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What Next ?

(WHO, CEPI, NIAID Common targets)

Arenaviridae Paramyxoviridae

Coronaviridae

Bunyaviridae L SARS, MERS etc.
Picoviridae

m | wem)  ewaEy  winEm smems | 7]
e e 2
i S S = .y
ORLEHEL |z e (zreie] o et e

Filoviridae Orthomyxoviridae

Pandemic Influenza

Togaviridae
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*CAG : Countermeasures Acceleration Group  **ACTIV : Accelerating COVID-19 Therapeutic Interventions and Vaccines
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*H-CORE : Center for the HHS Coordination Operations and Response Element ~ **BARDA : Biomedical Advanced Reseal

***ASPR : Administration for Strategic Preparedness and Response
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*PHEMCE : Public Health Emergency Medical Countermeasures Enterprise
**DARPA : Defense Advanced Research Projects Agency
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*ACTIV : Accelerating COVID-19 Therapeutic Interventions and Vaccines
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=S 20501 Blo[2iA 2 HROZLE] SHYE Ml Mol

e - Ho[fAS QIO 4oRE HIEY T ZAH ofsh 3 IE 272
= S5 0[R|2| Hio[21A 20 Qo Tt offd-K|ZH MAH ZH|

A Hedol o9} 22130 E0IE Mofeid) Rt
A ol S 0| B IOlE| 42

( doprs ) o ( wmm )
o ( opmmeemr )

oA e B 24T 2} 2R014 195000 729 7|32 Z4fslof
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*JST : Japan Science and TechnologyAgency ~ **BRAIN : Bio-Oriented Technology Research Advancement Institution T2 : U L2R(2023), JST(2024) BE
***NEDO : New Energy and Industrial Technology Development Organization
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(ﬁ'—rl) NIAID, FDA (Eol) DEFS (g:rl) SCARDA*** (ﬁ:rl) it A
JIEST ~ QA /24 (%) DARPA, NIAID ==)UcFs (20§ UTOPIA 74X) i) Mio] 83101 S
[T ~ UAH/2 & (Z21A) INSERVIS (01) o1, sfsiel 5
ARPA-H (91) AMED, JST 3128 ARPA-H
AL (pull #4)) BARDA (T) ANRS | MIE AMED KHIDI, KEIT
Al
= (7H) NIAID S A
g AP T Mgl
: el (HZ) BARDA HERA (2x242) =ee
Zsel-5pt FDA EMA PMDA Ao
(B BARLTIME)
His BARDA, DSNS* HERA** SN
TIFCRIATHMIE (KAVAD)
XF: AZLHQ0[E Halst xX / K3 : ADL(2023), 2= LiZH(2023), 2K (2024) %

*DSNS : Division of Strategic National Stockpile  **HERA : Health Emergency Preparedness and Response
***SCARDA : Strategic Center of Biomedical Advanced Vaccine Research and Development for Preparedness and Response
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Disease Control and
Prevention Agency

1. Center for Vaccine 2. COVID-19 Vaccine 3. Korea's Vaccine Development
Research Development in Korea Strategy against Pandemics
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Korea Disease Control and
Prevention Agency

National Institute of Health

National Institute of Infectious Diseases
(3 centers, 12 divisions)

National Culture Collection for Pathogens Construction completedin 2021

Construction completedin 2020, (A) BL2, 3/ GCLP certficationin 2021

Center for
Emerging Virus Research

Center for
Infectious Disease Research

Division of Bacterial
Disease Research

Division of Infectious Disease
Research Planning

Division of Emerging
Virus/Vector Research

Center for Vaccine Research
(4 Divisions, 84 people)

Division of Vaccine Development
Coordination

Division of Zoonotic and

Division of Acute Viral Di
ivision of Acute Viral Diseases VectorBome Disease Research

Division of Infectious Disease
Vaccine Research

Division of Antimicrobial
Resistance Research

Division of Chronic Viral Diseases

Division of Clinical Research

Division of Pathogen Resource
Management

Division of Clinical Research
for Vaccine
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@ COVID-19 Vaccine Development i ‘against Pandemics.

1-2. What We Do

nEfi':;zlllzg:ir::g Candidate discovery stage Vaccine development stage

‘ } T?i } % Support for private sectors

National Institute of
N | ) Allergy and

Infectious Diseases|

Current progress Future plans

_ Recombinant  Cicacy evaluation g e shidy (24~)
Next-generation in a mouse model
tuberculosis

Development of Efficacy evaluation

] production process and in NHP (~'24) and
Human Inactivated conducting pre-clinical g5 tting of clinical trials Evaluation of the efficacy of
adt;g:\ggus study (toxicity and (25) tuberculosis vaccine candidates
efficacy)

Establishment of
production process and
. Attenuated  conducting pre-clinical Clinical trials (24~)
3"‘5%",?;2“ study (toxicity and
pharmacology)

Product approval ('24)

Recombinant  Clinical trial completion "
and stockpiling Anthrax vaccine

Anthrax

[Division of High-Risk Pathogens,
Division of Infectious Disease Vaccine Research]

_27_



I‘"] 1§I FID 2024
Zeimor ey 7 158, ASZO S Al 3 HT7|2 7+ HE)0t np

‘The 11 Forum for Infectious Disease Research

Q = ]

History of COVID-19 vaccine development

® Emergence of Severe Acute Respiratory Syndrome(SARS)

® Emergence of Middle East Respiratory Syndrome(MERS)
@ First human clinical trial of an mRNA vaccine against an infectious disease(Rabies)

©2020/01/11 2019-nCoV viral genomic sequence released
® March — April : First clinical trials of COVID-19 vaccines
@ July - Sep. : First phase Il clinical trials for COVID-19 vaccines

@ June : First authorization of domestic COVID-19 vaccine in Republic of Korea

o Dec. : First Emergency Use Authorization (EUA) for Pfizer/BioNTech and Moderna vaccines

02
q COVID-19 Vaccine Development n Korea

| Ittook 326 days from the viral sequence becoming available to the EUA of Pifzer-BioNTech vaccine.

[http://covid19.who.int and
presentation materials from
the Korean Vaccine Society
conference in Oct. 2022]
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Q COVID-19 Vaccine Development in Korea

I U.S. Operation Warp Speed effort vs. Typical process

0 ACTIV Vaccines Working Group

- The working group comprised of 26 members from academia, regulatory organizations, industry, and
relevant departments / bodies held a meeting on a regular basis.

