927,574 (263%)

SARS-CoV-2
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COVID-19

* US-FDA approved Drug for COVID-19

NG o 0 ko OGN
% Y g
HN_ o:E~o . N/ n"\'%'"
Cr on

Baricitinib Tocilizumab

Rheumatoid Arthritis

Remdesivir

Nirmatrelvir

Directing Acting Antiviral

*emergency use authorization not included

Paxlovid

* Top drugs by sales in 2022 (USD BD)

2COMIRNATY
(COVID-19 Vaccine, mRNA) 37'8

. 7 HUMIRA

adalimumab

KEYTRUDA ¢fip

Paxlovid e/

ey ;
m splke \.rax zin COVID-19 Oral Treatment

| Soialln ) A

Reviimid @ @ j Stelara
lenalicomis) fsteknuma)

@ Laxes

Nirmatrelvir

1129



Paxlovid

* Mode of Action : Direct-Acting Antiviral (3CL protease inhibitor)

'@g@} Cotonavirus entry é&; '%?{t ié & o N
g Y gk T o X
= H
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j release HY
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viral polyprotein = . s
o (+) Genomic RNA virion

= ERGIC

Nirmatrelvir
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roteins (ns '
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M EAAAAAN T s MW = § ——
& SANAAAA o Translation
7a SAMVWAY

r 4

Endoplasmic Reticulum .

Virus life cycle (COVID-19)

Paxlovid K;!E';CT

* Existing Compound Optimization Strategy: 3CL protease inhibitor

Q\;\f 0. Hﬂf‘; N
HN \’/H X OH H"\'%ru

PF-00835231 Nirmatrelvir

SARS-CoV-2

SARS-CoV

2002 2005

Science, 2021, 374, 1586
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* Death Valley
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PF-00835231

Paxlovid

Death Valley (18 years)
(No Profit)

-

KRICT

Science, 2021, 374, 1586

* Death Valley

Paxlovid

Public Research

Death Valley (18 years)
(No Profit)

KRICT

Science, 2021, 374, 1586
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KRICT Direct-Acting Antiviral Chemical Library

= Existing Drugs and Compounds
Coronavirus entry i
Protease -y ' \ *
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Endophasmic Reticul [[ ”é'
Virus life cycle (COVID-18)

KRICT Direct-Acting Antiviral Chemical Library

* Existing Drugs and Compounds * Goal - 1500 compounds (500 compounds collected)

Protease

Polymerase

Integrase

Reverse transcriptase
DNA/RNA synthetase
Entry

Etc.

Approved - Clinical - Biochemical
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KRICT Direct-Acting Antiviral Chemical Library

* Goal - 1500 compounds (500 compounds collected)

KRICT Direct-Acting Antiviral Chemical Library
* Web-based DB platform for public use

Infectous Disease Therapeutics DB
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KRICT Direct-Acting Antiviral Chemical Library

* Web-based DB platform for public use
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KRICT Direct-Acting Antiviral Chemical Library

= Advanced Antiviral Drug Library (1000 compound)

Al based Chemical Library

Antiviral Activity Data
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Antiviral Target Structure Data
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Q Topic

Acceleration of drug discovery with Al

Q Abstract

In recent years, deep learning—based Al has been rapidly developing, bringing
significant impact on the field of drug discovery. For instance, AlphaFold has
solved the problem of protein structure prediction and generative Al has been
actively used for the design of proteins, antibodies, and small molecule drugs.
Thus, leading IT companies such as Google DeepMind, MS, and Nvidia as well as
big pharma such as AstraZeneca, Merck, and Pfizer are actively investing in the
development of Al in this field. In this talk, | will briefly review the latest trends
in Al-based drug discovery and introduce generative Al-based drug design

research examples.

140 |



Acceleration of drug discovery
with Al

Woo Youn Kim
KAIST & HITS

International Symposium for Infectious Diseases Research Institutes Cooperation
2024. 3. 8 @Grand Hyatt Incheon

Contents

* Introduction

* Generative Al for drug design

* Bioisostere replacement Al for drug resistance

* Al Drug Discovery SaaS Platform — Hyper Lab

1 141




Emergence of Generative Al era

Value
expegtation Generative Al era
pr—
oa HITS
Bigdata-based ' ez y
» 8 Exscientia
deep learning era ZNVIDIA
R R " binsilico Medicine e MERCK
. (¢ Recursion
[ ' , B2B SaaS
oL XtalPi = : .Er]terlng
d9§m§t3C5 ) Insilico Medicine @ DeapMind clinical trials
Gaccelrys &, Atomwise AphaFold2
@' Schrodinger % Exscientia
molsoft Al drug
3 L discovery
B i ¢ CADD startup
£ Physics- Software :
based companies

QSAR

CADD

_7— g : 5
1960s 1980s 1990~ 2012~ 2020 2022 2023

Examples of generative Al

+ ChatGPT: Chatbot based on NLP

n Please describe how Al can change drug discovery in three sentences. Some people in the pharmaceutical industry are still saying that Al is premature to
revolutionize drug discovery R&D. How do you expect the realimpact of Al on the industry in

the near future? Please answer me within three sentences.

Al can accelerate drug discovery by analyzing vast amounts of biological data, identifying

potential drug candidates more efficiently, and predicting their safety and effectiveness, While some skepticism remains, Al's real impact on the pharmaceutical industry is already

g . A ; evident in accelerated target identification, drug candidate screening, and predictive
reducing the time and cost of development, Machine learning algorithms can uncover
analytics. As Al technologies continue to mature and datasets grow, they will likely enhance

buiden patierns i genomie enc ptcteondc date, erebin e ciscoweny of novelciig drug discovery by optimizing lead optimization, toxicity prediction, and clinical trial design.

targets and biomarkers. Additionally, Al-powered simulations can simulate drug interactions Over the near future, we can expect Alto further reduice costs, expedite drug development

with biological systems, aiding in the design of more effective and precise treatments, timelines, and increase the success rate of bringing innovative therapies to market,

solidifying its role as a transformative force in pharmaceutical R&D.

n How about generative Al for drug discovery? Also within three sentences.

Generative Al in drug discovery can revolutionize the field by designing entirely new
molecules with desired properties, streamlining the process of drug development. These Al
models can propose novel chemical compounds that have the potential to become
promising drugs, significantly expanding the pool of potential candidates. By harnessing
generative Al, researchers can explore uncharted chemical space and accelerate the

discovery of innovative therapeutics,
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Generative Al for drug design
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Virtual Screening vs Generative Al

Virtual Screening Generative Al
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Generative Al for drug discovery

» Generative Al can efficiently explore a vast chemical space

* But conventional Gen Al has two key problems

1. Low synthesizability: atom-based or SMILES 2. Low novelty: overfitting to training data
generation does not consider synthetic accessibility

‘( This is my new W ‘ It looks too complicated tow
| awesome molecule! ) synthesize...

— \f{_)
. Designed by GENTRL ~ Approved drug

t" Nat biotech. 37, 1038 (2019)

7
L~
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Improving synthesizability

Breaking Retrosynthetically Interesting Chemical Substructures using BRICS decomposition

il 600,000 molecules chosen randomly from
Synthetic Rule Building Block g

o a chemical library, resulting in 70,000
9:0-0 |
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Drug optimization for a mutant with resistance

Ensitrelvir shows drug resistance on the COVID-19 E166V mutant.
a b

A

A-G143, r
fan1a ALt
A S

u

AS144 | AF140

g B-S1 Ensitrelvir
2.7 j ' FA [
{4 32 ] . .
3.2 H 9 | \ - -. 43,
- '-..3-3 .I‘I‘:. l_
/.___ . / \
A-H172 . £
AHIBE * /] AHich
AMIBS AEIS W protomer B d 0 amles AvViEs |

Ensitrelviris an oral SARS-CoV-2 Main protease inhibitor in a clinical study for treating COVID-19.[1]
The molecular mechanism of resistance to Ensitrelvir of a mutant E166V has been reported.[2]

* Point mutation: E: Glutamic acid(with minus charge) = V: Valine(hydrophobic).

* No significant change in pocket volume

[1] Unoh, Yuto, etal. "Discovery of S-217622, a noncovalent oral SARS-CoV-23CL protease inhibitor clinical candidate for
treating COVID-19." Journal of medicinal chemistry 65.9 (2022): 6499-6512.
[2] Duan, Yinkai, et al. "Molecular mechanisms of SARS-CoV-2 resistance to nirmatrelvir." Nature 622.7982 (2023): 376-382. 15

Al for Bioisostere replacement

Original molecule (1) Removal fragment selection  (2) Inserting fragment selection
WA Traditional approaches l o

T y—NH ; : Selection by chemists

‘6}‘ Hg\N+_0— Selection by chemists based on their intuitions
O o I N

o yhH
o oh"(olwo
o]

G?al L Goal_Z: Chemist Selected Chemist Intuitions
Higher Retained removal fragment

solubility | molecule size

~— Database mining approaches

Selection by chemists
Selection by chemists y

Optimized molecule based on a replacement database

Mare

N':}}_,NM ! |\l: }
rye, | 8 BB
1K H@L i

0

0 )
\ / Chemist Selected “||Less  Database
= removal fragment : frequent

~ Operation scheme of DeepBioisostere

Original molecule — @ " - ‘,‘-’ \ Optimized molecule
""" Fragment
N7 N
& % Y L UE g
M !@r"—-——-} - -_2‘° J@‘«"
Fragment-level | | Removal fragment | Insertion fragment -

embedding with Al () selectionwith Al () selection with Al
e 4 16
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Drug optimization for a mutant with resistance

By optimizing Ensitrelvir(reference) with DeepBioisostere, 129 out of 500 molecules showed 10-fold
better binding affinity in terms of inhibitory concentration on the E166V mutant.

Thvze —_— ici i
Binding affinity distribution of . HVdI’ODhObIC Interaction
DeepBioisostere-generated molecules R 4 e Hydrogen bond
70 , ----- Reference score }4 Theges /O Figures drawn with [4]
4

: \ Ry

“ \ 'u.

50 \ Mmma_j

E 40 i " — Met1658
E 29 2 Cys1458 NH F
8 W ’ /\\\/

30 f R N . Ny
' 1 /0 He Lo
| e AN
| 2 S 07 W o

20 i / “‘.‘ . Glh:ﬁs -H
| R P er
! ! Ry \ _ " _
| [o Er— His1638

10 : i d . i /alleba
phetion =0

D= His1638

10 -9 -8 -7 -6 =5 )
PIGNet2 score on Mutant Mpro (kcal/mal) Refe'?ence- -7.05kcal/mol Optimized molecule: -9.66kcal/mol
El (Experiment: -8.33kcal/mol)

[3] Moon, Seokhyun, et al. "PIGNet2: a versatile deep learning-based protein-ligand interaction prediction model for binding affinity scoring and virtual screening.” Digital Discovery (202ﬂ ?
[4] Stierand, Katrin, and Matthias Rarey. "PoseView—molecular interaction patterns at a glance.” Journal of cheminformatics2.1 (2010): 1-1.
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Advantages of SaaS

Accessibility & Collaboration: easily accessible to researchers
worldwide and democratizing advanced Al tools with remote
collaboration capability for accelerated drug discovery

Flexibility & Customization: offering specific needs and
preferences of end users, allowing for customized workflows
to support diverse projects

Integrity & Security: leveraging robust integrity & security to
protect sensitive research data from various projects

Cost-Effective & Scalability: cost-effective alternative to on-
premise infrastructure by eliminating the need for significant
upfront investments in hardware and individual software tools
and offering scalable computing power on demand

Al tools on cloud computing

A 4

y Candidates

e

19
v On-premise SW v SaaS based R&D innovation
Docking
+ Glide mmmmd  Customized workflow
+ Flare
* Cresset
Molecular design Data integrity & utilization
* Spark
* Synthia
Protein structure O R Al-powered R&D process
+ AlphaFold
Similarity searching HYPeR LAB
+ Swiss o | Remote collaboration
+ Scifinder Al + Cloud
Integrated solution
Electronic note
* Dotmatics @ Robust security
+ Scilligence )
20
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Q Topic

Rapid screening of target antigenic sites for SARS-CoV-2

vaccine development using Fv—-antibody library

Q Abstract

The rapid screening of target antigenic sites for SARS-CoV-2 is presented and the
application of screened antigenic sites is demonstrated for the vaccine
development against SARS-CoV-2. The Fv-antibody represented the antigen
binding site of immunoglobulin G (IgG) and the Fv-antibody library was prepared
by randomizing the CDR3 through the site—directed mutagenesis. So prepared
Fv—antibody library was surface—expressed on the outer membrane of E.coli with
the diversity of more than 106 clones/library. From the Fv-antibody library
screening, effective immunogenic antigen sequences for the vaccine development
could be analyzed within a few weeks. The vaccine development based on the
Fv-antibody library was carried out according to the following procedure: (1)
Screening of Fv-antibodies against spike protein of SARS-CoV-2 with a high
binding affinity (nanomolar KD), (2) Analysis of amino acid sequence of antigenic
sites (epitopes) of the screened Fv-antibodies using computer simulation, (3)
Vaccine development using protein particles (ferritin) with co-expressed epitopes,

(4) Analysis of neutralization efficiency of anti-sera against SARS-CoV-2 infection.
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Development of SARS-CoV-2 vaccine
using Fv-antibody library

Jae-Chul Pyun
Materials Science & Engineering
Yonsei University
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Problems of vaccines against virus

H Prevention of viral infection
o~ W \% Spike Protein
@ Antibodies to prevent from binding of virus to host Lipid Membrane
(2) Expressed receptor (fragments) of host cells J \
@ Inhibition of protease (host cells) for viral infection 1 @ f \@
ACE2
M Prablenms ACE2 TMPRSS2
- Mutations on viral proteins binding to host receptors n
- Difficulties to find immunogenic sequence for vaccines IIEHEFI ’“ HE“E
- Stability of vaccines (including mRNA vaccines) Host Call
ost Cel

