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Disclosures

* Inventor on vaccine patents for:
* Coronaviruses
* Respiratory syncytial virus
* Influenza virus

* Nipah and other paramyxoviruses
e Zika

* Inventor on monoclonal antibody patents for:
* Ebola

e SARS-CoV-2 and other coronaviruses



History of mRNA Therapeutics (Pre-COVID)
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MRNA immunization

Type | IFN
’ (IFNG, IFNg)
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MRNA Design Options

Conventional mRNA Vaccines
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Elements of mRNA Design
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Lipid Components of LNPs
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Comparison of BioNTech and Moderna LNPs

Description

MRNA

Lipids

Salts,
sugars,
buffers

Pfizer-BioNTech COVID-19 vaccine

Nucleoside-modified mRNA encoding the viral
spike (S) glycoprotein of SARS-CoV-2

2[(polyethylene glycoiI-EOOD]-N,N-

ditetradecylacetamide
1,2-distearoyl-sn-glycero-3-phosphocholine
Cholesterol

(4-hydroxybutyl)azanediyl)bis(hexane-6,1-
diyl)bis(2-hexyldecanoate)

Potassium chioride

Monobasic potassium phosphate
Sodium chloride

Dibasic sodium phosphate dihydrate

Sucrose

Modema COVID-19 vaccine

Nucleoside-modified mRNA encoding the viral spike
(S) glycoprotein of SARS-CoV-2

PEG2000-DMG: |,2-dimyristoyl-rac-glycerol,

methoxypolyethylene glycol
1,2-distearoyl-sn-glycero-3-phosphocholine

Choiesterol

SM-102: heptadecan-9-yl 8-((2-hydroxyethyl) (6-0x0-6-

(undecyloxy) hexyl) amino) octanoate
Tromethamine

Tromethamine hydrochloride

Acetic acid

Sodium acetate

Sucrose

EUA fact sheet



Vaccine Modalities - Pros and Cons

Vectors DNA MmRNA Protein Whole virus
g
Previously licensed +/- = - + ++
Stability ++ ++ +/- + +
Rapid manufacturing + ++ +++ +/- +/-
Antibody + +/- ++ +++ +4+
CD8+ T cells ++ + ++ - -
CD4+ Th1l ++ ++ ++ +/- +/-
Tth 1 +/- + + +
Nuclear entry required + + - - +/-
Rare adverse events + +/- +/- - +
Anti-vector immunity + - - - i,
CD4+ Th2 +/- +/- +/- + +
Cell culture + - - + +
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Relative Efficacy of Vaccine Modalities
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Vaccine-Associated Enhanced Respiratory Disease

Non-neutralizing antibody Th2-biased response
|
Complement activation in Increased inflammation Eosinophils and Mucus production
small airways Impaired cytolytic function  neutrophilic alveolitis airway hypersensitivity
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Multiple Vaccine and
Therapeutic Applications in Development

* Individual proteins * Self-assembling particle-based
* Multicomponent vaccines * Cancer vaccines

e Membrane-anchored * mAb delivery

* Secreted * Combination vaccines

Prophylactic vaccines

Encoded
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HIV Lika VLP

HIV
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moderna =%
Adapted from publicly available slide




Organizing for Pandemic Preparedness
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Herpes
Pox
Rhabdo
Hepadna
(Arterivirus)

Core Functions

Sequencing/synthesis
Protein production
Structure/Antigen design
Antigen display/delivery
Animal modeling
Pathogenesis and organ-

specific immunology
B cell biology/serology

T cell biology/flow
cytometry

Single cell analysis
Computational biology
Bioinformatics
Process development
Pilot manufacturing
Phase I clinical trials

Class Il
Toga
Matona
Flavi/hepatitis C
Bunyavirales order
Hanta
Nairo
Phenui

Non-enveloped

Picorna (EV-D68)
Polyoma
Papilloma
Calici
Astro
Adeno
Parvo
Reo
Hepe

Core functions:
Product development
and analysis capacity.

Research Groups:
Organized by viral
fusion protein type;
focused on pathogen-
specific biology

Graham & Sullivan.
Nature Immunology 2018


Présentateur
Commentaires de présentation
We envision the work being organized around cross-cutting core functions, and gathering expertise divided by the biology of virus entry. 


The Cellular Revolution in Africa

Cell Phone Ownership Surges in Africa Africa not just a mobile-first continent -
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* Mobile money transactions
* Authentication of products
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The Future of Manufacturing




Summary

MRNA rapid manufacturing by chemical synthesis is a platform technology
It potently induces antibody and CD8+ T cells and promotes Th1 and Tfh
COVID-19 data suggests mRNA is safe and efficacious

No anti-vector immunity

Stability and supply chain is improving

Small footprint, small batch manufacturing is well suited for LMICs

Room for improvement in codon selection, secondary RNA structure, down-
stream processing, lipid composition, formulation, and delivery

MRNA is not magic — antigen design is critical



Questions?



Structure-guided Stabilization of HKU1 CoV Spike
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COVID-19 VACCINE & MAB DEVELOPMENT
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High Quality Protein is the Beginning for Everything

e NEW ENGLAND
JOUENAL of MEDICINE

An mBNA Vaccine agamst SARS-CoV-2 — Preluninary Report
Evaluation of the mRNA-1273 Vaccine agamnst SARS-CoV-21in

Monhioman Primates
Safety and Immunogenicity of SARS-CoV-2 mRNA-1273
Vaccine in Older Adults
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Foundation for rapid COVID-19 vaccine development

Year(s)
Vaccine development for SARS-CoV-2 } 1
Development of prototype mRNA vaccines for MERS-CoV and Nipah
3

Public-private partnerships for pandemic response

CoV spike structure and stabilization

Paramyxovirus vaccine antigen design } 8

15
RSV structure-based vaccine design Nucleic acid vaccine development
Repeated inadequate responses to pandemic threats
20
Advances in HIV Env structure Advances in human mAb discovery
40

Coronavirus virology RSV immunology (VAERD) }

HIV-driven technology; clinical and research infrastructure development



Immunogenicity

Protection
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Phase 3 Efficacy Data for COVID-19 mRNA Vaccines
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SARS-CoV-2 infections

Real World Effectiveness Estimates from Israel
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