[Corey et al. Curr Opinion
Immunol 2022;76:102206]

(17]
q COVID-19 Vaccine Development in Korea

development in Korea

Product approval of SKBS's vaccine and domestic vaccination (2022)
27 months from candidate (March 2020) to licensure (June 2022)

SK bioscience

Protein Obtained WHO PQ certification (2023)
Eubiologics Eubiologics’ export license (Jan 2023)
RNA EYEGENE Inc. Entered clinical trials of EyeGene Inc. and ST Pharm’s mRNA vaccines
m

ST Pharm *Supported by the Korea mRNA Vaccine Initiative
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02
q COVID-19 Viaccine Developrment in Korea

| Pan-Government Support Committee for COVID-19 Therapeutics and Vaccine Development

+ Co-chaired by the Minister of Health and Welfare and the Minister of .

Science and ICT as per a Prime Ministerial Decree in June 2020 s
- mRNA Vaccine Expert Committee in 2021
- Vaccine Expert Committee in 2020

Secure global competitiveness in preventive

measure-related products by 2022

- Vaccine and Therapeutics Clinical Trial Support TF in 2020

I Pan-government collaboration to accelerate development
Pan-government budget : KRW 263 billion (2022) / \

MOHW, MFDS, KDCA
Clinical trials KoNECT
Intemational organizations

Clinical sample analysis KDCA, IVI

Corporate Civil Complaint
Pre-clinical trials MSIT(KPEC), KDCA B Cantor B

Budget MOHW, KDCA . ) (Sep2020)

02
q COVID-19 Vaccine Development n Korea

{ A nation-wide seroprevalence study has been { A nation-wide seroprevalence study has been
conducted to estimate the risk population and conducted to estimate the risk population and trend of
trend of infections. infections.

[Department of Disease Diagnosis and analysis, KDCA]

[Division of Clinical Research for Vaccine]
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03
q Korea's Vaccine Development Strategy

against Pandemics

| National Pandemic Preparedness and Response Plan (May 2023)

Area 1 ﬂ Developing comprehensive surveillance systems for early detection of infectious disease outbreaks Y
Surveillance and

Prevention 9 Strengthening global health security through multi-level collaboration
e Implementing effective measures for a swift initial response to limit the spread and control the epidemic

Area 2 e Enhancing of healthcare systems, including ICU beds and isolation rooms

Preparedness and

Response e Reinforcing the medical and public health workforce to address large-scale, prolonged epidemics

@ Improving infection prevention and control in long-term care facilties to safeguard vulnerable populations

Area 3 e Establishing a robust govemance structure and legal framework designed to enhance intersectoral collaboration

Foundation e Creating an advanced information system and big data platform to improve decision-making process

Area 4

Recovery

e Optimizing of economic and welfare support systems to minimize damage and hasten recovery

Area 5
Research and
Development

@ Reforming the R&D support system to expedite the development of vaccines and therapeutics

_3’|_
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‘against Pandemics

(Pre-pandemic) .

i . (Pandemic)
Establishment of a pandemic Rapid development within 100/200 days
preparedness system

Pandemic Pandemic

e (Before development) (After development)

Step 1.
Preparedness

Step 2. Step 3.
Response Evaluation and complementation

1. Select priority pathogens
Strategy 2. Secure new core technology
3. Create a vaccine library

Arena Lassa, South American Hemorrhagic Fevers Lassa Lassa Lassa
Bunya Crimean-Congo, Rift Valley, SFTS, Hemorrhagic Fever (Hantaan) Cnme_zan—Congo, Rift Valley SFTS, Hemorhagic Fever
Rift Valley (Hantaan)
Corona SARS, MERS, Covid-19, Human Coronavirus SARS, MERS, Covid-19 MERS, Covid-19 Covid-19
Filo Ebola, Marburg Ebola, Marburg Marburg
Orthomyxo | Influenza, HIN1, H5Nx Influenza ) . Inﬂgenza
(including Avian Influenza)
. Hepatitis C Virus (HCV), Dengue, Zika, West Nile, Tick-borne .
Flavi Encephalitis, Yellow Fever, Japanese Encephalitis Zika Dengue
Nipah/Henipa, Measles, Mumps (MuV), Parainfluenza, ) s .
Paramyxo Respiratory Syncytial Virus (RSV) Nipah Paramyxoviridae Nipah, RSV
Toga Chikungunya Chikungunya Chikungunya

_32_



| Two-track development strategy

[ (9 priority pathogens-focused vaccine development )

- Public-private partnership and global cooperation

Pandemic Influenza mRNA, inactivated Pre-clinical Product approval
. . Covid-19 mRNA Phase 1 clinical Product approval
1) Domestic vaccine
development RSV Subunit Pre-clinical Product approval
SFTS mRNA Pre-clinical Product approval
Hemorrhagic Fever (Hantaan) mRNA Candidate Product approval
Lassa mRNA Pre-clinical Phase 1
2) Global coordination Nipah mRNA, subunit Candidate Phase 1
Dengue mRNA, subunit Candidate -
Chikungunya mRNA, subunit Candidate -

01
Center for Vaccine Research

02

COVID9 Vaccie Development n Korea

3-2-3. Secure mRNA Technology (mRNA vaccines)

Project vision

“Pandemic preparedness with a domestic mRNA vaccine”

Secure.a.CoOVID-19. mRNA vaccine.byv.2028

“No domestic COVID-19 mRNA

vaccine available”

Objectives

. Verification of domestic mRNA technology and capacity building for clinical trials
. Stronger domestic supply of mRNA vaccines

COVID-19 vaccine purchase expenses occurring

con?

a0

Multifaceted cooperation
enhancing excellence

(Vaccines protecting high-risk groups )

\ Project overview and strategy

iy budge‘ y

Wellthought-out|

Higher possibilities for
companies to succeed

4 Securing capabilities to develop vaccines at speed

0!

Technology suppol
institutional amendment,
and relieved regulations

od
0o as \
g g“\avi\O“
\ ‘e

|

f

Directing and supporting

full

-cycle strategy
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mRNA

mRNA for a rapid vaccine development system
Combination of domestic and foreign technology leading to feasibility

Lineages recommend by WHO in 2024 and 2025

Supply of domestic COVID-19 vaccines (import substitution)
Forecast: following the WHO’s recommendation

Completion of a phase 3 clinical trial and
product approval by 2028

Final goal and

scope I

% Domestic manufacturing and clinical trial experiences are of paramount importance.

No domestic mMRNA
vaccine secured

Global trend: combination
vaccine development

saAoalqo

Equal or better performance compared to global competitors

Performance (Proving non-inferiority and pros)

3-2-3. Secure mRNA Technology (mRNA vaccines)

Limits and problems

Foreign vaccine manufacturers’
technological limits need to be overcome.

Large-scale investment may encompass
a higher possibility of failure.