M Platforms for vaccine development:

(1) Fv-antibody library = Platform to search immunogenic sequences for vaccines (< 2-3 weeks)

(2) Ferritin complex = Platform of (protein particle) vaccines with high neutralizing efficiency

IDIRC (2024.03.08) 2
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Platforms for vaccine development

(1) Fv-antibody library: searching platform of immunogenic sequences

CDR3 amino acid
sequences

N-GREEWEMPNDY-C

Kanamyer
FRossionco

N-GLGASSSVSDV-C

M-DICFDPCLRLF-C

© Site-directed mutagenesis of CDR3 o Library = Y, + Yg + Yc + o Screening with FACS: <4 h o Antigenic sequence
o Surface display on E.coli o Diversity: > 107 clones o Affinity: Ko > 109 (M 1) o Expression of Fy-antibody

(2) Ferritin protein particle: efficient vaccine platform

1 2 3 4 +
: -
] = L]
100 == 1+
Farritnhoavy chain  Spike $1 Fermitinightehain 196G Fe i H
\ (FTH) L (2] i
63— -
A 2.
ey ™ - i
il - = 2
3 e
. ¢ '.’ ‘ - - 1
ey kO T Ferritin protein e
5 c+ . 5 —
particle " - s
IDIRC (2024.03.08) 3
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Fv-antibody library

Bl Fv-antibody library
- Fv-antibody: antigen binding site of IgG (3 CDR’s + 4 FR’s)
- Fv-antibody library: randomizing amino acid sequences of CDR3

- Surface display: expression of Fv-antibodies on the outer

membrane (OM) of E.coli with high surface density

- Surface density: >10° (Fv/E.coli cell), Expression yield: >95 % o THBOIEAE] = Yy + Yo+ Yo+ - -
o XF FH|CHEY: > 107 clones

(H| ) Bacteriophage: Surface density >10 (Fv/phage), yield <10 %

W
: 1 Fv (V)
1 (228 I |
: CDR1 : r [ ©®°
1 ==
1 1 7\ cor2
] fRZ  y - 5
: CDR2 : }X
! 3 \ _bcor3
1 COR3 :
1 FR4 OO EFEEENE
1 881 - 8§
| {_______I b )
e 1aG Fv Fv-antibody library
1gG Fv CDRs* (fingers) g Vun) e )
*CDR: complementarity-determining region
IDIRC (2024.03.08) 4

162 1



1. COVID—19 BHAI HAZ17lgt ol M} =

Fv-antibody library (32) YONSEI

UNIVERSITY

l Fv-antibody library

= <

| COR 1

FR

- Vuu-CDR3: 11 amino acids (33 base) (V -CDR3: 8 amino acids)

- Randomizing V,-CDR3 through site-directed mutagenesis

a s o <
= Klenow-(exo-} [ Reverse ]
Hi t el e 110720060 10
S L —
: —
1:20 10786 20
CGT1234NN4NN4ANNANNANNANNANNANNGATS56YTGGGGT 5: 10780 0 10
I W T S R g a0 T
v:ls0 s0
*CDR: complementarity-determining region Fv-a ntibody lib rary

(on E.coli cell)

Bl Screening of Fv-antibody library

Kanamycin
Resatwnce

o Site-directed mutagenesis of CDR3 o Library = Y, + Yg + Yc + ... o Screening with FACS: <4 h
o Surface display on E.coli o Diversity: > 107 clones o Affinity: Ky > 10% (M)
IDIRC (2024.03.08) 5
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Flow-chart for vaccine development

‘ — Spike Protein
’)J \(\— Lipid Membrane

1 ®¢\®

ACE2

Fy-antibody library

ACE2 TMPRSS2 2. Analysis

TITTITITRITY — s
TV s

Host Cell
. 3. Expression
5. Analysis of e P
neutr{,‘:illty 4 Vaccination of vaccines
Spike
( \ Protein

Ferritin complex Anti-SP Fv

IDIRC (2024.03.08) 6
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Screening of anti-RBD(SARS-CoV-2)-Fv

YONSEI

UNIVERSITY

B Spike protein RBD (SARS-CoV-2)

NTD | TRBD T Tsor spz P MR HRZ TM IC N
333 527 5
I_ = 42 SE 4 pi Fusion peptide
RN
52 | 1

- RBD (319-541 a.a.): ACE2 receptor binding domain HR2

- SP (1,273 mer): RBD (222 mer, 24.9 kDa)
- Fluorescence label: sfGFP

N

|
x,'n‘
8 Jjo
7]

7
n
b

Viral
™ envelope

Spike protomer Spike trimer

H RBD (SARS-CoV-2) antigen (searching probe)

igin
g T ! < SDS-PAGE >

75—
63

GFP

Carbenicillin
plotel =

= sicFP-rED  Baind
\—H,, . (51 kDa)

3B

RBD inner expression plasmid

RBD of spike protein (319-541)

+ MFVFLVLLPL VSSQQVNLTT RTQLPPAVTN SFTRGVYYPD KWFRESVLAS TADLFLPFFS NUTAWFHAIHY SETNGTKRED NPVLPFNDGY YFASTEKSNI
101 IRGWIFETTL DEKTQSLLIV NNATNVVIKY CEFQFCNDPF LGWYYHKNNK SWMESEFRVY SSAMNCTEEY VSQPFLWDLE GKOENFKHLR EFVFKNIDGY
201 FAIVSKHTPI NLVROLPRGS SALEPLYOLP IGINITRFQT LLALHRSYLT PGDSSSGWTA BAAAYYVEYL QPRTFLLAYN ENGTITOAVD GALDPLIET

301 CTLKSETVEK GIYGTSNFRY QPTESIVRFP NITNLOPFGE VENATREASY YAWNRKRISH CVADYSULYN SASFSTFKCY GUSPTKLADL GFTHUYADSE

401 YNYKLPDDFT GCVIAWNSNN L YLYRLFRKSN LKPFERDIST SIYGAGSTPC NEVEGFNCYF PLASYGFOPT

501 NGVGYOPYRY VWLSFELLHA PATVGGPRKS THLVANKSUN FNFHGLTGTG VLTESNKAFL PFQGFGROIA DTTDAYROPG TLEILDITFG SFGGVEVITE

601 GTNTEHAVAY L PVAIHADALT PTW? = L IcAE: CABYQTATRS SUAYTMELG

701 AENSVAYSNN SIAIBTMFTI SUTTEILPYS MTKTSVDETH YICGLSTECS NLLLOYGSFC TALNRALTGI AVEGDKNTGE VFAQUKOIYK TRHKOFAGE
501 HFSQILPDPS KPSKRSFIED LLENKVTLAD AGFIKOYGDG LGDMARDLI CAQKFNGLTY LRFLLTDEMI AQYTSALLAG TITSGUTFGA GAALOIRFAN
501 GHAYRFNGIS VTONVLYENG KLIANOFNSA IGKIODSLSS TASALGKLOD VWNGNAGALN TLYKOLSSNF GAISSVLNDI LSRLOKYEAE VOIDRLITGR
1007 LOSLOTYUT OLIRAAEIRA SANLAATKMS ECULGOSKRY DFCEKGYHLM SFPOSAPHGY VELHUTYVPA OEKNFTTABS ICHDGKAHED REGUFUSNGT
1101 HAFVTQRNFY EPQIITTONT FYSGNGDVVI GIVNNTVYDP LOPELDSFKE ELDKYFKNHT SPOVDLGOIS GINASVYNQ KEIDRLNZVA KNLNESLIDL

201 QELGKYEQYI KWRVHYIVILGF LAGLIANY TIMLGETSE CECLKGICSE G50 CKEDEDD SEPYLKGYAL HYT

IDIRC (2024.03.08)

Screening of anti-RBD(SARS-CoV-2)-Fv

NSEI

IVERSITY

Bl Screening with RBD probe (GFP labeled)

Y CDRS3 sequence analysis

Clone-30 Fail : The same as Clone-29

Clone-29 Anti-RBD#4
gE -~

P = Fail : Deletion v
_ 4 /\Cbne—z-s-pﬁﬁmﬁlcl TCTTCTTGCGGTGATCGTAGAT T T

© Library = Y, + Yg + Y + ... o Screening with FACS: <4 h 4 Clone-25 Fail - The same as template
P 5 == GACAAAGTTACAGTCTGGGGT TGTCAGGATAAT
o Diversity: > 107 clones o Affinity: Ko > 10° (M) 4 \
— L Anti-RBD#3
i Oligonucleotide sequence CDR3 amino acid
BBD (33 nucleotides) sequence (11 aa)
(Clone#) q

18 3'-GCT CGT GXX AXX AXX GXX GXX AXX CXX CXX
GXX GXX TXX TGG GGT-5

3-GCT CGT GXX GXX AXK CXX AXX GXX CXX AXX
AXX GXX TXX TGG GGT-5

3 (15) 3'-GCT CGT GXX CXX CXX AXX GXX AXX AXX GXX
AXX GXX TXX TGG GGT-5

4 29 3'-GCT CGT TXX GXX AXX CXX CXX GXX OXX GXX
CXX GXX GXX TGG GGT-5

201

TDYOOKX K000 1'F _d
1DXIOOC S@O0K 1TE

TDXXKX O V'F

. -
\  Clone-9 Fail : The same as Clone-8

CDR1&2

XXX AKX D W ow w1

Fluorescence intensity (a.u)

IDIRC (2024.03.08)

o Anti-RED#1
8
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Binding affinity of anti-RBD(SARS-CoV-2)-Fv o

B Expression of Fv-antibody (soluble) ‘ \

CDR1 Grigin

/ T p’bm% <SDS-PAGE>
2 % Gloning Mot @ puification \ (Da) M  oRBD1 oRBDZ o-RED3  o-RGD4
z Ceminee.  Fyvariant 15 Anti-SP Fy-2H|
T - - -
L CDR3 ;
Ny el Fevariant s o, -
~__ g with sIGFP -
e ——
Screened clone Expression vector

for Fv-variant
< Comparison of binding affinity >
M Estimation of binding affinity (SPR biosensor, K.)

Anti-RBD1 (Fv)

[Anti-RBD1)
oy s

o-RBD# LOD (nM) Ky (nh)

SP (SARS-CoV-1)

it 02 ] Ko= 13 M § to ACE2 receptor

P SP (SARS-COV-2)
Sk to ACE2 receptur

P

&

]
[AntiR@D1 vartant) (b}

o cigom (RUy
o signat (Ru)

Ca T a-RBD#1 7.7 20

[AILRET2 varlant] (7).

Anti-RBD3 (Fv) Anti-RBD4 (Fv) a-RBD#2 7 13
[;g:%-g‘%m] e Ko=28 il 5 " ! Komzéni
g . _ et a-RBD#3 8.7 2
/ L Eond P
i 5wt a-RBD#4 13.73 2

* Nature, 581 (2020) 215-220
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Flow-chart for vaccine development

‘ — Spike Protein
,)J \(\— Lipid Membrane

Ay
(2
a ’\Z,\@
ACE2 -
ACE2 TMPRSS2 Fy-antibody library

TTTTTTTeeTY \ _» %
ullauunaﬁﬁ o EhlH i) Anti-SP Fv

Host Cell

5. Analysis of
neutrality

3. Expression
of vaccines

Spike
\ Protein
' Ve
L. \\
- 3
it -
- ]
No

Ferritin complex Anti-SP Fv

4. Vaccination

..,

IDIRC (2024.03.08) 10
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Docking analysis of anti-RBD(SARS-CoV-2)-Fv

[l Anti-RBD-1 binding site

Spike
Protein

Anti-SP Fv
LoD Ko
aRo0e {nM) (nM)

B Anti-RBD-3 binding site

SARS-CoV-1

to ACE2 receptor
SARS-CoV-2
to ACE2 receptor
a-RBD.1 7.7 20
a-RBD2 7.7 13
a-RBD3 BT 24
a-RBD4 1373 24

* Nature, 581 (2020) 215-220

IDIRC (2024.03.08) 11

Antigenic sequences of anti-RBD-Fv

B Anti-RBD-1 binding site Anti-RBD-2 binding site

Spike

Protein

W_7.3 A~ 7.9 A4
; -5 ¢ A-JER-16.4 A-EER-7.5 A-
Anti-SP Fv - GGS GGS
8 [clels eletdelels] elels |

LoD K,

ikt (M) (M)

SARS-CoV-1

to ACEZ receptor 31 100"

B Anti-RBD-3 binding site B Anti-RBD-4 binding site

SARS-CoV-2

to ACEZ receptor 2 ne

a-RBD.1 .7 0

aRBD2 77 13

o-RBO3 L 24

a-RED4 1373 24
| 172 A- I - S /- H

* Nature, 581 (2020) 215-220
- I ] feleftelel  [efel |
IDIRC (2024.03.08) 12
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Flow-chart for vaccine development

\ ‘ — Spike Protein
’)J \(\— Lipid Membrane

a ®¢ \®

ACE2

Fy-antibody library

TITIIITITTY \ _» v EEE
T S wvsn S

Host Cell

5. Analysis of 3. Expression
neutrality

4. Vaccination of vaccines
Spike
Protein

Ferritin complex Anti-SP Fv

IDIRC (2024.03.08) 13
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Ferritin complex with antigenic sequences

Bl hFTH (192 mer, 24.8 kDa) M Ferritin H_RBD1
M Antigen1~4 = (ca.2.4 kDa)
M (G.S),, = 2 kDa

B Complex = ca. 46 kDa

Salf-assembled SUFc-FT

[Antigen + (G;5);0]4 (G,S)
N-FETE = = = == == —_— hFTH -C
(@‘f'@s =
N 4 - I —— I <

SEse? L

FerritinH
RBD# Amino acldsequence of RBED antigen (N — C-term)

-5 5 A\--16.4 A-ER-7 5 A

1
@ [clels cleiclelels] elels |
7.3 A~ 7.1 A

2
= GGS GGS
|

3
- I

5 7 -17.2 A- I < © A
=~ Bccsces I :cSH

IDIRC (2024.03.08) 14
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Flow-chart for vaccine development
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o W ‘* Spike Protein
J \ ~ Lipid Membrane

ACE2 TMPRSS2

et RRRRRD E »
ullauunauﬁ o EhlH i) Anti-SP Fv

Fy-antibody library

Host Cell
. 3. Expression
5. Analysis of T P
neutrl.;lity 4. Vaccination of vaccines
TCDE / ‘ ‘ .

