An all-in-one adjuvanted therapeutic cancer vaccine
approach targeting dendritic cells to induce potent
tumor killing cellular immune responses
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A Novel Built-in Adjuvanted Vaccine
Platform
Inducing Robust

Cross Presentation



X-presentation required:

Vaccines that should induce
stronger cellular immunity

Tuberculosis
Viral infections
Cancer
Therapeutic vaccines



TCV: ALL-in-ONE Vaccine Platform

D: DC-Targeting/Internalization
D 0 X 0 F X: Antigen
F: Flagellin Adjuvant

Engineered vaccine: get THREE birds with ONE stone?
1. APC Targeting/Activation
2. Cross presentation
3. Built-in adjuvanted vaccine




Era of Cancer Immunotherapy: One of the Pillars for Cancer Treatment
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Immune Responses against Tumors
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Tumor Immunotherapy

Therapies that Might Affect the Cancer-Iimmunity Cycle

l,/4’~\ Trafficking of
\r/ T cells to tumors

Priming and activation
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Cancer antigen
presentation —

(Z)
&=/

Vaccines 2

IFN-¢ 7N Recognition of
GM-CSF '\6/' cancer cells by T cells
Anti-CD40 (agonist)

TLR agonists CARs

Killing of cancer cells
.

/) Anti-PD-L1
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IDO inhibitors

Release of -/
cancer cell antigens

Chemotherapy
Radiation therapy

Immunity 2013 39:1

Targeted therapy

2,

Current and future of tumor
immunotherapy

. Immunomodulators

ICI

Co-stimulating agonists

Cytokines

Inhibitors of immunosuppressors (Treg cells
and MDSC etc.)

Immune cell therapy

CAR-T cells
TCR-transduced cells
NK cells

3. Cancer vaccine

Neoepitope-based cancer vaccine




Combination therapy to launch curative immunity: Cancer vaccine

Cancer Combination Therapy — Two Keys for Success
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Trends in Tumor Immunotherapy (2019, AACR)

IMMUNOTHERAPY

WHAT TO EXPECT IN 2019
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* of immune New
checkpoint engineering
inhibitors with approaches

other treatments toCART
therapies

Dealing with adverse
events from
immunotherapy

@ :
s Vo
% o 2 Development

&
of personalized

Developing CAR T e
° therapies for solid tumors

Graphic based on conversation with James P. Allison, MD; Courtesy of the American Assoclation for Cancer Research.




Global I-O landscaping by modality
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Therapeutic Cancer Vaccine (TCV)

Potential to induce long-lasting tumor-
specific memory T cell populations
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Neoantigen-based personalized
cancer vaccine
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Four key components of cancer vaccines

Tumour-associated

e Overexpressed

e Tissue differentiation
¢ Cancer-testis

® Oncofetal

Tumour-specific
* Oncogenic viral
* Neoantigens

L

Protein-based or
peptide-based
Anti-idiotype antibody-
based

Heat shock protein-based

Nucleic acid-based
e DNA
* mRNA

Cell-based
* Whole tumour cells
¢ Antigen-loaded DCs

Vector-based
e Viral
e Bacterial

TLR agonist
* Poly-ICLC
* MPL

* CpG ODN
* Imiquimod

DC-targeted
monoclonal antibody

e DEC205

* Agonistic CD40-specific

Saponin-based
* ISCOMATRIX
e QS-21

GM-CSF
STING ligands

Tetanus or
diphtheria toxoid

Emulsions

* Montanide ISA-51
and Montanide
ISA-720

Liposomes
Virosomes
Nanodiscs

Nature Reviews Immunology. 2018 Mar;18(3):168




21c Vaccine and Adjuvant

Classification of Adjuvants
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© World Health Organization 2013
J P a rti c u I ate a dj u va n ts All rights reserved. Publications of the World Health Organization can be obtained from WHO Press, World Health
Organization, 20 Avenue Appia, 1211 Geneva 27, Switzerland (tel.: +41 22 791 3264; fax: +41 22 791 4857; e-mail:
) v.ingl equests for ission to or translate WHO publications — whether for sale or for

ion — should be to WHO Press at the above address (fax: +41 22 791 4806; e-
mail: permissions @who.int).
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The and the p of the material in this publication do not imply the expression of any

opinion whatsoever on the part of the World Health Organization concerning the legal status of any country, territory,

city or area, or of its authorities, or concerning the delimitation of its frontiers or boundaries. Dotted lines on maps
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The mention of specific ies or of certain " products does not imply that they are endorsed or
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Errors and omissi ted, the names of ietary products are distinguished by initial capital letters.
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. . . . . this publication. However, the published material is being distributed without warranty of any kind, either expressed
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World Health Organization be liable for damages arising from its use. The named authors [or editors as appropriate]
alone are responsible for the views expressed in this publication.