A complex decision-making process,
system, and infrastructure may decelerat
development.

Ministerial silos, information-sharing and »
lack of cooperation need to be overcome.

4 strategies

Targeting an outstanding
vaccine considering the
public’s sensitivity and
acceptance

Bold budget funding for
R&D

The govemment’s
intensive technological
and institutional support

Establishment of a pan-
governmental integrated
support system

_34_

Implementation methods

- Project participation through strategic

cooperation between conglomerates and SMEs

» Control group-included clinical trials proving non-
inferiority and outperformance

- The govemment-inked purchase and procurement

- Large-scale investment in promising corporations
 Step-by-step assessment and risk management
(benchmarking needed)

- Support for laws, institutions, technology, and
infrastructure

- KDCA-ed centralized development




Korea's Vaccie Developrment Stategy
against Pandemics

| Project overview on the Korea Advanced Center for Vaccine Development (KAVAD)

Location &
Project period

Advanced Center
for Vaccine
Development

Total project

3 cost & method

4 Vaccine library

+ Location: Gyeongbuk Bio Industrial Complex,
Andong-si, Gyeongsangbuk-do
* Project period: 2023 ~ 2027 (5 years)

+ Site: about 10,000m? Building: 5,000m?
(research facility, 1 building)

+ Total project cost: KRW 15 bilion (Gyeongsangbuk-do,
Andong-si) + KRW 29 billion (KDCA)

+ Method: Project management through an incorporated
foundation

+Antigen designing combined with Al
+ Generating and reserving prototype vaccines for
prioriized pathogens

+ KDCA -« Gyeongsangbuk-do ¢ Andong-si

* Incorporated foundation under KDCA

[Korea Advanced center for VAccine Development, KAVAD]

| Key functions
Step 1.

Al-based antigen design
4

Al technology-based

candidate discovery

{ Roles

Discover vaccine
candidate using
Al technology

Support for small scale non-
clinical specimen production

and analysis

Step2. Step 3.
VARSI i SGCU”T‘ 9 Rapid vaccine system building
and small scale production
$ L 4
Pre-clinical trial
data analysis

Small scale production for Verification through
vaccine candidate biosafety research
selection and verification facilities, etc.

Step 4.
Antigen library building
and operation
¥

Antigen library production

and stockpiling

Stockpiling antigens
verified and ready for
rapid vaccine development

Swiftly test and stockpile vaccine prototypes discovered and designed based on Al technology

{ Vaccine library

Conduct pre-clinical and phase 1-2 clinical trials on priority pathogens to build a vaccine (prototype) library
— In crisis, the library will provide data necessary for vaccine prototypes and manufacturing

to enable rapid vaccine development within100/200 days.
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| Overview

+  Content: NIID-centered cooperation with MSIT-funded research institutes

*  Projectperiod: 2026-2023 (5 years)
+  Expected outcomes: Facilitating vaccine research and development; securing source and core technology

| Key points

@ Secure vaccine candidates for
@ Establish a national vaccine library

rapid vaccine development

For respiratory infectious
diseases, viral hemorrhagic
fevers, etc.
(standardization of pre-clinical assays,
animal-model development, infection

Against 9 priority pathogens
(vaccine candidate discovery, Al-based
antigen optimization, reserving, database,

mRNA
(mRNA vaccine antigen design
using cryo-EM)

etc.) ’
model evaluation, safety assessment,
etc.)
KRIBB, NPRC, KIT
VRC and KAVAD IPK

and KRICT respectively

© Novel vaccine platform development

Establishment of a national vaccine library allowing for pandemic preparedness and rapid vaccine development

for rapid domestic vaccine development; and materialization of rapid pandemic responses with reserved antigens

[Ministry of Science and ICT]

Priority pathogens-focused pandemic preparedness

Establishment of the national vaccine library

@ Registration of vaccine candidate information,
efficacy, safety assessment results, etc.

@ Al-based candidate optimization

© Vaccine library as a reserve

Establishment of a national
vaccine library

Vaccine candidate discovery

@ Data-based management (server creation)

Cooperation needed

@ Pre-clinical assay

Accumulation of information

Establishment of the national vaccine library

Comprehensive | Pre-clinical trials leading to candidate devel ' XExisting
national discovery and rapid vaccine development ) Ale_ve OPTaigne projects to be
vaccine library | @ Pre—clinicgl assays to be gstabli;hed by eachl optmiz linked with
research institute (evaluation of immunogenicity, © Vaccine design usin
animal and infection models) N E?El\jl esign using
@ Pre-clinical and safety assessment data to be 2
secured
Novel vaccine platform development
© mRNA
Open database Utilization and dissemination
Final beneficiaries :
Participating insti private sector ({ efc.)
Linkage research
Vaccine di At risk
Vaccine discovery Clinical rials
against the next pandemic
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(Pre-pandemic)

Establishment of a pandemic (Pandemc)
P ) Rapid development within 100/200 days
preparedness system

P
Before Pandemic
Step 1. Step 2.
Preparedness Response

I
|
|
|
|
1
1
1
1
1
1
1
1
1
:
1. Establish multi-institutional
i cooperation
1. Select priority pathogens {
1
1
1
1
1
1
1
1
1
1
1
1
1
1
\

____________________________ N

Pandemic
(Before development)

. Strengthen clinical networks

. Develop an emergency response
manual

. Establish an infectious disease
clinical research center

. Prepare a rapid vaccine adoption
system

_____________________________

2. Secure new core technology
3. Create a vaccine library

L~ —

\

Pandemic
(After development)
Step 3.
Evaluation and complementation

Early clinical Phase 3 Clinical completion
- Pre-clinical trial ( Clinical phase 112 Phase 3 Lo Suitable
Track J§=Phase1;2 - Phase 3 - Mass pro- schedule latform
manufacturing manufacturing f duction P
) MFDS
When securing .
30 days prototypes 70 days Review 100 days mRNA
40 days 60 days 100 days 200 days mRNA

[Phase 1/2] Skipped when a target pathogen prototype vaccine is available

When a prototype vaccine with high similarity to the target pathogen is available from the phase
1/2 clinical trials (e.g., SARS-CoV-3)

200 Days
(Track 2)

1

2

100 Days
(Track 1)

Aregulatory review is not included in the above time period and subject recruitments, etc. may be subject to change.
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[Division of Infectious Disease Research Planning,
Division of Clinical Research for Vaccine]

(Pre-pandemic) (Pandemic)

i f a pandemic ; ithi
Establishment of a p Rapid development within 100/200 days
preparedness system

Pandemic
(After development)
Step 3.
Evaluation and complementation

1. Evaluate vaccine efficacy
2. Support private sectors by
providing facilities and resources

. : Pandemic
Before Pandemic (Before development)
Step 1. Step 2.
Preparedness Response