* Productio Ferritin complex

’\ 2. Analysis

of antigenic
sequence

Spike
Protein

Anti-SP Fv

IDIRC (2024.03.08)
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Vaccination with ferritin complex

l Vaccination and characterization of anti-sera

- Analysis of IgG titer and neutrality of anti-sera

- Subtyping of IgG1(Th2, IL-4-cytokine-supporting) and 1gG2, 3(Th1, IFN-y-controlling)

Blab/c Female 5 weeks Intramuscular
) o & e o . 1gG1 IgG2a = IgG2h = IgG3
L : - e, e
® W% e o
1% Immunization 27 Immunization g s ‘. - -
| | s ".‘,‘-‘-f‘ - n 10°
LR @ ST SR
+5 bleeding o i =
Day 0 Day 14 Ferritin complex 2 -
3 10°
o =i
(o]
2
4
B
5 10
—
[«}]
-
F 10°

%, "’%

&

‘%,,

IDIRC (2024.03.08)
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Flow-chart for vaccine development

) ‘* Spike Protein
,)J \(\— Lipid Membrane

teeescesed < 2 S
ullauunaﬁﬁ o EhlH i) Anti-SP Fv

Host Cell

Fy-antibody library

S Expressmn
4. Vaccination of vaccines

<

5. Analysis of

neutrali
4 Spike

Protein

Ferritin complex Anti-SP Fv

IDIRC (2024.03.08) 17

Neutralizing activity assay (in-vitro)

B Netralizing activity assay (in-vitro)

= Pseudo-virus particle (Takara, Invivogen) = Infection reporter cell lines (Invivogen)

- Leti-virus with SARS-CoV-2 SP (original) - Cell lines with overexpressed ACE2 & TMPRSS2
- GFP gene as an indicator - Fluorescence signaling after infection of
- Variants with mutated SARS-CoV-2 SP SARS-CoV-2

- f Prevent
Fv-variant % infection
with SIGFP
» —  \ - -

Pseudotyped
lentiviral particle

GFP transgene

- Pseudotyped
! lentiviral particle
- i - —

\ rerss2)
<

w/o
Anti-RBD Infection
Pseudotyped — ‘

lentiviral particle

IDIRC (2024.03.08) 18
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Neutralizing activity (anti-sera to variants)

Wild type Neutralizing acitivity (anti-sera, 1/300)

Wild type
10094 o Delta
L . o - Omicron BA.2
80 4 Omicron BA.4/5

60 -

Al M

Immunized antibody {300-fold)
Immunized antibody (300-fold)

Normalized intensity (%)

Immunized antibody {300-fold)
VSV-G

Immunized antibody {300-fold)

IDIRC (2024.03.08) 19

Neutralizing activity (Fv-antibodies to variants)

Wild type Delta

- T Wild type
- 1004 & Delta
= Omicron BA.2
= 2 :
z =| . . 804 Omicron BA.4/5
R -
= &
F = -
=
cron BA E 204
[=}
DAPI Z
0

Positve
control

#1

RBD F (20 ygimL )

#
VSV-G

#4

RED Fy (20 pgimL)
©”

IDIRC (2024.03.08) 20
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1, COVID—19 HHAl i1yt o

| Mot "

Comparison with neutralizing activity
(Anti-sera vs. Fv-antibodies)

Neutralizing acitivity
(Fv-antibody)

Neutralizing acitivity

(anti-sera)

7 A Wild type : T Wild type
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Screening of Fv-antibodies against SARS-CoV-2
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Q Topic

HAs—NAu strategy for the development of better influenza
vaccines

Q Abstract

Even though we have managed our lives by dealing with pandemic viruses,
another will come to test what we have prepared against it. Highly pathogenic
avian influenza A(H5Nx) viruses may be on top of potential pandemic viruses in
the future. As we may know, the influenza A virus (IAV) can infect various animal
hosts, and the IAV goes through genetic drift and shift. Hence, different subtypes
and antigenic IAVs are circulating simultaneously in nature. It will be one of the
reasons that we need a universal influenza vaccine. However, it is difficult that
subdominant but cross-reactive epitopes found in the stem region of
hemagglutinin  (HA), one of the two major surface glycoproteins in the viral
envelope, are utilized sufficiently in any conventional influenza vaccine platform. To
this end, mRNA or recombinant protein strategies of COVID-19 vaccines can be a
breakthrough for developing universal influenza vaccines because, using either
vaccine strategy, vaccine antigen contents can be manipulated. The HA antigen
may deliver protection against seasonal influenza viruses, and neuraminidase (NA),
another surface glycoprotein of |AVs, may work as a universal vaccine antigen
because the NA evolves genetically slower than the HA. In this regard, a universal

NA vaccine antigen can be designed even for avian H5Nx viruses.
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Influenza
human seasonal virus
highly pathogenic avian influenza virus

Seasonal human influenza virus




Seasonal human influenza virus

Inactivated 4-valent
(A/HIN1, A/H3N2, B/Vc, B/Ym)

Seasonal human influenza virus

Inactivated 4-valent
(A/HIN1, A/H3N2, B/Vc, B/Ym)

VE = 40.44% (10-60)
[2004-2023; US CDC]




Seasonal human influenza virus

Inactivated 4-valent
(A/HINT, . B/Vc, B/Ym)

VE = 40.44% (10-60)
[2004-2023; US CDC]

lowers VE almost every season.

Frequent changes of A/H3N2 vaccine antigens

Season
1976-1977
1977-1978

A/HIN1

AlNew Jersey/76

AfVictoria/3/75

AJUSSRIS0/TT

AJUSSR/ 77 or A/Brazil/11/78

AfTexas(177

B/Hong Kong/5/72

2000-2001
20 02
2002-2003

3-200.

2005-2006
2006-2007

AfNew Caledonia/20/1999

AfMoscow/10/99

B/Beijing/184/93

B/Sichuan/3759/99

B/Hong Kong/330/2001

AfFuilan/411/2002

AfCalifornia/7/2004

B/Shanghal/361/2002

2007-2008

AfSolomen Islands/3/2006

AfWisconsin/67/2005

BfMalaysia/2506/2004

2008-2009
2009-2010

AfBrisbane/55/2007

AlBrisbane/10/2007

2010-2011
70
2012-2013

2013-2014
2014-2015

2015-2016

AfCalifarnia/

AJPerth/16/200%

BIFloridal 4]2006

B/Brisbane/60/2008

AVIctoria/361/201

Al Texas/50M2012

B/Wisconsin/1/2010 {and B/Brisbane/60/2008 for
C rivalent vaccine)
Massachusetts/2/2012 (and B/Brisbane/60/2008 for
quadrivalent vaccine)

itzerland/S715293/2013

B/Phuket/3073/2013 (and BfBrisbane/60/2008 for
quadrivalent vaccine)

AfMichigan/45/2015

AfHong Kong/4801/2014

BfBrisbane/60/2008 (and B/Phuket/3073/2013 for
quadrivalent vaccine)

AlSingapore/INFIMH-16-0013/2016

2019-2020

AlBrisbane/02/2018

AlKansas/14/2017

BlColorade/06/2017land B/Phuket/3073/2013 for
quadrivalnet vaccine)

2020-2021

AJGUINEAoNE-Macnan SWEIs 36/ 4019

AfHong Kong/2671/ 2019

2021-2022
2022-2023

AlVictoria/2570/2019%

AfCambodia/e0826360/2020

{fWashington/O; N ELFETFIER T
quadrivalent

2023-2024

ANictoria/4897/2022

AfDarwimn/9/2021

fAustria/1359417/2021and BfPhuket /30732013 for
quadrivalent vaccine)

Total

17 vaccine antigens

30

24




Highly pathogenic avian influenza virus (H5 subtype)







should be also updated.




Waestgeest et al.,, J Virol, 2014

2 exhibits better universal antigen candidacy.

Conventional seasonal influenza vaccine

Viral particles Inactivated vaccine antigen
(15 ug, HA protein)




Conventional influenza vaccine induces mostly HA Abs

-specific Abs #‘?

e
1

NA-specific Abs < ,«5;' :
.

Others » "v >

Inactivated vaccine antigen
(15 ug, HA protein)

More HAs are incorporated on the viral surface membrane

-specific Abs

NA-specific Abs

Others
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-> A/HIN1
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focus on the A/H1!\1 vaccine antigens
-> A/HIN1
-> HPAI H5N1

focus on the A/H3!\” vaccine antigens
-> various genetic clades of A/H3N2

Then, the vaccine candidates may be;

focus on the A/H1N1 vaccine antigens
-> A/HIN1
-> HPAI H5N1
=> inter-subtype universal vaccine

focus on the A/H3N?2 vaccine antigens
-> various genetic clades of A/H3N2
=> cross-clade (intra-subtype) vaccine
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Each HA and NA vaccine antigen may present;
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Each HA and NA vaccine antigen may present;

HA -> Specificity

-> Lniversality




HA -> Specificity

-> niversality

The optimized HAS-NAU stategy for better vaccine efficacy

The HAS-NAU strategy;

- protects from seasonal influenza and variants.
- may provide efficacy against

Seasonal influenza virus HPAI H5NT1 virus
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TLMQVFG VoM

hH11 key mutations per clade

NAT NAZ

Framework site ENS, R156, W178, 5179, D198, 1222, E227, H274, E277, N294, E425

Enzymatic site R118, D151, R152, R224, E276, R292, R371, Y4086

. X Lack of 150 cavity
145-150-041 numbentrig) V149: salt bridge between D147-H150

150-cavity ; ml
147-152 *1149 (N2 bering) i
= 3 QUMBELTE (D199 participates)

81, 7, 147, 150-156, 197-199,
249-251, 292-300,

Stalk domain Enzyi

, 428-435
Extracellular =

+ Formed by the oxygen of main chain residue 297, 345, 348 and side chain of
- Ca binding site N324
Cytoplasm ] Additional a.a. 293, 347, 111-115, 139-143

T 8 conservative disulfide bond (additional bond in N2, N8, N9)
Disulfide bond Cys(C)161 of N1

sequence

=ignal anchor
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B mutation

N-linked glycosylation (loss)

P The NA protein of recent H5N1 viruses possesses
a full-length stalk domain.




Also, the NA protein harbors several critical mutations
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Vaccine antigen designs from the hH1'1 and avH5
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Vaccine antigen designs from the hH3
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The HAS-NAU strategy is set up for the next steps.

- H1, H3 HA vaccine design: WHO recommended HAs
- N1 vaccine designs: to cover hHIN1 and avH5NT1
- N2 vaccine designs: to cover various clades of hH3N2

Seasonal influenza virus HPAI H5N1 virus
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Q Topic

SFTS mRNA Vaccine Research and Development

Q Abstract

Severe fever with thrombocytopenia syndrome (SFTS) is a tick-borne emerging
infectious disease and caused by Dabie bandavirus also known as SFTS virus
(SFTSV) belonging to the genus Bandavirus. Since SFTS first reported in China in
2012, subsequently confirmed cases in recent years have been reported in South
Korea and Japan with high mortality rate of over 20%. Despite the wide
distribution and high fatality of SFTS, there is no licensed vaccine. Therefore, we
evaluated immunogenicity and protective efficacy of SFTSV mRNA vaccine with

research collaboration of Korea NIH and Moderna in mice.

As a result of our study, the selected candidates showed more humoral and
cellular immune responses as well as stimulating protective immunity than others.
It indicated that these candidates have possibility as the most promising

candidates for protection against SFTSV infections
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Q Topic
Broad spectrum vaccine and mAbs for sarbecoviruses

Q Abstract
Although the public health emergency is over for the COVID-19 pandemic, the
virus variants are continuously circulating and mutating. It is therefore necessary
for us to continue our effort to develop better and more effective vaccines and
other countermeasures. In this presentation, we will focus on our approach for
cross—clade boosting vaccine development as well as our latest data on
broad-spectrum neutralizing human monoclonal antibodies for SARS-CoV-2,
SARS-CoV-1 and animal sarbecoviruses.

\,
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Q Topic

Vaccine adjuvant platform

Q Abstract

CHA Vaccine Institute is a “clinical stage biotech company” focused on the
vaccines, both prophylactic and therapeutic for infectious disease, as well as

cancer immunotherapy.

Our core technology is vaccine adjuvant platform, which is based on TLR2 and
TLR3 agonists. Vaccine adjuvant is a substance that increases or modulates the
immune response to a vaccine. By using adjuvant technology, we can improve the

efficacy of the current vaccines and also develop novel vaccines.

In this presentation, | will introduce functional advantages of our adjuvant L—-pampo
and Lipo—pam and explain the current status of our vaccine pipelines using this

platform.
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Leading biotechnology company
with global competitiveness
CHA VACCINE INSTITUTE

Presented to IDRIC

Executive Summary CHA

CHA Vaccine Institute (KOSDAQ: 261780) is a dynamic biotechnology company
that specializes in the development of groundbreaking therapeutic and prophylactic vaccines,

along with innovative cancer immunotherapies.

Key Points

= Cutting-Edge Adjuvant Platforms: Our TLR2/TLR3 agonist combination significantly improves vaccine and
anti-cancer efficacy.

= Tackling Urgent Medical Needs: \We address critical medical needs, including Chronic Hepatitis B ($5.6 billion)
and Herpes Zoster ($5.0 billion).

* Advancing Clinical Trials: We have three ongoing trials, including a Phase 2b vaccine and two Phase 1
prophylactic vaccines.

= Strong Intellectual Property: With 40 worldwide patents, we ensure robust protection for our innovative
solutions.