v Endogenous human immunostimulators
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version of this document, which will differ from this version in editorial but not scientific details, will be published in the
WHO Technical Report Series.
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— ASO01, AS03, AS04, AS15, glucopyranosyl lipid adjuvant-stable emulsion (GLA-SE), CAFO01, etc

WHO guideline, 2013



Adjuvant: putative mechanism of action and DC
APC: Antigen Presenting Cell
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DC: Impaired in fumor patients
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Therapeutic approaches targeting DCs
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STRATEGY: All-in-One vaccine

D: DC-targeting /

X: Antigen / Evaluation / F: Adjuvant PAMP signaling /

internalization / carry cargo  Optimization / Antigen TLR5 and/or NLRC4 / engineerable
/ upgradable
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5ug/ml

1 ug/ml

mock

CD11c* gated
1

TLRS

processing & presentation g

Screening
‘ XF DXF Selection

CD11c+
cell

Antigens Antigen Antigen
Protein chain processing Ppresentation

Platform Technology / Ready-to-Use / Versatile Application / Addressing Unmet Needs



Adjuvant paradigm

Stronger / broader immune response
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TLR ligands: immune modulators

TLR signaling serves linker between innate and adaptive immunity
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TLR ligands are considered as an atiractive adjuvant candidate in vaccine development
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Flagellin Adjuvant:

Flagellin

Defined molecular targets

Cytosol

TLR5 ~ ' 1J| NLRCA4 Cytosol
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Inactive \
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¥ X
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Flagellin: ligand for both TLR5 and cytosolic PRR (NLRC4)
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Our Previous Studies: Flagellin Adjuvant (Efficacy) @ F
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Our Previous Studies : Flagellin Adjuvant (Safety & Biodistribution) [B) B F
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A Novel Approach

Phage display library screening

Phage
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In vivo CD11c* Cell Targeting / Intracellular Localization



In vivo biopanning o 08

In vivo CD11c* Cell Targeting / Intracellular Localization
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DCpepb

Intracellular DC-Targeting Peptide
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Structural alphabet (SA) prediction profile
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Intracellular DC-Targeting Peptide & Optimal Antigen [l x -8
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Development of All-in-One vaccine

Sequence design

D-X-F
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All-in-One vaccine: In vitro DC internalization
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All-in-One vaccine: In vivo DC internalization b |x ' F

Groin Administration -> iLNs
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All-in-One vaccine: human DC o (X 1E)
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Tumor volume (mm®)

Tumor volume (mm?®)

All-in-One TCV: Efficacy
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All-in-One TCV: Mechanism of Action

In vitro DC Activation
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Antigen Processing in CD11c* Cells
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Cytosolic DEFs should have been effectively processed
by proteasomes for cross-presentation



All-in-One TCV: Mechanism of Action b [x [F

Antigen-specific immune responses
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All-in-One TCV: Mechanism of Action b [x [F

Antigen-specific immune responses (fumor-bearing mice)
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All-in-One TCV: Mechanism of Action (TLRS vs NLRC4) b ' x [F

BMDC : CFSE-CD8* (1:5)
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All-in-One TCV Platform: Summary

D: DC-targeting/Internalization
X: Antigen
F: Flagellin Adjuvant
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Platform Technology / Ready-to-Use / Versatile Application / Addressing Unmet Needs



Flagellin adjuvanted vaccine:

Deimmunization of FlaB, one more
step toward clinical application



Challenge of biotherapeutics
POTENTIAL IMMUNOGENICITY
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Comput Struct Biotechnol J. 2021; 19: 315-329.

Anti-drug-antibodies Deletion of immunogenic epitopes

v Repeated drug administration * Experimental approach

v Alteration of pharmacokinetics . Computationalapproach
v Reduced efficacy

v Allergic reactions (ex, anaphylaxis)



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7779837/

Deimmunized flagellin: Prediction of Immunogenic region
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Deimmunized flagellin as a mucosal vaccine adjuvant

Khim Koemchhoy et. al. npj Vaccines (2021)
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