. Establish multi-institutional
cooperatlon
1. Select priority pathogens . Strengthen clinical networks
Strategy 2. Secure new core technology . Develop an emergency response
3. Create a vaccine library manual

l
1
1
1
1
1

. Establish an infectious disease
clinical research center

. Prepare a rapid vaccine adoption
system

o e e e
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BLTMTZ, 3.4 1acllities

| KDCA's (A)BL2/3/4 labs for private sectors

| Training programs

- BL3 hands-on training center opened in February 2024
- BL3 training programs for users and managers
- BL4 training program for users

[Division of Biosafety Evaluation and Control]

Koreais Vacaine Development Stategy
against Pandemics

{ Vision
NCCP contributes to the development of healthcare
industry by promoting collection, management, and
utilization of pathogen resources.

| Registered pathogens

7,944 pathogen resources
- 6,395 bacteria, 716 fungi, 519 viruses, and 314 derivatives

[Division of Pathogen Resource Management]

03
Korea's Vaccine Development Strategy
against Pandermics

I Implement the “National Pandemic Preparedness and Response Plan”

I Accelerate 1) core mRNA vaccine technology

2) national COVID-19 mRNA vaccine project

3) vaccine library

KAVAD

0 Start (pre)clinical trial sample analysis support on a legal basis

I Internal / external cooperation and support

1) Domestic partners
- MOHW, MFDS, MSIT, MOEF, and MOTIE
- Korea Vaccine Center for Assisting Safety
Technology (K-VCAST)
- Korea Preclinical Evaluation Center (KPEC)
2) International partners
- U.S. NIAID, UKHSA, CEPI, IVI, and Moderna

R&D

Industries Institutes

- ~
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Disease Control and
Prevention Agency

O National KRit Yaree R bt o

Institute of Health

O Ministry of Science and ICT

KAVAD

NH)

National Institute of
Allergy and
Infectious Diseases

Q % ]
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Global map of emerging infections (2003-2022)
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Semi-digital vaccine

Incorporating vaccine design and expression vector information into a standardized global
process for developing a semi-digital vaccine with analog vaccine benefits
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trimeric RSV F protein (PDB 4MMV and 5C6B)
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Current Status of Vaccine Development

Using Novel mRNA Modality

2024.11.15.
Viral Immunology Lab

Evi Ho Kim, PhD

Contents

1. Immunological Characterization of MRNA Vaccine
Compared to Other Vaccine Platforms

2. IPK's Novel mRNA Vaccine Technology
Using Uncapped & Unmodified Nucleosides
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Vaccine; the most successful health intervention

Vaccines work by mimicking disease agents &
stimulating the immune system fo build up defenses
(immunological memory) against them.

Polio cases Measles cases

Distinct features of various vaccine platforms

Live-attenuated Inactivated/Protein Viral Vector RNA/DNA
Strong immunogenicity Good immunogenicity Good immunogenicity
Balanced (Ab/T) & Safe & Stable Balanced (Ab/T) Balanced (Ab/1)

long-lasting responses Rapid Rapid

Weak immunogenicity

Less safe (reversion) Vector-targeting Less stable (MRNA)
Less stable immunity Less effective (DNA)
Slow Skewed [Ab/7) response Safety issues Safety issues

Slow
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Immunological Characterization of MRNA vaccine
Compared to Other Vaccine Platforms

Ongoing studies on
protein, viral vector & mRNA vaccines

Junghwa Lee, PhD

Sujeong Lee, MS r

¢ [

. R . RBD-specific IgG
Previous reports on different vaccine platforms

Spike-specific CD4 T cells

Spike-specific CD8 T cells

Zang Z & Crotty S et al. 2022. Cell
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Previous reports on different vaccine platforms

Homologous vs heterologous immunization of COVID-19 vaccines

Kim D & Kim EH et al. 2022 Vaccines

Questions on key vaccine platforms

> of the key vaccine platforms may be
needed to ensure preparedness for future pandemics.
> may help improve current vaccine technologies.
Human Longitudinal analysis of adaptive immunity

Innate immunity

4 4 4

Vaccination Longitudinal analysis of adapfive immunity

Mouse
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Model vaccines for mouse studies

Ova protein Ova + Fluv Ova + Emulsion Ova mRNA-LNP Ad5-Ova
Vaccine platform Human vaccine Mouse Vaccine
Protein Ag Ova
Protein Ag + Inactivated Vaxigrip Ova + Flu vaccine
Protein Ag + Adjuvant Fluad (MF59) Ova + SE (Addavax)
mRNA-LNP BNT162b2 Ova mRNA-LNP
Viral vector ChAdOx1 Ad5-Ova

Mouse: Common & distinct pathways in dLN

Draining LNs (B &T cell-depleted) .
Pathway analysis

PCA
DEG ‘:"
c
3
o
Unpublished Data - Please Do Not Share e
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What about adaptive immune responses

after the immunization of different vaccines?

Prime only

Prime-boost

Kinetics of antibody responses by different vaccines

Ova + Emulsion Ova mRNA-LNP Ad5-Ova
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Summary: Different vaccine platforms

%* In both humans and mice, two-shots of mRNA vaccines trigger strong humoral &
cellular (Th1 & CD8 T cells) immunity that wane relatively quickly.
- Current mRNA vaccine may be more suitable for prime-boost vaccination

** Viral vector vaccine elicits potent primary 1gG & T cell (Tfh & CD8 T cells) responses
that persist longer than others.

- Viral vector vaccine may be more appropriate for single-shot vaccination than other platforms

%* Understanding the mechanisms of vaccine platforms may help predict the efficacy
of vaccines and improve current vaccine technologies.

2 IPK's Novel mRNA Vaccine Technology
using Uncapped & Unmodified Nucleosides

n Sunmin Lee, PhD
db
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Current mRNA modality for vaccines

* Current version: Capped mRNA with N1-methylpseudouridine modification
- Stabilizing mRNA, minimizing IFN response, and maximizing antigen translation
- The Nobel Prize in Physiology or Medicine 2023: Katalin Karik6 & Drew Weissman

AN

Potential
downsides

High cost of using 5’ cap & N1-methylpseudouridine

Kim SC et al. 2021. Mol Cell Toxicol.

Cap-independent tranlation: IRES (internal ribosome entry site)

‘Non-stress’ condition ‘Stress’ condition

* Alternative version: Uncapped mRNA with natural nucleosides
- Stabilizing mRNA, maximizing antigen translation regardless of
stress/IFN response
- Safer & cheaper mRNA structures.