= Experienced Leadership: Our team provides expert guidance in the biotech field.

= Seeking Partnerships: We actively seek partnerships to co-develop and out-license our revolutionary adjuvant
platforms, vaccines, and cancer immunotherapies. Join us in revolutionizing healthcare and making a lasting

global impact.

CHA Vaccine Institute, Co., Lid. 2
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Prologue. CHA Health Systems: Industry — Academy — Research — Hospital

+ 7 Reproductive Medicine Research Centers
with over 150 Researchers
+ CHA Advanced Research Institute with 10

+ 81 Medical Centers across 7 Countries
(15 in Korea & 66 overseas)

+ 1,730 HCPs and 14,000 Employees
Hospital Research Labs and 31 Researchers oo

Bio Companies (32)

]
Stem Ced & Regenerative
Genersl CHA Daegu Women's Medical Center <
CHA Gangnam Medical Center Tokyo Cell Clinic @)
CHA Gurn Medeot Corter Singapore MedicalGroup % O = CHA Heah Systoms
CHA Holywood Presbyterian Medical Check-up Centers * CHS Property Management
Medical Center &) Chaum Premium Medical Exam Clinic Heltywood Medical Center
F ook Medical Check-up Center
cHA Fertiity Center [t —— CHA Health Pian, Inc
Seoul Stat ASity Cent Bundang, Gumi)
%mmm;umm g
CHA Gumi Fartity Canter ARSI Lite Conte Medical Sorvice
CHA Daegu Fertility -

School
Genarsl Graduate School
University duste 5 f
College of Nursing Graduate School of Cinical Pharmacy

of
College of Li
| Education Institutes (3)

CHA Vaccine Institute, Co., Ltd. 3

Prologue. Our Corporate Identity

Specialized in next generation vaccines and immunotherapies,
based on proprietary adjuvant platform technology

ETES

Unique TLR 2/3-based Adjuvant Platforms

|

nt of Development of
cancer immunotherapy & cancer vaccines

Development of novel and competitive vaccines & immunotherapies

Y

Addressing target markets with large market size and unmet medical needs

Cancer Vaccines

Cancer immunotherapy
Immune checkpoint inhibitor

Influenza /| COVID-19

Hepatitis B(HBV) Herpes Zoster

First —in-Class chronic

Combination therapy
I Prevention of recurrence

Approx. U$ tens of Bil. Approx. U$ 4.0 Bil.
(Global market size) (Global market size) (Global market size)

First-in-class therapeutic
HZ vaccine / Best-n-Class

vaccine for non-responders pophyiactic HZ vaccine

Approx. U$ 5.6 Bil. Approx. U$ 3.0 Bil
(Global market size) (Global market size)

combination by heating up the
cold turnor

hepatitis B therapeutic
vaccine / Best-in-Class

Vaccines for outbreaks

CHA Vaccine Institute, Co., Lid. 4

214 1




I

Our Product Pipeline

Specialized in proprietary adjuvant-based vaccines and immunotherapies,
for the treatment of infectious diseases, chronic diseases, and cancers

Te——

Chronic Hepatitis B
Therapeutic Vaccine Discovery Preclinical Phase 1/2a Phase 2b
(CVI-HBV-002)
Prophylactic HBV
Vaccine Discovery Preclinical Phase 1
(CVI-HBV-002)

Infectious Herpes Zoster Vaccine ! .
Disease (CVIVZV-001) Discovery Preclinical Phase 1

Sublingual COVID-19 Caneion

Di Y 7
(CVI-SL-CoV-001)

Flu-COVID-19 Combined

Vaccine Discovery
(CVI-FluCOVID-001)

Cancer Immunotherapy
(CVI-CT-001) Discovery Preclinical
Multi-peptide
Cancer Cancer Vaccl Di Y

(CVI-CV-001)

HSP-90 epitope peptide 00“?“9;&“0"

Cancer Vaccine Discovery Preclinical Aston sci

(AST-021p Aston Sci) :

CHA Vaccine Institute, Co., Lid. §

I

CVr's Adjuvant Platforms Offer Advantages Over Conventional Adjuvants

= L-pampo™ & Lipo-pam™: Innovative adjuvant platforms utilizing TLR2 and TLR3 agonists
that demonstrate excellent synergistic effects in inducing robust humoral & cellular
immune responses
= Superior performance in diverse vaccines targeting infectious diseases and cancers
= Proven clinical safety for over 200 patients (up to phase 2b)
= Diverse formulations capable of delivering peptides, proteins, and nucleic acids as antigens
= Not derived from natural products; a combination of synthesized materials
= Scalable manufacturing process

= |Long-term stability in liquid vaccine formulation: 36 months at 2~8°C

Superior performance, Safety, Stability

CHA Vaccine Institute, Co., Lid. 6
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]
Innovative TLR-based Adjuvant Platforms: L-pampo™ & Lipo-pam™ (1) CHA |

L-pampo™ & Lipo-pam™ are innovative adjuvant platforms that utilize TLR2 and TLR3 agonists
to demonstrate excellent synergistic effects in inducing robust T cell activation

— T —

Alum Non-TLR
S r“‘ |__|mc;-
compores | 3 Y AR o
o ‘.{&L.l 8 S 8 7 Tusen 80
« Acts as antigen delivery vehicie
Major Immune —sbw;?:ma:ﬂgw::ild results in prolonged immune
Mok response
+ Aluminum salts - MF59 ke adj"‘f;m LR Pk
- AS03 e Lo il
Adjuvants + Emulsion, liposome 1 Sebsinyie Prophylacti P\::dw
e :5 for HBV Herpes Zoster
CHA Vaccine Institute, Co., Lid. T
-I-
]
Innovative TLR-based Adjuvant Platforms: L-pampo™ & Lipo-pam™ (2) CHA |

Scalable platforms from infectious diseases, to chronic diseases, to oncology

|
Li mal form n ki

Complex of TLR2 & TLR3 agonists

TLR2 agonist (cell memb.)
+

TLR3 agonist (endosomal memb.)

EVI-ADL-005
Catonis Sposoms  TLRY it EVADISS  TURIRgasd

+ Excellent immune-boosting effect of L-pampo™ » Complex of TLR2 and/or TLR3 agonists formulated in
— 100x higher antibody induction than Alum liposomes
— Excellent adjuvanticity over MPL, CpG, and MF59 — Dual effect: Immune response booster + Ag delivery vehicle
- Inducing mucosal immunity - Applicable to peptide, protein, DNA and RNA vaccines
(7 CIOVANE. | ol kit Syt Moy NN, * Designed to induce stronger cell-mediated immunity

= Chuical sxfagy proven: phase 24 Ongong « Inducing mucosal immunity

+ Vaccine pipeline using L-pampo™: 2 ™.
Chronic hepatitis B therapeutic vaccine, Prophylactic HBV byl puscloioonl ol ing s SRR
vaccine for non-responders, COVID-19 vaccine, Cancer Herpes Yoo, LU L) pECCcS
vaccines

CHA Vaccine Institute, Co., Lid. B
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THF-a (pgiml)

T™

. Lpam

0000
40000
I0000:

20000

0 60 100 200 100 160 200 &0 100 160 10 6 60 &

L-pampo™ Induces Higher Production of Pro-inflammatory Cytokines (in vitro)

0 20 & 10

CHA

16 1A0x1Bx 12x 1x Ix dx  Bx

Alum TLR3a

CpGODN

Combination of adjuvants vs. L-pampo™

IL6 (paimi)

TLRZa MPL Qas-21

Adjuvant (ugiml)

L-pampo™
Raw264.7 (subject: mouse)_24 h_TNF-a_ELISA

(ugfmi)

~ » $
o&""“f&w P EE ‘,ﬁv&,‘i‘f@’&? S e Raw264.7 (subject: mouse)_24 h_miL-5_ELISA

L-pampo™ exhibits a superior capability for inducing pro-inflammatory cytokines

compared to conventional TLR-based adjuvants such as TLR2, TLR3, TLR4, TLR9 agonists, as well as Alum and
Q5-21, whether used alone and in combination.

CHA Vaccine Institute, Co., Lid. 9

HBV vaccine

Influenza vaccine

HT7Ng avian influenza
Vaccine

SARS-CoV-2 vaccine

Peptide cancer vaccine
{breast cancer)

Japanese encephalitis
vaccine

Acellular pertussis
vaccine

HIV vaccine

Herpes Zoster vaccine

Mucosal vaccine
{OVA - model Ag)

Morovirus vaccine

= Alum
* AddaVax™
» CpG ODN (TLR® agonist)

= Alurm
= AddaVax™

= Alum
* AddaVax™

= Alum

« AddaVax™

= AddaS03™ (AS03-like)

» CpG

= Incomplete Freund's Adjuvant (IFA) &
Complete Freund's Adjuvant (CFA)

= TLR4 agonist (MPL)

* Alum
= Alum+TLR4 agonist (AS04-like)

= M. Tuberculosis derived TLR4 agonist
= Cholera toxin-based adjuvant
* Alum

= Alum
= IFA

+ ASD1: liposome+MPL+QS-21
* ASOZ2: MF58+MPL+QS-21
* Q5-21 only

= Alum

= Alum
« Alum+TLR4 agonist (AS04-like)
= Cholera toxin-based adjuvant

L-pampo™ & Lipo-pam™ Enhance Cellular & Humoral Immunity (in vivo)

Head-to-head comparisons Animal strains

» C57BL/E mice
= BALB/c mice
* HBsAg/HLA-A2 Tg mice |

= BALB/c mice
(Young, Aged)

* BALB/c mice
* Ferret

* Ferret
* BALB/c mice

* CSTBL/S mice
* FVBE/N-Tg (MMTVneu)
mice

« BALB/c mice

= BALB/c mice

enhances the production of ¢l

« BALB/c mice

= C5TBL/E mice

= BALB/c mice

« BALB/c mice

L-pampe™

d the strongest h | and cellular immune

L-pampo™ i
responses.

L-pampe™ induces superior protection efficacies in terms of HI
titers and |gG GMT, and the highest cell-mediated immunity.

L-pampe™ induces superior protection efficacies in terms of HI
titers, 1gG GMT, and lung virus titers, as well as the highest cell-
mediated immunity.

L-pampe™ induces the highest neutralizing antibody titers and
strongest cell-mediated immunity.

L-pampo™ induces the strongest Th1 immune response.

induces the highest antigen-specific antibody
production and cell-mediated immunity.

L-pampe™ induces the strongest humeoral immune response and
itched IgG antibodies.

L-pampo™ induces the highest humoral immune response.

Lipo-pam™ induces the most effective humeoral and cellular
immune responses,

L-pampo™ induces the most potent mucosal, humoral, and
cellular immune responses,

L-pampo™ & Lipo-pam™ induce the most effective humoral (1gG
Ab, Igh Ab, HEGA Blocking Ab) and cellular immune responses.

CHA Vaccine Instaute, Co., Lid. 10
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Innovative TLR-based Adjuvant Platforms: L-pampo™ & Lipo-pam™ (3) CHA

Effective & Versatile Adjuvants for Vaccine Development

Enhancing cell-mediated immune response (Th1)

Therapeutic T cell vaccine

Sparing antigen dose

. Inducing mucosal immunity

Boosting immune response in the elderly

Inducing long-lasting immune response

. Breaking immune tolerance with a strong immune response

Chronic hepatitis B therapeutic vaccine

= Chronic hepatitis B therapeutic vaccine
+ Recombinant Herpes Zoster vaccine

Cancer Immunotherapy
Anti-cancer vaccine

Influenza vaccine

Influenza vaccine

Influenza vaccine

Norovirus vaccine
Sublingual COVID-19 vaccine

CHA Vaccine Inssnute, Co., Lid, 11

{ 15828104 anuaAsy

HBV-001

- 3™ generation antigen L-HBsAg
+ adjuvant Alum
- Best-in-class

Portfolio Scalability Using CVI's Adjuvants

HAV.:cc-r-c
Institute
1] AP R

With its unique and competitive adjuvant platforms,
CVI will build a strategic portfolio and generate a solid revenue

* 3™ generation antigen
+ acjuvant L-pampo™

* Firstin-class

* Phase 2b ongoing

HBV-002

Therapeutic vaccine for
chronic hepatitis B

- Phase 1/2a completed HBV-001,002

» HBV-002

- 3™ generation antigen L-HBsAg for hepatits B
+ adjuvant L-pampo™
- First-inclass
- Phase 1 for non-responders

ongoing

+ Quadrivalent HA antigen
+ adjuvant L-pampo™

« Developed for the sldery
who show lower efficacy

Flu-001

Fu vaccine
for the eldely

Flu-002
Awian Influorea
vacone
= Vaccines for outbreaks
= IND approved in 2020

= RecombinantgE anbigen + adpvant Lipo-pam™
= First-n-class thempeutic for PHN,

the long term complication of Herpes Zoster

* Bestin-class prophylactic vaccine for Herpes Zoster
» Phase 1 ongeing

Demonstrates superior efficacy in ] clucti d
L ol
2 track programs: Flu combined & Subki

218 1
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CVI-HBV-002: adjuvanted HBV vaccine, very potent vaccine

Therapeutic potential was confirmed using HBsAg/HLA-A2 Tg mouse model
To overcome immune tolerance and eradicate HBV antigens*

» 3" generation antigen including preS and S Ag
= Highly immunogenic
* Glycosylated VLP (Virus Like Particle) Ag

Overcome
immune tolerance

Highly Therapeutic vaccine

'"YlmU:OQem'C CH A Yaceine ’ for chronic hepatitis B —
“L HBgS Ag” e - Phase 2b on-going
2 m— S
a8 == Strong immune - @ Functional cure
gﬁ responses both 3
b humoral & CMI

CVI-HBV-002 . . [
: Prophylactic vaccine
Strong Adjuvant ’ for non-responders —

“L-pampo™" - Phase 1 on-going

+ Complex of TLR2 & TLR3 agonists

* Synergistic effects in inducing immune responses (both humoral & cellular)
* Th1 immune response induced

*published in Clinical Vaccine and Immunoclogy in 2012 CHA Vaccine Instnute, Co., Lid. 13

CVI-HBV-002: Therapeutic Potential in HBsAg/HLA-A2 Tg Mouse Model*

CVI-HBV-002 enhances immune responses & reduces blood HBsAg
in the immune-tolerant model

A thos:as,atoros HBaAg rcution i thebiood
. e =2 e BRSNS
708408  w anthpreS

L-HBsAg

i § 40EH04 ladis
e corrs) e 588%  17(14.29)
5.0E«05 30E+04 um
E ACES g 25E-M cvl
s06+05 e LHBsAG | giom  smriam
E 2OEW0E g 1:@1 i i * Lpampo’
10605
ooEwp W sty I = 2 Gen. t‘:’;ﬁ 122% O/7(0.00)
L Lo ) LHEaAGAuT)  L-HBaAg(L-pampe™)
- Highest Ab titers in the L-HBsAg + L- - Ab isotype switching observed - HBsAg reduced In the L-HBsAg +
pampo™ group (CVI-HBV-002) in the L-HBsAg + L-pampo™ group L-pampo™ group (CVI-HBV-002)
+ No Ab response in the HBsAg + Alum (CVI-HBV-002) — Complete disappearance of HBsAg
group (conventional 2 gen. HBV =+ Inducing strong Th1 response in 5/7 mice (71%)
vaccine)
s A

v

Proved the potential to achieve functional cure
by overcoming immune tolerance and inducing immune response in CHB ents

* A model for T cell telerance to hepatitis B surface antigen in chronic hepatitis B virus infection developed by Institut Pasteur

CHA Vaccine Instnute, Co., Lid. 14
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CVI-VZV-001: Recombinant Herpes Zoster Vaccine in Phase 1 CHA

Preclinical studies of CVI-VZV-001 have demonstrated
tolerability and higher immunogenicity.

