2025 National Adult and Influenza
Immunization Summit - 5/15/25

% MOREHOUSE

SCHOOL OF MEDICINE

THE PROMISE OF MRNA VACCINES

Adult and Influenza Immunization:
Looking Back, Moving Forward
Session on “New Vaccines”
Atlanta, GA
15 May 2025

Barney S. Graham, MD, PhD
Director of the David Satcher Global Health Equity Institute
Professor of Medicine and Microbiology, Biochemistry, & Inmunology
iy Morehouse School of Medicine
Immunization Summit — 5/15/25 Atlanta’ GA

verarall | AM MSM

<’ SCHOOL OF MEDICINE

Disclosures

* Vaccine Inventor » Scientific Advisory Boards
* Coronaviruses * Vaccine Company, Inc.
Respiratory syncytial virus * Third Rock Ventures, Foundry

Influenza virus * Akagera
Nipah and other paramyxoviruses e Consultant
Zika e GSK
* Monoclonal Antibody Inventor * Pfizer
* Ebola * Sanofi
* SARS-CoV-2 and other coronaviruses * AstroZeneca
* Exevir




2025 National Adult and Influenza
Immunization Summit - 5/15/25

Brief History of Nucleic Acid Vaccines

Expression CTL, in vivo
in situ protection
(Wolff et al.) (Ulmer et al.)

First patents

WHO May 18 namlng convention,
DNA or RNA Nucleic Acid Vaccines

First DNA vaccine
product licensed
for animal health

Human antibodies

issue (Roy et al.)

Cold Sprlng Harbor Meetlng 1992

HV & Canens

First reported by 4 groups.
[ UT SW, Merck/Vical, U. Mass, U. Penn
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Codon-modification
improves immune
responses

Adapted from Ulmer, Liu, and Weiner

Modified Nucleotides Reduce DC Activation by RNA

iy, Vol 23, 185-175, August, 2005, Copyrig . DO!

Suppression of RNA Recognition by Toll-like
Receptors: The Impact of Nucleoside Modification
and the Evolutionary Origin of RNA
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Modified Nucleotides Increase Protein Production
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West Nile Virus VRC DNA Vaccine

Ab (EC50) by RVP neutralization assay responses

vt The Journal of
Infectious
Diseases

Cell

Host & Mitfobe

Structural insights into the
mechanisms of antibody-mediated
neutralization of flavivirus infection:
implications for vaccine development.
Pierson TC et al.

VRC303 (18-50 years) VRC303 (51-65 years)
0000

-

A West Nile Virus DNA Vaccine
Utilizing a Modified Promoter
Induces Neutralizing Antibody in

Younger and Older Healthy Adults

in a Phase | Clinical Trial.

Ledgerwood JE, the VRC 303 Study

Team, et al.
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Epidemiology
ASPR and Site/Country
US Dept of support
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Decision to support DNA vs. Whole-inactivated

Both likely to work based on animal model data or historical
precedent

Both difficult to scale-up
Both have willing Pharma partners
Both have unknowns: Epitope authenticity; durability, final cost

Inactivated whole virus is a licensed technology in clinical use

Inac_ti\llated whole virus has more antigens and is a more native
particle

Inactivated whole virus is given by traditional needle and syringe

DNA is farther advanced in clinical development
DNA induces antibody responses and CD8 T cell responses
DNA may facilitate mRNA advancement
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Both have unknowns: Epitope authenticity; durability, final cost

Inactivated whole virus is a licensed technology in clinical use

Inac_ti\llated whole virus has more antigens and is a more native
particle

Inactivated whole virus is given by traditional needle and syringe

DNA is farther advanced in clinical development
DNA induces antibody responses and CD8 T cell responses
DNA may facilitate mRNA advancement
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MmRNA immunization strategy
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Protein expression affected by mRNA chemistry and manufacturing process

* Authentic antigen presentation

* Induction of both antibody and CD8 T cells

* Thl-biased CD4 T cells

* Vaccine components rapidly degraded

* Only requires entry into cytoplasm

* No anti-vector immunity

* Rapid platform manufacturing

* Chemical synthesis, no bioreactor requirement
* Scalable

Flavivirus Nucleic Acid Vaccines

The Journal of
Infectious
Diseases

Dowd KA, Ko SY, Morat
Mascola JR, Plerson TC, Graham BS

Science:=
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Rapid development of a DNA
vaccine for Zika virus
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WNV 2007

in the Americas, 2015-2017

Zika 2016
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2017

Source: PAO, 82572017

DNA — mRNA

2017

2020

2023

LETTER

Zika virus protection by a single low-dose
nucleoside-modified mRNA vaccination

SCIENCE ADVANCES | RESEARCH ARTICLE

VIROLOGY

Development of a potent Zika virus vaccine using
self-amplifying messenger RNA

Kate Luisi'¥, Kaitlyn M. Morabito®*, Katherine E. Burgomaster’*, Mayuri Sharma'’,