What about in vivo effect of the vaccine?

Confidential - Please Do Not Share
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Mouse experiments for vaccine efficacy

IPK mRNA vaccine

Type

Capped & modified mRNA vaccine

Structure

Delivery (LNP)

Moderna’s lipid nanoparticle (LNP)

Control vaccines Serum, Spleen

mMRNA-LNP (i.m.) harvest
u u l _* Binding & neutralizing antibodies in serum
Week: 0 3 4~5 + B &T cell responses in LN & spleen

Mouse

Confidential - Please Do Not Share

Anti-spike binding antibody

Experiment 1

Experiment 2

a-Spike 1gG a-Spike 1gG1 a-Spike 1gG2a

D21: a-Spike IgG BD7: o-Spike I9gG
*

104 108
~ 108 = 10 -%
E E 100
3 102 % 5 0 .
£ £ 102 2
= -
3 10 2 101
10%9 00 1004 00
10 10
Lo RN
& & &y &
N N

Pseudovirus
neutralization

PRNTG, (-log)
o = N ow & @

% GC B (LN)
0.03

0.02

- IRES mRNA results in stronger primary & secondary IgG responses.

Confidential - Please Do Not Share
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Vaccine-induced T cell responses

Experiment 1 Experiment 2

Cytokines in CD4 T cell Cytokines in CD8 T cell % TFH (LN) % Tet* CDB T (SP)
% Te
0.0801

5
3 4
X2 2’ OLaL
2
1
0

o0
0
IR IR
‘\o\%'&& & & K3 &
o

- CD4 and CD8 T cell responses are comparable in IRES mRNA vaccinated mice.

Protective efficacy upon SARS-CoV-2 challenge in mice

By Korea Preclinical Evaluation Center (KPEC)

~ IRES mRNA vaccine offers superior protection, with minimal weight loss & a 100% survival rate
until day 7 post-infection.

Confidential - Please Do Not Share
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Summary: Novel mRNA vaccine modality

Type Cap & modified mRNA vaccine IPK mRNA vaccine

Structure

Delivery (LNP)

Moderna'’s lipid nanoparticle (LNP)

Antigen expression +++ +++
Antibody response ++ +++
T cell response +++ ++4+
Protective efficacy ++ +++
Safety ++ +++
Production cost +++ +

Confidential - Please Do Not Share

Thank you for your attention!

Dr. Sung Key Jang (CEO)

Viral Immunology Lab

Junghwa Lee, PhD
Sunmin Lee, PhD
Bonah Kim, PhD
Dongin Kim, M$S
Sujeong Lee, MS

Woochan Lee, BS

Prof. Sung Key Jang
Prof. Jie Oh Lee
Prof. Seung Woo Lee

Prof. Hyukjin Lee

Prof. Dongho Kim
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B 1. AI7|gHegAl & 271 chu AR EIE]
= SAfOIE
- =2 = I Ol (=13 = =23 =
COVID-19 [HE mRNA Al S ok 2 BHAI JHEIN| JIZEC| HIOIEE &&6104
S 22X FyXe (5] k=1 =
ol =H SAES "WIISIRCH, Al J[EH BRIE AIZ6104,
SHE [=E = P (=] =
ZIHO| tHAl SHE AlEEI MY HE S0 SHEAEE HE
COVID-19 ChESS Lot WAl JHro| SAl - Al 7|8 FHZ
SATAR| Al7|H AU o1y
ey | GeneratieDeepleaming | g ARIRICIE HIEE
SARS-CoV23CRARE TR AS BHOZ k=
Tangetal. (2020) ADQN-FBDD A7EO|rsRI=
Goetal o) | A7HICTEREIMNK 155 g
Hoﬁ'rgoémf(\)e)retal Deepneuralnemoltkpvmoool; SARS-COV-2Z Hbke T4 MEHE
Zhangetal. (2020) DFCNN AB7tsttefetaR = SIHE|C ofg 2= HE
B ChstotE Bk el
Becketal. (2020) MT-DTI ShHiopIAK| =S et
Geetal. (2020) HESZ 7RIl 2T2E | PARP1 2HHIS| SARS-CoV-28Hio A st els
Huetal.(2020)  ARSOISREEICIERGASDH | k|2 EMO| AQEI= AR EIHHIS HZE
opEUMIENRSRE |
Zhouetal (2020) | oy (%m.'ﬂrmaﬁ%) B EECE ]
‘_x'_.%g F_I‘ﬂ" Al % g-.go 2 | Zengetal (2020) HES-DLYHE SR ABAN= 4170 B HESRES HR
=t Z=stn ehgE ol Opietal(00) | s e SBEE RS
MRNA A M| Wangetal (2020) OSPF THe| TOMOli= =2 OFH BAP (SPH0.850HD) 52
Abdel-Basset etal. SARS-CoV-22| 0 |teA b0 hStotSo| Kiste T4
= al DeepH-DTA ) | Of0 e Ak M0 CHSt ObZO| KISl
Nik Spencer/ Nature: Adapted from U. Sahin et a/. Nature Rev. Drug Discov. 59-780 (2014) and - - . — =
X. Hou et al. Nature Rev. Mater. https://doi-org-ssl.access hanyang.ac 5 (2021) Demicietal. (2020) | T2{el7 IMRNAGIS 24 | SARS-CoV-2 il it
THE TANGLED HISTORY OF MRNAVACCINES  Nik Spencer/Nature; Adapted from M. D. Buschmann et al. Vaccines9, 65
(2021)
1 7

I 1. Al7Is s st Cixfolnt gioteiy o &

L B/T MIZ2| Epitop2} - orfolE

Development and use of machine learning algorithms in vaccine
target selection

npj Vaccines volume 9, Article number: 15 (2024)

1. 4441 o] HEE 0 W
- Bl2[ A1 Aol sty 9

2. il gd(ML)2l Hg
- BT AIZ o= AHofjA{of e Al e X/
- B35 el Mg R

3. ML 22| 0flA]
- A8Eli= HloE /Y
- o= Zat

4,341 kS8 MLl BT
- Bl A1 i

-4 9 Bl wigol SR B Y

5. ¢tAAlet = 2w

- HlojEf 7kg-go| BtA|

- Yool = |

- ML OjZ0| hetat Al 74| Mg 7to] 2kt a4 Ly

Schematic of the rational vaccine design process (a) and machine learning applications to key tasks in vaccine target selection: B and
T cell epitope discovery and immunogen design (b, d): characterization of correlates of protection through quantitative modeling of
epitope-paratope interactions (c, e). Structures' images obtained with Mol