» Liposome formulation with adjuvant L-pampo™

= Dual acting (Ag delivery & Immune booster)

= Robust CMI response

« Safety proven by CVI adjuvanted vaccine studies

Advantages

F)

Inducing strong CMI _.-"i
ra
C:‘::.Il-‘VZVﬂU;Id Excellent adjuvant
with improv “Lipo-pam™”
First- in-Class immunogenicity, e
Therapeutic
{fhietagautic) Rty 5 Recombinant antigen
productivity “gE Ag”
g
Best-in-Class \ CVI-VZV-001
(Prophylactic)

+ Recombinant antigen produced in CHO cells
+ Truncated with a deletion of 77 a.a anchor domain
+ B cell and CD4+ T cell epitopes

CHA Vaccine Instnute, Co., Lid. 15

CVI-VZV-001: Superior Efficacy Over Existing Herpes Zoster Vaccines

CVI-VZV-001, a Lipo-pam™-adjuvanted vaccine, demonstrates higher efficacy,
with higher cell-mediated immunity and polyfunctional T cells

CVI-VZV-001 vs. a live-attenuated vaccine CVI-VZV-001 vs. a recombinant vaccine

%Paeponding C04 T odls

220 1

(Zostavax™, Merck & Co.) (Shingrix™, GSK)
— Cell-mediated immunity — G = Cell-mediated immunity 1
IFN-y ELISPOT IFN-y ELISPOT
G1.PBS E G1. VZV gE Ag 2.5ug + ASD1 (Shingrix™, GSK)
G2. Zostavax™ (Merck & Ca.) G2. V2V gE Ag 2.5ug+ Lipo-pam™ 1x (#1)
G3.VZV gE Ag +Alum § wd T L G3. VZV gE Ag 2.5ug + Lipo-pam™ 1/2x {#1)
G4.VZV gEAQ * L-pampo™ g G4, VZV g Ag 259 + Lipo parm™ 1x (#2)
G5.VZV gEAg + Lipo-pam™ & L G5.VZV gE Ag 2.5ug + Lipo-pam™ 1/2x (#2)
. G1 G G3I| G4 G5

CHA Vaccine Instaute, Co., Lid. 18
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CVIFlu-001: An Influenza Vaccine for the Elderly in Preclinical Studies CHA

L-pampo™ adjuvanted CVI-FIu-001 is designed to induce higher Ab production and
long-lasting responses in the elderly

+ Quadrivalent flu vaccine (split virion, inactivated)
= Two A subtypes & Two B types

« Collaboration program
prog Advantages

3

%

Higher HI Titers and CMI

‘
kY
Seasonal Flu vaccine

“HA Antigens
from 4 flu viruses” Enhanced
Flu vaccine efficacy Long Lasting Response
Potent Adjuvant for elderly
CVI-Flu-001 Cramp

¥
7
£

» Complex of TLR2 &TLR3 ligands

» Synergistic effects in inducing both humoral &
cellular immune responses

Strong Th1 immune response

Sparing Antigen Dose

CHA Vaccine Insttute, Co., Lid, 17

I

CVI-NoV-001: L-pampo™ Adjuvanted Norovirus VLP Vaccine Program CHA:

Multivalent Norovirus VLP vaccine platform: Robust humoral, cellular, and mucosal immunity able for cross-
protection agamst various genotypes

= Inducing mucosal immunity

+ Dual acting (Ag delivery & Immune booster)

» Robust CMI response

+ Proven safety by CVI adjuvanted vaccine studies

Advantages
Potent adjuvant CH Vaccine
Inducing neutralizing Ab “L-pampo™” :nstltule
5 “Li 0 -] ammn
Prevention of e A
kGG ot Norovirus-derived Various Ag types o
immune response gastroenteritis “Norovirus VLP”

CVI-NoV-001

Inducing strong CMI

+ Multivalent VLP antigens produced by
Baculovirus expression systems

+ GlL1, GL3, Gll.2, Gll.4 consensus sequences

CHA Vaccine Instaute, Co., Lid. 18
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CVI-SL-CoV-001: Sublingual COVID-19 Vaccine CHA

A subunit vaccine targeting mucosal immunity,
which is safer, more effective, and more convenient than existing COVID-19 vaccines

+ Inducing humoral & cellular immune responses
* Respiratory mucosal immunity

Advantages

Needle-free
administration

Potent adjuvant
{lL_pampoN!I

Prevention of

Sublingual
Reducing distribution COVID-19 disease delivery system
Ozt in LMICs Ag types
“RBD of VOCs” CVI-SL-CoV-001

Inducing mucosal
immune response

*+ SARS-CoV-2 delta variant RBD antigen
» Sublingual delivery system provided by BioLingus

CHA Vaccine Instaute, Co., Lid. 19

1
L-pampo™, a Potent Cancer Vaccine Adjuvant

L-pampo™, a potent cancer vaccine adjuvant, promotes robust tumor antigen-specific T-cell immune responses
in the Tumor-Immunity Cycle induced by cancer vaccines

L-pampo™
+ tumor antigen , Cancervaccine
immunization
o Tumor cell /._._ p CDE" T cell
e
DC * Antigen release 5 ¥ >
Attack tumor cells (ApcE )« » +
: JYox %
APC migration A ‘_}h ’j
® e {
] { \ .
1 /
T -6 :
‘. T B cell Infiltration into
2 Bl ymphnode tumors
Priming and activation *2® =
< \ /
(APCs and T cells) -;Jt . peren
|
Am'_““'?e i Tcell ([
ctivation Ld 3 & .. Proliferation and
differentiation of T cells Liu et aj, 2022

CHA Vaccine Instaute, Co., Lid. 20
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1
Collaboration Opportunity Summary CHA e
SR
L-pampo™ & Lipo-pam™ Platform Technology
1 * Synergistically Induces Humoral and Cellular Immune Responses
« Therapeutic Potential by Eliciting a Strong Th1 Immune Response
+ Platform Clinically Proven Mature: Phase 2b
—
oy
Huge Market Potential with Disruptive Approaches
* First-in-Class Therapeutic Vaccine for Chronic Hepatitis B
2 - Best-in-Class Prophylactic Vaccine for Hepatitis B Virus
« Best-in-Class Prophylactic Vaccine for Herpes Zoster i
+ Best Immune Checkpoint Inhibitor Combination Therapy to Overcome Resistance to ICI Therapy "‘_
| ’» e . ?
o ) . | , < J
CHA Vaccine Institute is Seeking Collaboration Partners \4 4 'P ]
3 + Co-development & Out-licensing of CVI's Existing Pipelines < e
* Co-development of Combination Therapy with CVI's Pipelines ~ \/ jl
-

« Collaboration to Develop Novel Immunotherapies with CVI's Platform Technologies }{ ﬁ\ e

CHA Vaccine inatilie Co., Lid. _ 21

Vaccine
Institute

BB o T e S
THANK YOU

Jung Sun Yum, PhD CEO & CTO
Tel: +82-31-881-7340
Email: jsyum@chamec.co.kr

Jahoon Choi Senior Manager | BD
Tel: +82-10-2049-5987
Emall. jahoons@chamc.co. kr

Address: Byucksan Technopia 406 Dunchondaero 560, Jungwongu, Seongnamsi, Gyeonggido, Korea
Homepage: http://en.chavaccine.com/

CHA Vaccine Inssnute, Co., Lid. 22
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Speaker

Jinan Shin

& SK bioscience
& Vice President

Q EDUCATION:

0 2020 Ph.D. in Pharmacy, School of Pharmacy, Sungkyunkwan University
0 2004 M.S. Biological Science, KAIST
0 2002 B.S. Genetic Engineering, Korea University

Q PROFESSIONAL EXPERIENCE:

0 2018 ~ Present SK bioscience
0 2008 ~ 2018 SK Chemicals
0 2004 ~ 2008 Hanmi Pharmaceutical
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Q Topic

SKY mRNA Platform for Prophylactic Vaccine Development

Q Abstract

Introduction:  SK initiated research into mRBNA vaccines in response to the
COVID-19 pandemic. In a relatively short period, the company secured its mRNA
platform and undertook research and development for infectious diseases such as
Covid, Japanese Encephalitis Virus (JEV*) and Respiratory Syncytial Virus (RSV). The
SKY mRNA platform incorporated proprietary UTR combinations and poly A-tail
modifications to enhance antigen expression, mMRBNA stability, and process
convenience. With improved protein expression and process convenience, the
platform now encompasses clinical-scale GMP production processes and analytical
methods.

Methods: Using the SKY mRNA platform, antigens for JEV and RSV were
introduced to generate vaccine candidates. These candidates were administered to
mice or rats to induce in vivo immune responses. Total antibody levels were
assessed through ELISA, while neutralizing antibodies were evaluated using Focus
Reduction Neutralization Test (FRNT) and Plague Reduction Neutralization Test
(PRNT). T-cell activity was examined through Intracellular Cytokine Staining (ICS)
and Enzyme-Linked ImmunoSpot (ELISPOT). The efficacy of the vaccines was
validated through a Challenge study.

Results: In all groups administered with the JEV vaccine candidate, effective total
antibody and neutralizing antibody formation were confirmed through ELISA and
FRNT analyses. T-cell activity was verified through cytokine analysis. Ultimately, in
the Challenge study using a lethal dose of JEV virus, all groups vaccinated with
the JEV. mRNA vaccine candidate showed no pathological signs, confirming the
efficacy of the vaccine candidate.

For the RSV vaccine candidate, analysis using ELISA and PRNT confirmed the
induction of total antibodies and neutralizing antibodies in the vaccinated groups.
Ongoing research is focused on developing a vaccine utilizing a novel form of
prefusion antigen for RSV. Conclusions: By applying antigens of diverse infectious
diseases such as Covid, JEV, and RSV to the SKY mRNA platform, reproducibility
in production processes and in vivo immunogenicity were validated. This platform
technology secures the foundation for developing prophylactic vaccines. The SKY
mRNA platform is poised to play a crucial role in the rapid and effective
development of vaccines in response to emerging infectious diseases in the future.