Wing-Pui Kong®, Bryant M. Foreman’, Sonal Patel’, Brian Fisher’, Maya A. Aleshnick™,

Jason Laliberte', Madison Wallace', Tracy J. Ruckwardt’, David N. Gordon’, Christine Linton'%,
Nicole Ruggiero'!, Jessica L. Cohen’, Russell Johnson', Kunal Aggarwal’, Sung-Youl Ko?,

Eun Sung Yang?, Rebecca S. Pelc*", Kimberly A. Dowd’, Derek O'Hagan', Jeffrey Ulmer',

Sally Mossman', Anna Sambor, Edith Lepine'*, John R. Mascola’, Theodore C. Pierson®**,
Barney S. Graham®**, Dong Yu'**

npj | vaccines

e macure com/npivaccines

ARRGE FYrer—
An optimized messenger RNA vaccine candidate protects non-
human primates from Zika virus infection
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o Wars Alch SOk’ Wing-Pui Kang', Bion € Fisher', Tracy J. Ruckword! ', Kaityn M. Moo (5,
Kimberly A. Dowd”, Theodore C. Plerson’ and Andres. Carf
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Publications on Nucleic Acid Vaccines
Advances in
LNP formulations
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2001 Nipah
2001 Smallpox nature S s
2002 SARS-CoV-1 immunology JAMA ..
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2005 H5N1 influenza P —— Novel Vaccine Technologies Essential
2008 Marburg S Components of an Adequate Response
Emerging viral dise.?ses from a vaccinology to Emerging Viral Diseases
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2011 Chikungunya
2012 MERS-CoV
2014 Ebola
2014 EV-D68
2016 Zika Prototype Pathogens Platform Manufacturing
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Class | Fusion Glycoproteins
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Prototype Pathogen Approach to Pandemic Preparedness

RSV prefusion F

RSV Vaccine Design
icience November 2013)
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Uniled States: COVID-19 weekly death rate by vaccination status, All
ages

Death rates are calculated as the number of deaths in each group, divided by the total number of people in this group. This

is given per 100,000 people.

35
30
25
20
15
10

5

Unvaccinated
OW/-\'—“‘_‘* —— e e St Vaccinated with bivalent booster

Oct 9, 2021 Mar 31, 2022 119, 2022 Oct 17, 2022 Apr1,2023 - Vaccinated without bivalent booster

Data source: Centers for Disease Control and Prevention (2023) OurWorldinData.org/coronavirus | CC BY

Note: The mortality rate for the 'All ages' group is age-standardized to account for the different vaccination rates of older and
younger people.
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Safety and Effectiveness of mRNA Vaccines

Percentage of total population vaccinated with at
least one dose of a COVID-19 vaccine

Votid) e 2 * ~13.7 billion COVID-19 vaccine doses given
*  ~50% were mRNA
* Adverse events
* local reactions
*  systemic reactions
*  ~2 per 100,000 myocarditis
*  No documented long-term disability
* No evidence of vaccine-associated mortality
* In 2021 >14 million deaths averted based on

mortality attributed to COVID-19, and >19

% of total population million deaths averted based on excess mortality
- - * ~3 million deaths averted in U.S.
| I |
4% 100%
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mRNA immunization strategy
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Nelson et al. Sci Adv 2020

Protein expression affected by mRNA chemistry and manufacturing process

< COVID-19 data indicate mRNA is safe and efficacious

» Stability and supply chain is improving

« Small footprint, small batch manufacturing is well
suited for LMICs and rapid iterative design cycles

*+ mRNA s not magic — antigen design is critical

* Need to minimize mRNA side effects and reduce cost

Bouckus

MRNA Vaccine for Pancreatic Cancer

Custom manufacture
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Sethna Z, et al. RNA neoantigen vaccines prime long-lived CD8+ T
cells in pancreatic cancer. Nature. 2025 Mar;639(8056):1042-1051.

Median RFS: not reached

Median RFS: 13.4 months
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Conclusions

* New era of vaccinology based on new technologies

* Precision antigen design with rapid and scalable platform
manufacturing provides an engineering solution for achieving
generalizable vaccine approaches for pandemic preparedness

« mRNA will solve unmet vaccine needs and accelerate R&D for
multiple targets

+ Critical to keep investing in basic research

» Room for improvement on design, purification, stability, and cost
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