<
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Compare B cell epitope prediction on the test set
Test set was removed with redundancy 70% sequence identity
2t ool skA ) =
° = = EJ'I- e EI|0|E1 l o|-7;|| AI‘ Pearson Spearman R2 score # of PDB
test
2 2t OEISo| ol AT =3I %= olj=
o EAMHZ 2t DESO| 0| ZZ 2 SEHA 215 ollS Bepipred-3 0.338 (1.195€-25) 0.438 (5.43e-44)  0.096
o AREX}RISFHOI YA THE DiscoTope-3  0.405 (5.28¢-37)  0.446 (1.79e-45)  0.017
Ours -r2score  0.455 (1.83e-47)  0.473 (8.01e-52)  0.18 6124
Ensemble prediction
SEPPA3 0.087 (2.326-05)  -0.015 (0.471) -0.096
Web Server Ours-r2score  0.428 (6.11e-104) 0.401 (1.546-90)  0.156 16/24
ElliPro 0.078 (2.556-07) ~ 0.057 (0.000185)  -5.16
 — Ours -r2score  0.404 (1.29¢-169) 0.392 (8.49e-159)  0.136 24/24
D CBTope 0.064 (0.0002) 0.005 (0.77) 241.32
Ours -r2score  0.37 (8.18e-111) 0.335 (1.76e-89) 0.125 20/24
Our model outperforms epitope prediction models
1 9

&7 27PCHE A

(= ey o
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THIE SAZFHI| (IS J&E DE
. THIE SRIZET| DU QAL ol A THL
. s

o ZOIZZHS2 LIKHEQI okAZE EXlstH, 27| CHE HIEXIE X
* Negative H0|E{E F2|sh= WAlo| RO CHE

oSt
==

. 3= o
ST H|O|E{7H LR Q1 BHA| 5L 2} | BHAIE O[5l

\ &
+  DEOIEZENE M 2461H QFEH0| R Feot g2 0E It

Users can sort based on different models, or peptides.
Users can also download in excel file.
Users are redirected to predict page, once they leave

or refresh their results page.
0 *ConvNeXt-MHC %EL rank is converted back to binding probability
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1. THIZ HESO| X7 | H7 L il SEHEZOIT M U R O 20|, MY HA HISO| ZE=t S0l F
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‘| [F2=8] coviD-19

Number of COVID-19 cases reported to WHO

World 776,386,491 +85,007 increase on previous 7 days
Reported COVID-19 cases World, 7 days to 2024.09.22

WHO COVID-19 dashboard 4
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Preemptive

Pandemic
Preparedness (PPP)

@ © Preclinical Evaluation, plus
(%) + Alternatives to Animal Testing
@ Drug Repositioning (DR)
Pandemic Emergency Bank (PEB)
" © DATA
'\ Digital Data Value Chain + DPP

Korea Research Institute of Bioscience and Biotechnolbdy
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[PPP] Alternatives to Animal Testing

Alnew path to new drugs:

ajgernatives to animal testing
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B HEH vs /4% Moy Zo|Zafol

A Axial

23

[PPP] CIXIE! 3i4 S (DPP) o

B 27|48 Mof7HE (Model-Informed Drug Development, MIDD)

Drug Regulatory approval &
discovery Clinical trials Post-marketing research

Basic Phase
research |
New drug
development
process c I
1
approved
drug
MIDD Al/ML, QSAR, Al/ML, PopPK, PBP(T)K, QSP, RWD/RWE,
concepts IVIVC, IVIVE Clinical Trial Simulation

Al/ML, Artificial Intelligence/Machine Learning; QSAR, Quantitative Structure-Activity Relationship; IVIVC, /n vitro-In vivo Correlation; IVIVE, /n vitro-In vivo
Extrapolation; PopPK, Population pharmacokinetics; PBP(T)K, Physiologically Based Pharmacokinetics (Toxicokinetics); QSP, Quantitative Systems Pharmacology;

RWD/RWE, Real World Data/Real World Evidence 2
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(AEHA) H2(e £ T2tule *Model-Informed Drug Development

* Digitalized Biotechnology Simulation based Translational Research & Risk Management
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Obrezanova, Front. Pharmacol. Application of Computational

Tools to Health and Environmental Sciences, 2022 27
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Drug Repositioning
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[PPP] Drug Repositioning (DR)

W HhY3=2¥ (Pandemic Emergency Bank, PEB)
gt

[BAl] KPEC HYUENE) FHEE, QFHE HX%= S UISAMESHEUL) HIF
(M) ZSAESEEUL » YUK B U WE HA SA US S

* EUL (Emergency Use Listing of preclinical evaluation for pandemic)
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Digital Preclinical Platform
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Open Innovation in BioResearch & Al-integrated Drug Development
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SEEH 7|2%E (unknown)

HeH| DATA
A&z DATA

— A% DATA (Raw data)
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* [KPC-1D] KPEC Preclinical Compound ID
* [MEIDATA] text, excel, image 5 A0 A YME[= 2E DATA
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(%) K-MELLODDY, Therapeutics
@ @ Cooperation
High-quality DATA, Drug Dvelopment
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[KPEC] K-MELLODDY

B [K-MELLODDY] 13Fsts 7|5k MOpjet 7j43} m2 M =(24~28)

A7 |2-SX[F]
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-1 Hl0[E] 28 Mojet HzikA| 75 HYA
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digital PK .
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“Designing protein with desired functionality to solve complex biological challenges”

Virtual Screening VS

J\Z A3 1E B B2 WY

D

Moving from “search-and-discover” to “ ” protein structure with desired function
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KDCA Library E IVIVE, In vitro-in vivo Extrapolation

V * PBPK, Physiologically based Pharmacokinetic Modeling
B PP PN * PK-PD, PK-Tox, etc
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What to Consider

Virus Evolution (2016) 2:vev025

RSC Medicinal Chemistry (2024) 15:70

o
2 hoae
N \
Nty N N OH
e

Materials

e T (Chemicals,
Dk e Antibodies,
g Agn /OWg{%OV Bioreagents)

Lanimarivi Acta Pharmaceutica Sinica B (2021) 11:1607

© 2024 Korea Research Institute of Chemical Technology
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Antiviral Researchers in KRICT

5 1976 established (48 years history)

& Located in Daejeon (140 km south from Seoul)
mﬁ‘ 2000 People: 620 (permanent) + 136 (contracted) + 1100 (students)

$ 173 million usd / year

"
til 4 Research Divisions in Daejeon
+ Chemical Process Research
+Advanced Materials
« Chemical Platform Technology
. Therapeutics & Biotechnology (2| 2HI0| 2 H 2 5)
> Infectious Diseases Therapeutic Research Center
(ZEEX 27[2HTHE)