(*:The Japanese Encephalitis Virus (JEV) research project is being conducted with
sponsorship from CEPI.)
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International Conference USJCMSP
SK Bioscience

SKY mRNA Platform for Prophylactic Vaccine Development
Jinan Shin, Ph.D. Vice President

Mar 2024

SK Group — Biopharmaceuticals Portfolio SK "bioscience

% = =
::2from Prevention & ] to Cure

Vaccine business across R&D, Pharma R&D and

process dev., manufacturing, and SK chemicals manufacturing
SK "bioscience commercialization
5_ Plasma fractionization and
SK plasma blood products
. Novel biopharmaceutical ther
pup—— e SK biopharmaceuticals apeutics R&D
Pangyo R&D Center Andong L-House Plant
+ Diverse Vaccine Platform + High Flexible Single Use System ) ) )
- PD, Analytical, Serology « Multi-Modular system Biopharma CDMO including
+ B50FTE . 390 FTE SK pharmteco CGT and API
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SK bioscience — Upgrading R&D/Mgf. Infra

SK bioscience

Songdo Global R&PD Center
AN =

“Global Hub for bio R&D"

+ Pangyo R&D Center's seamless R&D and process
development excellence

v

+ Global hub for R&D ecosystem for top-tier partners
* Upgraded R&D infra & scale by 1% half 2025

“Vaccine/Bio Mfg. Hub Expansion”

+ Diverse and agile manufacturing capacities (Bacterial
suits, \iial suits and Fill & Finish)

+ Globally qualified EU GMP and cGMP readiness

+ Top tier technology platform
(mRMNA, small footprint and modular system)

CONTENT OVERVIEW

SKBS mRNA Manufacturing Platform

JEV Vaccine [CEPI]

RSV Vaccine

Further Plan

230 1
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SKBS mRNA Manufacturing Platform

Platform for mRNA Vaccine

SKY mRNA Manufacturing Platform

SK "bioscience

Process Development

¥ Process Diagram

[ Alkaline Lysis |
[ RNA Precipitation ]

1 _
Cemr'rlugmln & Filtration

Intermediate [ 1% UF/oF |
(RO [ 1% Chromatography
2nd U‘lrogl—'a_:jjr_gghy ]
[ 29 UF/DF
I_St_eﬂe_filt_mn_

[ Linearization ]
Chrgnﬂt‘ggiagh[
[ UF/DF |
Drug Substance
(mRNA) | In-vitro Transcription (IVT)
: Chromatography
[ UF/DF

[ Sterile Filtration
[ Formulation

Sterile Filtration
[ Vial Filling ]

Drug Product

(mRNA-LNP)

¥ mRNA Platform

Modified NTP PolyA
HisW NIm¥® Nim® NisW Nim% Nim¥ Nisd Nimy
5' Cap L

ey

UTR UTR

Lipid Nanoparticle

¥" Scaling Up from the Lab to a GMP Facility

-
S -

T e
—n__ g
g >
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SKY mRNA Manufacturing Platform

SK “bioscience

Analytical Method Development

v Analytical Methods for Drug Substance, DS (mRNA)

¥ Analytical Methods for Drug Product, DP (MRNA-LNP)

Category Quality Attributes Analytical Method Category Quality Attributes Analytical Methods
Appearance Appearance
pH Potentiometry
General Appearance Appearance General  Visible particle Particles
H Potenti " sub-visible particle Subvisible particulate matter
P otentlometry Osmolality Osmometry
. : - LNP Size Dynamic light scattering
Bioburden Bioburden
Saf. Excipients LMNP Polydispersity Dynamic light scattering
afety A
Bacterial Endotoxin Kinetic turbidimetric assay Purity mRNA Encap_sulatuon Fluorescence assay
(LAL assay) mRNA Integrity CGE
) Content mRNA Content Fluorescence assay
Puri mRNA Integrity :Iae pclt"rzwhiisis Identity Identity of encoded mRNA Sequence
urity i lonizable lipid Content
dsRNA ELISA PEG-lipid Content
Contents  mRNA Content Fluorescence assay Excipients  DSPC Content HPLC-CAD
o of 5 C. RP-UPLC Cholesterol Content
Integrity or>tap - Lipid Identity
% of Poly A Tail RP-UPLC (TBD) Poten In-vitro Expression Cell based assay
) . Y panT PRNT
Identity mRNA Sequence PCR & Sanger sequencing Kinetic turbidimetric assay
Bacterial Endotoxin
P Safety (LAL assay)
Process-relate: . . 0 N
. Residual DNA template RT-PCR & Sequencing Sterility Sterility
Impurity Extractable Volume Volume of injections in
General containers
Container Closure Integrity Dye incursion

SKY mRNA Platform Development

SK “bioscience

SKBS UTR System - Translation Efficiency

5" UTR 3'UTR
promater >["J| Reporter {1} [PalyA v
UTR Screening Study
T 14
o
o2
=z
9 9
@
08 N I 1 i
& 06 l I H
&
wod
02
& 0
Negatve UTR UTR UTR UTR  UTR
Control  #1 #2 #3 4 #5

Securing UTR platform for enhanced expression:

Cell-Based Assay: Confirming expression levels in vitro using a reporter in
cell-based assays.
Animal Study: Validating effective efficacy in vivo for various antigens.

1600
1400
1200
1000

RENILLA LUMINESCENCE (RLU)
@
[=]
[=]

Expression Level Comparison

MOCK SKBS

Company A

Company B
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SKY mRNA Platform Development

SK bioscience

Poly A tailing

]

A30LA70 j
—l —
i

Linker

[ |,.'-""..i|="'.i‘1\'-“-' [N
WO RV TENY

T AT T T R TTTITITTT
LA .I’r

v SKBS platform: E.coli strain, Culture media, Culture
condition optimization
¥ Maintaining stability is possible with more than 120

— bl consecutive A stretches in the cell stock.
e 1 .
- |".I' | 'I-'|'.|f'||1','."l|"'““llI'|',.'IJ|"'H."".',”Ir' Tyttt e ettt Bt
UL A AU
v Cloning more than 100 consecutive A stretches into pDNA results in AR A AL ATAAAIAR T T T T T S T T ek

deletions, making stable maintenance challenging.

v" Frequent deletion of adenine repeat during cloning and fermentation

K

ioscience

CEPI

Japanese Encephalitis Virus mRNA vaccine

CEPI-funded mRNA Vaccine Project
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The Viral Most Wanted

CEPRI

SK “bioscience

Retroviridae
Togaviridoe

Herpesviridae

Hepevindae

viral families
known to
infect people

CEPI - Vaccine libraries provide head start on the next Disease X

JEV Vaccine Development (CEPI Funding)

CEPI

SK "bioscience

Japanese Encephalitis Virus

AN N

-~

Japanese encephalitis virus (JEV) is a flavivirus transmitted by mosquitoes, similar to dengue, yellow fever, and West Nile viruses.

It's a leading cause of viral encephalitis in Asia, with an estimated 68,000 clinical cases annually and a high case-fatality rate of up to 30%.
Survivors may experience permanent neurological or psychiatric issues in 30%-50% of cases.

JEV affects 24 countries in the WHO South-East Asia and Western Pacific regions, putting over 3 billion people at risk of infection.

While there's no cure, treatment focuses on symptom management. Vaccines are available and recommended by WHO for areas where JE is
a public health concern, aiming to integrate JE vaccination into national immunization schedules.

SK Bioscience has applied the SKY mRNA Platform to develop a JEV mRNA vaccine for public health, supported by funding from CEPI.

Gitycans,

I |
NSZA NS2B

Nature Reviews | Meusology
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JEV Vaccine Development (CEPI Funding) CEPI Sl%ioscience

Preclinical Animal Study (Humoral & cellular immunity)
¥ The test articles were manufactured using either HanmiCap or CleanCap and Modified UTP. (HanmiCap supplied by Hanmi Fine Chemical

and CleanCap supplied by TriLink).
¥ The humoral and cellular immune responses of the vaccine candidates were evaluated using ICR mice.

HanmiCap { Lm JEV prME IJi | |—’W‘""

4+ 1" shot + Boost shot Hm1¥
= ow 2w W aw 5W
*’@ : p . \ M - B B
. S S N T—
Y. l I l l T |
ICR mouse ’
Bleeding Bleeding Bleeding Bleeding (FRNTsq) HY
(FRNTsa) (FRNTs) (FRNTw) CMI (ELIspot/ICS)
n=60 n=60 n=60 (B, n=60)
ml¥ mi¥ mi¥
CMI analysis (n=60) at acute stage CMI analysis (n=60) at memory stage CleanCap m JEV prME H I I L prrry
* CDA/CD8 ICS (IFN-y, TNF-a, IL-2) * CDA/CD8 ICS (IFN-y, TNF-ct, IL-2)
= ELispot [IFN-y) = ELIspot (IFN-¥) Cmiw¥
L d v ¥
CleanCap L“IH JEV piME ’ Ir-m
cy
JEV Vaccine Development (CEPI Funding) CEPI SKbbioscience

Humoral Immunogenicity - Antibody Evaluation

FRNT and ELISA assays were conducted to assess antibody response.

All tested mRNA JEV candidates exhibited higher antibody titers compared to comparator vaccines.

A positive correlation was observed between neutralization and total antibody titers, indicating the potential effectiveness of mRNA JEV
candidates in inducing robust immune responses.

ANENEN

The level of neutralization Abs result(post-boost vaccination) The Anti-JEV prM/E IgG titer result(post-boost vaccination)
o * NCOL
. 2 = vcol * NCo1
1044 2 : * veol
A Hm1W (0.5ug) * Hm1W (0.5ug)
|_E 1034 -4 « * HmlW (5.0ug) * Hm1W (5.0ug)
= = Hy (0. * HW (0.5ug)
3 W (0.5ug) = 4w (5.008)
w1024 = HW (5.0pg) 4 CmiW (0.5pg)
= 4 CmilW (0.5ug) 4 CmiW (5.0ug)
1074 N T CW(05ug)
Cm1W (5.0ug) T W {5.0ug)
T W (0.5ug) * Imajev
v | * IXIARD
o 05 50 0550 0550 05 5'”(@9"@}0 CW (5.0u8) |
FF N T e ow > Incjav o o B L L Mifésp
: * IXIARD
Hmi®  H¥  Ccmi¥ CW
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JEV Vaccine Development (CEPI Funding)

C E P l Slz%bioscience

Immunogenicity Study - Cell Mediated Immunity (ICS, ELISpot)

v" Intracellular Cytokine Staining (ICS) and ELISpot assays were performed to assess cellular immune response.
v SK-JEV mRNA candidates were found to elicit CD4+ and CD8+ T cell responses from 10 to 31 days post-vaccination.
v Additionally, SK-JEV mRNA exhibited prolonged T cell responses and higher levels of IFN-y compared to comparator vaccines.

4

ICS ELISpot
- IFN-y 6 o TNF-a a IL-2 i
H m2g 3 W3a 2 B3
‘: inl Fo E 2 Total number of IFN-y 5FC per the spleen
T ] 1
o4 T g H g i .
5 s é o8 o os i £
2 : : £ £
#® # B =
g Eunane Ly s omrunnnt Ly et H E—
s .
= . -4
M mia § % mid g mod i "
; o3 _;;m mad £ |3 s :laai:n'.'aa-._wff S nsenssnisenss
cD8* T e E " 10 Hmi® WY cmiw CW Hmi¥ H® ¥ W
§ i3 E < Acute phase, 10d> < Memory phase, 31d>
= 2
3 8 g
k] 3
: R :
FRETIE VPRI

JEV Vaccine Development (CEPI Funding)

CEPIl si®

science

Preclinical Animal Study (Effectiveness (Protective))

Chemical and CleanCap from TriLink.
v"  Effectiveness studies were performed utilizing C57BL/6 mice and the JEV Beijing-1 strain.

Monitoring for lity/maorbi

= Mortality (survival curve)

» Morbidity (%BW, Encephalitis score, clinical signs)
L

r 1
JEV Beijing-1

6.0:10° ffu/head, ip.]
L+ 1 shot R | ip)
0 day 14 day 28 day 35 day 7 dpi 56 day (21 dpi)
w 1 1 1 1 1 1
T T T T T T
C57BL/6
Mouse (4 wk, §) l l

Bleeding for sera (n=5/group, n=60) Autopsy for Protection-related factors
Neutralization antibody (FRNT) = Viral load (brain, spinal cord, spleen)
= Viremia (plasma-qPCR)
» Histopathological examination (brain)

ml¥ ml¥ ml¥

v QLI e Y[

Hm14y

;) ¥ L
[ £ + 1
HanmiCap ‘ q I I H JEV prME | e AAAR
HY

ml¥ ml¥ ml¥

CleanCap L{ u H JEV prME ; AAMA

Cmiy

¥ L d L4
CleanCap Z.Jlm JEV prME ARAA
cY¥

v Test articles were synthesized utilizing either HanmiCap or CleanCap with Modified UTP, where HanmiCap was procured from Hanmi Fine
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Effectiveness

v Both SK-JEV mRNA and comparator vaccines demonstrated exceptional protective efficacy, with no observed mortality at a dose of 6 x 108 ffu/head
via intraperitoneal administration.

v Particularly noteworthy was the expedited recovery trend of clinical symptoms observed in the SK-JEV mRNA group compared to the comparator
vaccines.

v" Vfiral RNAs in the central nervous system (CNS) were undetectable (below the limit of detection) in both the SK-JEV mRNA and comparator vaccine
groups.

¥ Additionally, only mild cellular infiltration was observed in a minority of individuals from both groups, suggesting the absence of actual encephalitis or
significant brain tissue damage.

Brain Spinal Cord

% Survival rate

8 w0 1B 0 B
Days post infection

05 580810 45 88 65 10

- - - A We Cmtw
BARQ Days post infection Ry’ e cuvy-of “ i

Mean of Clinical Ssore
= =

Sl{’"‘Ei

oscience

Respiratory Syncytial Virus mRNA vaccine

SK Bioscience mRNA Vaccine Project
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RSV Vaccine Development SK bioscience

Respiratory Syncytial Virus

v Human respiratory syncytial virus (RSV) is a common virus that causes respiratory tract infections in people of all ages.
v" Ininfants and young children, RSV can cause severe bronchiolitis, which can sometimes be fatal.
v Since infections do not provide complete immunity, they are usually not serious, but reinfection is common.
v Recently, GSK's Arexvy and Pfizer's Abrysvo are approved for people aged 60 years and older.
v SK bioscience applied SKY mRNA Platform and own prefusion mutation for RSV vaccine development
Prefusion State Postfusion State
3|,_i2 Arexvy
million 336 (RSVPreF3 DA)
eianes  thousand e B
s hospitatised
lho?ignd
deaths in lolal WDA-NHB\I'
a :
) llm_kl
1 Older Adults
RSV Vaccine Development SK "bivsclénce
Respiratory Syncytial Virus
v Previously Known Prefusion mutant forms (DS-Cav1 and D52) were applied to SKY mRNA platform.
¥ FRNT and ELISA assay conducted to evaluate antibody response.
¥ Successful neutralization and total antibody response observed in SKY mRNA Platform.
¥ Neutralization antibody response of mRNA vaccine was comparable to that of subunit vaccine
v SK Bioscience will apply own prefusion mutation for preclinical test
The Anti-RSV IgG titer result The level of neutralization Abs result The level of neutralization Abs result
(post-boost vaccination) (Subunit vs mRNA)

$ $ §
. T :
533 . _ 2 5

= ]
g . < s

5453 00BA BAGI 3521 1046 1348 4074

S 05 T Spg GSg g Sig S0 OB o Swo Ol Tw  Swo Sug OSwa two Spa Spg Ofpg g Swg
WT 0S-Cavi ps2 ' wr DS-Cavl Ds2
candidate candidate candidate candidate S it i mips
DS-Cavl Ds2
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Further Plan

mRNA therapy

Further Development SK bioscience

Prophylactic Vaccine

v Japanese encephalitis virus (JEV) vaccine
+ Evaluation of safety and stability of JEV vaccine candidate is underway.
+ IND filing and Phase 1 trials are scheduled for 2024.
v Respiratory syncytial virus (RSV) vaccine
+ Immunogenicity of SK's prefusion mutation will be assessed.
+ Following the selection of the RSV vaccine candidate, NCS study will be conducted.

mRNA therapies

v' Antibody therapies have become an important class of therapeutics in recent years.
¥v" SK Bioscience plans to utilize scFv (single-chain variable fragment) with its SKY mRNA platform.
v" Itis anticipated that mRNA antibodies will expand treatment options for a broader range of patients..