© 2024 Korea Research Institute of Chemical Technology

Research Facilities in KRICT

© 2024 Korea Research Institute of Chemical Technology

- 164 -



3. &t SR SARS-CoV-2 A 7| M2t HESELL0M &
) \. N
Tech-Transfers
2014 Rhino Novartis/Gilead Discovery
2016 HIV ST pharm Phase |
2019 Influenza ST pharm Pre-Clinical
2019 HBV AM science am IND approved
2020 Rhino Arum Therapeutics Discovery
2020 SARS-CoV-2 NiBEC Discovery
2021 HIV Kainos Medicine Approved
2021  Vaccine Adjuvant ChoongAng Vac. Discovery

© 2024 Korea Research Institute of Chemical Technology

Molnupiravir, an Oral Anti-SARS-CoV-2 Drug

+ Developed by Emory University and Merck (MK-4482, EIDD-2801, EIDD-1931-isopropyl ester)

« Originally developed for treatment of influenza virus infection, nonhuman primates study (Sci Transl Med,

2019, 11:eaax5866)

+ EIDD-1931, broad spectrum antiviral agent but with poor bioavailability

H
Os NN

Y oH
o. N~
oY

o O

EIDD-1931

H
O NN

o Y oH
el

HO  OH

Molnupiravir

(Nature Reviews Drug Discovery, 2022, 22:449)

© 2024 Korea Research Institute of Chemical Technology
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Pro-drug Approaches in Nuc Analog Development C

. - | | Est
« Improving Cell Permeability Sopropy ==t

H
O N /N\OH
+ Enhancing Bioavailability 0 TJ
(metabolism or hydrolysis in the o

liver or gastrointestinal tract) "o
_ e Molnupiravir
+ Targeted Activation to Specific

Tissues: Acyclovir (by HSV TK),
Sofosbuvir (by liver-specific
enzymes, carboxylesterases or
kinases)

Phosphoramidate

¢ Optimizing Pharmacokinetics:
sustained release and
prolonged half-life

+ Minimizing Toxicity

Acta Pharmaceutica Sinica B (2021) 11:1607
Remdesivir

© 2024 Korea Research Institute of Chemical Technology

0’ 00
Discovery of LJ-5144 and LJ-5258 C 1

+ Through a screening of a nucleos(t)ide-focused library (provided by Prof. L. S. Jeong, SNU), LJ-
5144 emerged as a potent compound against SARS-CoV-2.

+ LJ-5144 exhibited an ECy, value of 0.84 uM against SARS-CoV-2 and a CCs; exceeding 100 uM in
Vero cells, showing greater potency than remdesivir.

* Inan RdRp assay targeting nsp12-nsp7-nsp8, complex, the triphosphate metabolite of LJ-5144,
designated LJ-5258, efficiently inhibited RNA synthesis.

+ LJ-5258 functioned by misincorporating into newly synthesized RNA in place of UTP, resulting in
abortive transcripts.

* Moreover, LJ-5258 suppressed the NiRAN domain of nsp12, effectively inhibiting both RNAylation
and NMPylation of nsp9.

+ Pharmacokinetic studies in mice achieved excellent oral bioavailability.
+ Oral administration of LJ-5144 conferred protection against lethal SARS-CoV-2 infection in mice.

+ LJ-5144 is a promising antiviral agent with broad-spectrum activity against other RNA viruses,
intended for preclinical studies as a part of pandemic preparedness efforts.

© 2024 Korea Research Institute of Chemical Technology
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Symptor_ns and/or biological

Treatments

oY 22Lh9 327 Sz ¥ 24

Supporting evidence

xls} g2 Mu0| °r5|nu1 I X&7IZH0] F2LHQ FIEt
1257t NUME ASEL= 2 (toraastsl, 227)

Postexertional malaise

Pacing
Pharmacological: B-blockers,

pyridostigmine, fludrocortisone,

midodrine

Non-pharmacological: increase
salt and fluid intake,

intravenously administered salt,

compression stockings

| MA22717(WHO) 2 2 2718 B
= POTS

© (MAZA7|FES FRU9 SHYS 012 3742 ojuj &
Aslo], 24 2708 S XI&e=, 2 iR THOZ HEE
4 9l ZAS ZAE FH|E ZC|M(Post-COVID [
Condmons)gi gg‘ Cognitive dysfunction

- (03 BUEHULHE)22U10 28 4% S0 340/ X Gt i
A5/ FQ TAE TH|E 70 (Post-COVID Conditions) Fatigue
I= gJ:l_|:||':(L(_mg COVID)Z Ho| Pain, fatigue, neurological

symptoms

© (33 ILAANARI2LNY SHO| 4-12F K4Sl i

4% 34 X% 221 19(0ngoing symptomatic COVID- Autoimmunity

1g)§ 0| O}m A2LH9 ZIEH12F 0|30 = x%l0| X&E Abnormal clotting
1 OE FHOR JYLX| o 3R HAE TH|E 357

v

(Post-COVID syndrome)2 2 K9

Abnormal clotting

Viral persistence and antivirals
(CovID-19)

Viral persistence and antivirals
(reactivations such as of EBV,
HCMV and VZV)

Endothelial dysfunction
Gastrointestinal symptoms
Dysautonomia

Endothelial function,
microcirculation, inflammatory
markers and oxidative stress

MCAS
Autonomic dysfunction

https://doi.org/10.1038/s41598-021-95565-8

https://doi.org/10.1038/

Cognitive pacing
Postconcussion syndrome
protocols

Coenzyme Q1o, D-ribose

Low-dose naltrexone

Low-dose aripiprazole

BC007
Anticoagulants

Apheresis

Paxlovid

Valaciclovir, famciclovir,
valganciclovir and other
antivirals

Sulodexide

Probiotics

Stellate ganglion block

Pycnogenol

Hyand H; antihistamines,
particularly famotidine
Transcutaneous vagal

stimulation

'541579-022-00846-2

ME/CFS literature

POTS and ME/CFS literature

POTS and ME/CFS literature

ME/CFS literature

ME/CFS literature

ME/CFS and postconcussion
syndrome literature:

ME/CFS literature

ME/CFS and other literature

ME/CFS literature

Long COVID case report
Long COVID pilot study
ME/CFS literature, long
COVID pilot study

Long COVID case reports
ME/CFS literature

Long COVID pilot study
Long COVID pilot study
Long COVID case report
COVID-19 pilot study

Long COVID case reports,
MCAS literature

Long COVID pilot study
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Severe Acute Respiratory Syndrome Severe Fever with Thrombocytopenia Syndrome
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Ebola Viral Disease and Nipah and
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MERS and SARS Zika Disease
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Arenaviridae L] L]
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Flaviviridae °
@l @7h 2
FI2EU) @b
Orthomyxoviridae (E%;WH
Paramyxoviridae °
(/LT Rsv) (HEEUTHRSY) & (Him
Togaviridae °
(KiZTLIoh xi27Lioh
Hantaviridae

|| o | awo | s | ss | s |
L]

.|
THoj ol - 2% 1044 L 3 2LM9 = |H|9 7Es4E
Ztoi M (2EHIEOIOMTEIL, 123 42)
o Ok HHY S 2= ZRISRAUX; AXUAS
E2E Ho|2EH, 21.118)
- &% 251 O|Lf ARLM9RCH I 2 FH[9Y
UM 75 E22NEME, 21,108 JUs (200337"3%5@ 8,098 774 3 0 -
- - Disease X H 22 1'8S/3 RNAHO|2{ 29| JE== 12 300,000 3917 15160 260 8
Ol EmlZ Qlof watst 74 2 '20.58) o (2009.5~20104) ' ' '
TEEN o1 275"%: 22 2578 888 186 38 20
34 oJ2t 73t . wie N 05
BB | anme )  U6HT 7R samet sk o DO
SR m - 5OPE MSZAEE ChS-CHH|E 2lsi WHO, CEPI S2 LHR¥ 715°40| =2 HIO|ZAE o2 3t RU=9| HYUME Uu
U - O|& Htd-=hgsto] MLl Bl X|2x| 2opE 24=%] BRME 1H

[ ° [ ] L]

(2 (2Ha (EHa)
. @aal D\ﬁ*‘%l)(sns) . L4 (SF‘TS) (SF.TS)
° (iitH 9 ° L4 (iiLHg)(MERS} (ii.LMg)
° 5 ° ° & @)

° (ERETux ze | WEUE AR 2t

° (ul EI;RSV) ° ° u nl)’(RSV) (Lmr).(ksv;
° 2 Fon ° °
® @t

MERS

L
(KI27Lioh
]

b

@
@

FEN USUEY URY O

el SF71 A=, 2ASH 2, (20235.11)

07 | A2 HERd

HEHT 750 By

ZE Y]

M Y HEYA 75 T

e o2 7 AFE A0 CHHSHY| R3] =2 M|t FH= 7H2)

Zey 2o nE AR

-196 -




1. =M 72 GEA ey gEAHA 7S

(===}

08 | ‘BANIXIR 27 Hal

TSR]l CHSH Q1A bS5}
"R XH" e 2o Q14 tH

SRl B7io|R GITLE P8, S22 S e MM SICiRtE
Tl XjelS SIS H KiRloA LTt shasli Zio| T

“HARMFUL"” to humans

o

EEA xR

: “BENEFICIAL" to humans

- g =z [ERERCELE I /a'\
* Hol(Controh 2] Tet - B2|(Management)@| CHA i ¢

- SZopguol Uz

ABTARHO[2AA gl SIETURMIORS T o0 oo Al

LH SRR 28 2R

M
>
=]
o0

=

- 7|8, Sk, SRASMMESL MY s,
ZE HERAO|M MEXH ST, BE| W 282 2l
HZEstn xHlo| gt ta|of F=istn Qe

nl =] AR2IX
MBoTAte| S| U SEED e eio) 1 2 2]
28 0|2 e TeHeiE
=T Sl74E
KR oo olo| wETR| U =Ema) u2ciops =T 9l 0|0 i
HE opE B U 2k

O8] 2ot ¥E

. 2248
sleruaiielo| 2z U ol jl2 2l Bi2(o] 25 g,
olg 50 2izt g SR R

P AN A2|E St LSt HA| S8 2%t

HENKIEI0| 3R FE HX) U BN Xt

- HEIN 2% U HANXIS PSS 96l 271K Kislo] BB HE
HIESIS AIA% 7%, 7l0|=2191 T, Hizol Zkast S Chet X|2io] Best

o7 | Bt HRIRIRLR B9 HO
* O] 7HIojA] 0 RS 263 9IX

e HIZ0]40%(44/113)
O HRUH| HSEl= B2 85

RIS HRNRIRIS KBSl TA U Aot g uig 720
“ ARl el G 2lol RS HENP 2 &
TR 0fl =BH5(0] QLs 2| EOF A| AAVHET} BEIEIX| 2 Bt

o= H 7|ERIRL HEfBloopsHE HAZgo=2 S8Y v

HXIglo| 22X 2 25t 2 7t

“EHQIH| XF2” 2 MH|A =2 S7}

« 7|EAT0f| oI5 2H O[S AR} B T2V} Lo = MESH ZHal,
CHERs=2] Q10| 'H KXo 4 2h

n
9
2

4u
2

e
ot

o

40
_Q_I
ot

1o

o
of

ST TS TR

o ssnasma eltoimtelol B9 el Akl

o
l:él&
Yeliilol Symeet | SsiAlag T Hzl

* AR 2R FYRAATR ULYNE YANKATRIT, =7 SRAMKIRS| +H o] A 8 FTS fit YE MY 2oy 2016
o

4 A
<Thyen Atel S et 9 2% Aty 803>

09 | BRAMXIY S=XHa 2 Y ot

0| MBI s Z st

& LITORRIEM & IHIH Aol [HE AKX =2 57t
- K| Khelo] T332 NRjstol Fa MAITO|A S LEnoklA
ool et BiEROE BEeAl S

£ o & -

o} 2{Alo} % FHLIEE 13971=

U=

H|Z=3 02HF O|F - X=Akd mish 221 =2 EU, SRS
" , &S

(S 2= MEXIS B UHE 7152
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= 2012 2013 2014
(Dollars in millions and rounded)

HPV and/or Cervical Cancer Vaccines (Xt 452 $26 $25 $38
Malaria Vaccine (Z2t2|0h $40 $34 $36
Tuberculosis Vaccine (Z24) $21 $26 $31
Vaccine Related (2441 ) $1,691 $1,608 $1,573

Vaccine related (AIDS) $557 $518 $533
* EX : httpy//Report.nih.gov
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Pre-Clinical to Approved:>7%
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» Stem Cells (Pluipotent stem cells, Tissue Stem Cells)

> EH/HHYS et SOIH YK =4
(Growth Factor, small molecules, nutrient. etc)
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Liver

Kidney

Stomac

O

Intestine

Cancer

Eye (Retina)

Lung

p Strengths

- Ready-to-use platform for the disease X
- high-human tissue similarity

- Easy assay better than animal models

- Low cost better than animal models

- High-Throughput Screening (HTS) system

» Weaknesses
- Limits to systemic effect
- Limits to immune response
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