AIIH Therapoutic Antibody HllFﬂW.m
1 T T || | S
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Q Topic

EuBiologics’ Vaccine Platform & RSV Vaccine Development

Q Abstract

In order for effective vaccine development, there must be a distinctive vaccine
platform others could not. EuBiologics is currently advancing the development of
an RSV vaccine using its own TLR-4 Agonist (MPLA) adjuvant(immune enhancer)
produced in-house, and SNAP (Spontaneous Nano-liposome Antigen Particle)
technology, enabling the prompt antigen display in liposomes. All non—clinical trials
have been successfully completed and EuBiologics obtained phase 1 IND approval
from the Korean Ministry of Food and Drug Safety in January 2023. In this
presentation, | aim to introduce Eubiologics' cutting-edge vaccine platform, its
diverse vaccine development portfolio, and the results from the non—clinical

research on the RSV vaccine.
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_T For Health that lasts a lifetime!
eubiologics
l. EuBiologics Company Overview
Il. Business Case
lll. Platform Technology: EuVCT™, EulMT™
IV. Vaccine Pipeline
V. Development of RSV vaccine

VI. Conclusion
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www.eubiologics.com
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- - '] . . J\
. EuBiologics Company Overview eubiologicst

EuBiologics is a publicly traded biopharmaceutical company based in South Korea focusing on
vaccine development and supply, immuno-therapeutics development for global public health.

I Company Profile Plant

2300 (TG 10™ March, 2010

HQ: Seoul, South Korea Facility gl
CITEIEE ST - Two Manufacturing sites in Chuncheon [C-Plant] [V-Plant, R&D Center]

- R&D Center in Chuncheon [Facility and Capacity]

» CPlant: Oral Cholera Vaccine-DS & DP (33M doses/y)

: EuCorvac-19 Vaccine-DS (200M doses/y, 1,000L*2 lines of
USD 340M Animal cell culture line)

Listed in KOSDAQ since Jan 2017 » V/ Plant : Bacterial Vaccine Line- DS(Total 200M doses/y)

- Vaccine Development, Manufacturing & > ICRM197, TCV, MCV, PCV and others
Supply : Oral Cholera Vaccine-DS & DP (32~50M doses/y)

Organization) - CMO for API; Suite#4, 5 (50/100/200/500/1,000-L Lines)

No. of Employee JUTRYL

Market Capital

II. Business Case: OCV & Public Vaccines eubiologics4

EuBiologics becomes the largest supplier of oral cholera vaccine(EuVichol-Plus) shipping over 110M doses to
LMICs through UNICEF, as a result of successful public/private product development partnership.

EuBiologics has continued to scale-up and developed programmatically suitable presentation and new vaccines
at affordable pricing to meet the needs of public markets and responds to infectious diseases outbreak promptly.

Date 0OCV Development History — l'
Sep 2010 0CV License Agreement with International Vaccine Institute ﬁ % S
Aug 2014 Non-inferiority trial (Euvichol vs Shanchol) in the Philippines
Dec 2015 Euvichol WHO PQ (6M doses per annum)

Sep 2016 PQ variation approval (600L scale-up allowing 25M & thimerosal removal)

Euvichol {Gfass Vial)

Aug 2017 PQ variation approval (Plastic Tube) @ L
~2024 Expects Euvichol-S (Simplified) PQ achieving cost reduction & capacity increase i3 i\‘ “'.}JTTT:
6t X ..l 4346 Bs

~Jun 2025 Scale up for DS and DP ongoing, capacity doubled up to 80~100M funded by BMGF AW dd

Euvichol-Plus (Plastic Tube)

Vaccine Development Stage Commercialization Strategy
; : ———— = Game changer
Cholera Conjugate  +  Phase | study started in Oct 2022 +  Targeting children in )
Vaccine «  Collaboration with International Vaccine Institute and LMICs to complement ; Weight, Volume down
Massachusetts General Hospital ocv ; Easy Administration
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Il. Business Case: Immuno-stimulants eubiologics’t

EuBiologics engages in active research and development in the fields of immunology and life sciences, and
produces a carrier protein(rCRM197) for the polysaccharide conjugation vaccines and various adjuvant system of
recombinant TLR4 agonist(MPLA) for enhancing the vaccine efficacy.

[EuCRM-197] ) ) . ) )
<Essential Material for conjugation with bacterial polysaccharides>
i 5 « Method for Production of rCRM197 by recombinant E. coli ; Patent No.: 10-2048456 (KR)
" iy B ,_“ + Expression Method of CRM197 Protein ; Patent No.: 10-2099342 (KR)
ol . “ﬂl
L <Adjuvant System, containing EcML>
e
*Collaboration with POP Biotechnologies, Inc. Abbreviation:
E: EcML, C: CoPoP, Q: 0S21, LS: Liposome

l1I-1. Platform Technology: EuvVCT™ eubiologics/

EuVCT™: EuBiologics Vaccine Conjugation Technology

Development & in-house production of recombinant CRM197 and conjugation know-how leads successful development of
conjugate vaccines which demonstrate higher efficacy at lower cost

/ Secondary structures (via circular dichmisrﬁ /’ Ph.1 Immunogenicity Data (GMT) \

0 0
Natural CRM197 vs recombinant CRM197 ol i, __CONP N
15 » amint _ (P = _— " N B,
« CRlky = ' 0 ;
51 CRMys7 = cPs CPS-ADH
- [ | ) w ADH 68-ADH
g |5 & =
ES]e o =
g |* o =l
isd % o = I L l L el
I I e
-25 T T T 1 EuMCYY {28 days Post Vaccination)
200 210 220 230 240 Comparates (28 cays Post Vaccination)
N Wavelength (nm) VLAY )
Patents & Publication

1) Method for Production of rCRM197 by recombinant E. coli - Patent No. 10-2048456 (KR)
2) Expression Method of CRM197 Protein - Patent No.: 10-2009342 (KR)
3) An open-label, comparative, single dose, clinical Phaselstudy fo assess the safety and immunogenicity of typhoid conjugate vaccine (Vi-CRM197) in healthy
Filipino adults.
Vaccine.2021 May 6;39(19):2620-2627. Seuk Keun Choi et al.
4) Generation of a human monoclonal antibody to cross-reactive material 197 (CRM197) and development of a sandwich ELISA for CRM197 conjugate vaccines.
J. Microbiol. Biotechnol. 2018, vol.28, no.12, pp. 2113-2120. Dain Kim et al.
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l1I-1. Platform Technology: EuVCT™ eubiologics’t

+ Expect PQ in 2024
+ Completed Phase Il study in the Philippines, non- « Targeting LMICs through

inferiority demonstrated to Typbar TCV UNICEF
Typhoid conjugate vaccine « Additional Phase Il study ongoing in Africa, funded by s
(EuTYPH-C) RIGHT Foundation B BN

—

Quiadeivalent + Phase | study completed, safety and immunogenicit
Meningococcal Conjugate 16 Mervao dZmonsptrate d Y GEMCY . License out
Vaccine(ACWY)
Pentavalent + Phase | study in progress + Expect PQin 2027
Meningococcal Conjugate  + Collaboration with PATH funded by BMGF and RIGHT ~ « Targeting LMICs through
Vaccine(ACWY +X) Foundation UNICEF
Pneumococcal Conjugate o
Vaccine (15-valent) Phase | study completed License out
llI-2. Platform Technology: EulMT™ eubiologicsf

EulMT™: EuBiologics Immuno-Modulation Technology

. Monophosphoryl Lipid A produced from recombinant E.coli (EcML)

- A potent vaccine adjuvant with effectiveness comparable to other MPLAS
- Boosting immune responses by acting as a TLR4 agonist.

- Recombinant E.coli directly producing MPLA

> Simple manufacturing process, low cost and scalable ' Product | Composition I
e e i | :eet?rogelgzasusﬁglzxa acyl 20~40%,
wde & nta acyl 25~
"“ w7 S & g : e \é‘;\/ o\‘»l . !Teira acyl 15~35%, Hepta acyl ~ 0.5%
j g i RG*:E-W; o4 GLA(IDRI) | Homogeneous; Hexa acyl 100%
WEE 4 - T
(44 ¢ 4 ... | Nearly Homogeneous Hexa acyl = 90%, Penta+Tetra
s Eﬁ é { 3 ; EcML (EuBiologics) !__acyl 10-20%
RS
{

- 6 B S G Adjuvant Syitem containing EML
Natural form {LPS) Medilied farm (EcML)
v

1) Bacterium producing monophosphoryl lipid A and method of producing monaphosphory! lipid A by
using bacterium

- Patent No.: 10- I?ﬁ‘l3¢BEKR} ! USWJIJE’J#S [LIS]
2) Bacteria itutivel ¥l tipid A, and method for the production of
monaghosphory! lipid A usmg the same

- Patent No.: 10-2019321(KR) / US10557156 (US)
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I1I-2. Platform Technology: EulMT™ eubiologics’

EulMT™: EuBiologics Immuno-Modulation Technology

Potent Nanoliposome Vaccine Adjuvant: ECLS & ECLSQ _,::'“7_“*3
1. Nanoliposome based Adjuvant S :: '

- Similar to lipid & cholesterol in human body - No safety concern

S
- Liposome DDS(Drug Delivery System) is widely applied in the field of AR
vaccines and therapeutics. “oyliiee
. . . ECML/CoPoP/Qs21
2. Monophosphoryl Lipid A produced from recombinant E.coli (EcML) ot
- A potent vaccine adjuvant with effectiveness comparable to other MPLAs
> boosting immune responses by acting as a TLR4 agonist.
- Recombinant E.coli directly producing MPLA >
-> Simple manufacturing process, low cost and scalable Pt e e
.,.:; v = -“:‘;:. .;;-.""-"2':-
3. Versatile Antigen Display using CoPoP (SNAP platform) s 3 = &5
- Simple nanoparticle antigen display technology using CoPoP (similar to VLP) "-é; I Y . “-q.__tw?-%
- Diverse antigen anchored on the liposome surface e
> Enhanced uptake by antigen presenting cells Oh  Seow g | ast ! reoind
IV. Vaccine Pipeline eubiologics’
EuBiologics has a pipeline of vaccines leveraging its platform technologies, EuVCT™ and EulMT™
Euvichol 1) TCV: Typhoid Conjugate Vaccine
[Euvichol-Plus 2) PCV: Preumococcal Conjugate Vaccine
3} MCV: Multivalent Meningococcal Conjugate Vactine
EuCRM197 ™ 4)  RSV: Respiratory Syncytial Virus —
5] HZV: Herpes Zoster Virus
6) AD: Alzheimer Disease
— SDOI'ISOE‘Ed by RIGHT
TCVY Foundation Grant
EuVCT pcv? rE 4 Open collaboration
D —— el e
Mcv? Gov't BMGF/RIGHT Grant
. |
(MPL-A, Novel Adjuvant)
- - Fpoeasied by Koreen
COVID-19 F‘:t
nsored by Korean
HPV | A
Sponsored by Korean
EulMT RSV4) e Govt
nsored by Korean
HZV® - — Govt
AD) -
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V. Development of RSV vaccine: EuRSV eubiologicsh

» EURSV vaccine candidate, IND approval by MFDS(Ministry of Food and Drug Safety) on 2 January 2024
TPP(Taraet Product Profile)
' Linosome-displaved Pre-fusion F - Prefusion F protein of RSV EURSV vaccin

Pre-F Antigen Trimeric, high yield, simple production p
Pre<Fusion F Protein of RSV ocess using CHO cell & His-tag purifica liotivasnd] sloviekion . iaoiis
| ion system Strain CHO (Chinese Hamster Ovary) cell
. :' Antigen RSV Prefusion F
P, . ! ’ Name EURSV-1 EURSV-2
s W EcML
. _ < s 7~ TLR4agonist, adjuvant API RSV F (Low & High ds) RSV F (Low & High ds)
" CoPoP
L . ‘ y ¢ S’,- Antigen display on liposome surface, antigen delivery tech EchiL EcML
A2 ’ LD ology(SNAP) Excipient (adjuvant) %’:;P CoPoP
' . . (0.5mL/dose ki
& 0 ' _;--—-\0521
" . 2y Saponin _adjnv_ani,ent.rances both humoral and Dosage form Lyophilized
iR Prevention of lower respiratory tract disease (LRTD) caused by
Indication Respiratory Syncytial Virus (RSV) in elderly people over 60

years of age

Dosing schedule 0.5mL, IM, twice in 4-week interval (TBD)

Storage condition 2~8C

V. Development of RSV vaccine: strategy eubiologicsh

WSitee  MWSitelll

Basic Concept of EuRSV vaccine candidate Bsiel  MSielV

ion F trimer

Prefusion F trimer

1. RSVF-E2 Antigen: pre fusion F protein

- High yield, simple production process using CHO cell & His-tag purification system

2. ECLS(+/- Q) Adjuvant (EuIMT™: EuBiologics Immuno-Modulation Technology)
- EcML: TLR4 agonist, Adjuvant
- CoPoP: Antigen display on liposome surface

- QS-21: saponin, Adjuvant

[Location of the major antigenic sites*|
- Leveraging adjuvant ECLS(+/- Q), only a small amount of antigen required RSVF-E2 Antigen

3. Presentation & Storage - Lyophilized, 2-8°C P

ECLS Adjuvant

*Ref Respiratory syncytial virus entry and how to block it NATURE Reviews | MicRobiology, VOLUMETT, APRIL 2019 [EuRSY]
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VI. CONCLUSION eubiologicsf

» Efficacy Study
- The efficacy study of EuRSV vaccine candidate was evaluated in cotton rat, mouse animal models.
- EuRSV vaccine candidate demonstrated excellent humoral and cellular immunity.
» Toxicity Study
- There is no toxicity caused by EURSV vaccination, suggesting its safety profile.
- EURSV vaccine candidate has low risk of Vaccine-Associated Enhanced Disease(VAERD)

# In summary, the non-clinical outcomes have led to the approval of the Phase | clinical trial by MFDS.

» Future plan }
&OCDEEMS Premium vaccine development FROM ‘EUPOP Life Sciences’

Year 2024 2025 2026 2027
EuRSV

Vaccine Ph )

Development | phase 1| & i

Thank You

YUY SO X|&o= 0150 T 710
For health that lasts a lifetime!

:AEREA ZHT EHOE 207 (MAE, 4ETY 68
TEL: 02 572, 6675 FAX: 0507, 891, 2537
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Q Topic

Strategy to develop effective multivalent COVID-19 vaccines
against emerging variants based on adenovirus vector platform

Q Abstract

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) Omicron strain
has evolved into highly divergent variants. We developed chimeric adenoviral
vector (Adb5/35)-based coronavirus disease 2019 (COVID-19) vaccines, which are
replaced with a serotype 35 fiber based on the backbone of serotype 5
adenovector for better antigen delivery. Our vaccine can effectively deliver spike
genes to antigen—presenting cells through CD46 binding, which leads to effectively
stimulating CD4+ T cells, CD8+ T cells, and B cells in either direct or indirect
ways. Our AdCLD-CoV19-1 OMI vaccine, encoding the spike protein of the BA.1
variant, is currently in Phase 3 clinical trials. Additionally, we developed multivalent
Omicron variant-specific vaccines using phylogenetic trees and antigenic
cartography and demonstrated their superior ability to neutralize a wide range of
variants in mice and macaques. These data suggest that the developed multivalent
vaccines enhance immunity against circulating Omicron subvariants and effectively
elicit neutralizing antibodies across a broad spectrum of SARS-CoV-2 variants.Our
ongoing research explores combinations of next-generation multivalent vaccines to

confer broad protection against newly emerging subvariants.
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Strategy to develop effective multivalent COVID-19 vaccines
against emerging variants based on adenovirus vector platform

Chang-Yuil Kang, Ph.D.
Cellid Co., Ltd.

Prolonged COVID-19 Pandemic

* COVID-19 Wastewater Viral Level * COVID-19 new hospital admissions
- S Seoul, Korea - g United states 5
E" Source: Korea KDCA - 5 E 40 5 :f-
= 100k 28 E ®
] kI x| = 4o
= B0k gT|| S0 2
5 x:§ B 5
= £ = 3 &
T 60k 33 8 20 2
3 2k ©, = I a ®
g EHIE: 8
- a8 = o
S a0k 2 1S | | i#-
H I Illl llll I Source: U.S. CD 5
S Aug20 Oct Dec Jan,2024  Feb = Quree; Ve =
Jan, 2023 Mar MNov Jan,2024

g 12 @ Japan
2 2 sk

10 A8
_1’;_-‘ Very High E .
= =
S e (>8) 2
i £ ak
E High a
® 4 Moderate z
H (3+4.5) T
s 2 Low Zz
= Source: U.s. coc 1157 g 1

Jan,2024 Source: Japan MHL
Jan, 2023 Mar Ma J Se| Nov Jan, 2024

Jan, 2023 Mar

=
z
z
@
=]
a
Wi

=

£

-

1 257



Limitations of Current Vaccines

* Evolution of SARS-CoV-2 Variants * Immune evasion of novel COVID-19 variants
(2023-2024, United States)

XBB.1.5 MV XBB infx
LSS o padoped HEAR G808 2008

—

T3 &8 Fow B Far B0 e B 6 Fas 2ee B7e gi 203 20 4x 134x
10.8= ﬂmn—mb-m e 1 L0001

10° Fr p‘m,_mﬂ_m-_‘ ez piol, 3 S ¥ O T —
104 o }’ M’“
3
Oyp
102
10" ‘ ,& g
T
.39 \9 J’ o »
e"" @- & 4“ i*‘? & '?' & e'g & & -8‘ & o
Jan 29 May Jun Aug Oct Nov Jan 30 WT monovalent x 4 dose + BAS bivalent + WT monovalent x 4 dose + BAS bivalent +
2023 2024 XBB.1.5 monovalent mRNA vaccine XBB.1.5 infection
Source: Our World In Data Wang et al., bioRxiv, 2023

Emerging variants such as JN.1 may reduce the efficacy of current vaccines.

- New vaccine development strategy that can defend against emerging variants is essential.

CELLID’s COVID-19 vaccine platform

Adenovirus type 5/35 (Ad5/35) cellid's proprietary vector backbone

(H] knob 1
| SARS-CoV-2 Ag (Spike gene) | |
51 5‘)‘53 52 | SARS-CoV-2

e N T
il 73 @Z) »2" ﬁ }#r

| Transfer antigento > Block cellular entry

! : Neutralizing of SARS-CoV-2 by
| gﬁfﬁaﬁiﬁ;:ng H.co Ab Production neutralization
| CD46 receptor) TYE ool
ACE2
Antigen-
resenti
piesering cD4* T cell

cell

Present the S-protein
antigen to T cells and
activate them

Apoptosis of infected cells by
activated T cell responses

cD8’ Teell
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CELLID’s COVID-19 vaccine platform : Competitiveness

Long-term efficacy

+ Induction of neutralizing Ab and T cell
AdCLD-CoV19-1 immune response

AdCLD-CoV19-1 OMI

"C;ompet-i.t.iire cost
+ Available at a lower cost compared to other

vaccines such as mRNA vaccine
j + Suitable for middle to low-income countries
= Convenient storage and distribution
» Stored and distributed at 4 °C
+ Cold-chain system not required
-y SARS-CoV-2 Ag

(Spike gene)
Fast development and manufacturing process

+ Rapid response to COVID-19 variants or
emerging threats

—_—

CELLID’s COVID-19 Vaccine: Current Clinical Trials

Piveli Anti Basic preclinical Phase of Clinical trial S y
ipeline ntigen gene reclinica emarks

SARS-CoV-2
AdCLD-CoV19 S

Primary vaccine

(Discontinued due to limitations in
AdCLD-CoV19-1 SARS-CoV-2 recruiting clinical trial subjects)
(Improved vaccine Spike
for mass manufacturing)
SARS-CoV-2 Booster dose Vaccine
Ad(..‘.LD—Co\.."IQ-l D_M' B.1.1.529 (Currently in Phase 3 clinical trials
(Omicron variant Vaccine) Spike

Administration start date: Nov 2023.)

Developed AdCLD-CoV19-1 OMI, a vaccine against Omicron variant using a replication-deficient

recombinant adenovirus serotype 5/35 platform, currently in Phase 3 clinical trials and scheduled

to complete the enrollment until April 2024.
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Response to variants: Variant Vaccine Library

* Table 1. Variant-specific vaccine library * Table 2. Pseudovirus library for neutralization test

Varint  vaceine immunogenicity}l L Vaccine I"'rmogw:'tv Variants __ Pseutiovirus _ Manufacturing Evaluation
Plasmid stud Plasmid 5 Wild Completed Compieted ; Completed|

Widtype Completed Completed || XBB.1.5.1 Completed Shmdby BAATBAISIPA ) XBB Completed Completed
Beta Completed Completed || XBBA16 Completed  Standby (D BAGI72 g v XBB.A Completed Completed
Gamma Completed Completed XBB.23 Completed Completed alfly common B.1.1.7/B.1.351P1 Completed Completed XBBAS Completed Completed|
Deta  Completed Completed FD2  Completed  Standby fycommon  BA351P4  Completed Completed BA2320  Completed Completed
Lambda Completed Completed EG1  Completed  Standby Beta (partial)  B.1.351(Partial) Completed Completed CHA11  Completed Completed
Mu  Completed Completed || XBB.1.510 Completed  Standby Delta (partial) B.1.617.1 (Partial) Completed Completed XBF Completed Completed
BA1  Completed Completed || XBBA.161 Completed  Standby Deita (partial) B.1.617.2 (Partial) Completed Completed XBBA51  Completed Completed
BA2  Completed Completed EGS5 Completed  Standby Alpha BAAT Completed Completed XBBA16  Completed Completed
BA2121 Completed Completed || XBB.1.568 Completed  Standby Beta B.1.351 Completed Completed XBB.23 Completed Completed|
BA41  Completed Completed XBC  Completed  Standby Gamma P Completed Compieted FD2 Completed Completed
BA5 Completed Completed || XBC.A6 Completed  Standby Delta B16172  Completed Completed EGA Completed Completed

BA275 Completed Completed EUA1  Completed  Standby AYA XBBAS510  Completed Standby

BA46 Completed  Standby EG51 C [ e AYA XBBA.464  Completed Standby

BA2752 Completed  Standby || XBBA1.166 Completed  Standby AYA2 Completed Completed XBC Completed  Standby
BF7  Completed  Standby FL151 Compicted  Standby e A AY.A3 XBCAG  Completed Completed
BQ1  Completed  Standby BA286 Completed Completed AY.69 EG51 Completed Completed|

BQ11  Completed Completed UN1  Completed Completed Lambda car Completed Completed EUA1 Completed  Standby
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Omicron BA4S Completed  Completed HE1 Ongoing
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« Ad5/35 platform can be easily modified to respond - c e Ongoing  Ongoing
; Completed_ Compieted] Ongoing _ Ongoing |

variants by replacing antigen to that of VOCs.

* COVID-19 variant spike sequence phylogenetic tree
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Clustering based on the variant sequence and the immunogenicity of the vaccine

COVID-19 variant spike antigenic cartography map
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1 grid = two-fold serum dilution of the neutralization titer

* Through the variant sequence and antigenic cartography map-based clustering produced by cross-neutralization

activity, we selected XBB, BN.1, and BQ1.1 trivalent vaccines as the candidate for the multivalent vaccine.
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Next-generation COVID-19 vaccine development strategy: Multivalent Vaccine

* Immunogenicity of Omicron subvariant vaccines after single administration

AdCLD-CoV19-1 BN.1/BQ.1.1/XBB Trivalent AdCLD-CoV19-1 XBE Monovalent
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+ AdCLD-CoV19-1 XBB/BN.1/BQ.1.1 trivalent vaccine enhanced cross-neutralizing activities.

Chang et al., 2024, Proc Natl Acad Sci U S A. (in press)

Next-generation COVID-19 vaccine development strategy: Multivalent Vaccine

* Immunogenicity of Omicron subvariant vaccines after single administration
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+  AdCLD-CoV19-1 XBB/BN.1/BQ.1.1 trivalent vaccine enhanced cross-neutralizing activities.
Chang et al., 2024, Proc Natl Acad Sci U S A. (in press)
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» Antigenic cartography map

Trivalent XBB

* Average Antigenic distance in antigenic map

Next-generation COVID-19 vaccine development strategy: Multivalent Vaccine

Trivalent XBB BN.1 BQ.1.1
Variant-Variant 1.6 2.4 2.3 3.2
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« By XBB/BN.1/BQ1.1 trivalent vaccine, a wide
range of neutralizing antibodies was produced,
and antigenic distance was reduced.

Animal: Cynomolgus macaque
Primary Booster shot
4 I
; 12 16" 18 20 (Weeks)
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+ AdCLD-CoV19-1 Wuhan-1/BA.5 Bivalent

[Booster vaccination]

+ AdCLD-CoV19-1 XBB.1.5
+ AdCLD-CoV19-1 BQ.1.1

Pseudotyped lentivirus :

@ Wuhan-1 @ BA5S @BQ11 0 BNA
@®x8B.15 @ EG.51 @BA2.86

+ AdCLD-CoV19-1 XBB.1.5/BN.1/BQ.1.1 Trivalent

1 dose, intramuscular injection (Total 5x 10" VP/animal)

* Immunogenicity of Omicron subvariant vaccines
as a booster in Cynomolgus macaque

By XBB.1.5/BN.1/BQ1.1 trivalent vaccine as a booster,
a wide range of neutralizing antibodies was produced.

Trivalent(XBB.1.5/BN.1/BQ1.1) booster vaccine in non-human primates
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Updated Vaccine to Response Emerging Variants

Evolution of 5‘“5"2 _} + Immunogenicity of Omicron subvariant vaccines after single administration
" 20232024, US
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+ EG.5.1 and BA.2.86 vaccines exhibit reduced cross-neutralization ability against each other.

Updated Multivalent Vaccine - Bivalent(JN.1/EG.5.1) vaccine

* Immunogenicity of Omicron subvariant vaccines Vaccination [Prifiary vascintion] Animal: BALBlc
after single administration \d 4 (Weeks) . AdCLD-CoV19-1 JN.1/EG.5.1 Bivalent
+ AdCLD-CoV19-1 JN.1
+ AdCLD-CoV19-1 EG.5.1
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+ AdCLD-CoV19-1 JN.1/EG.5.1 bivalent vaccine enhanced cross-neutralizing activities.
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Summary

* The phase llI clinical study of AACLD-CoV19-1 OMI (BA.1) is currently ongoing.

» Ad5/35 platform can be easily modified to respond to variants by replacing the antigen with that of VOCs.

 We found that the trivalent vaccines could efficiently produce broadly neutralizing antibodies against most variants with a
single administration and reduced antigenic distance compared to the monovalent vaccine.

» We found that EG.5.1 and JN.1 vaccines exhibit reduced cross-neutralization ability against each other. To enhance the

cross-neutralizing activities to a wide range of variants, JN.1/EG.5.1 bivalent vaccines are needed.

» Ongoing efforts in vaccine development are crucial to address the challenges posed by currently circulating variants.
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