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Learning Objectives

After attending this presentation, learners will be able to:

* Describe the current status of HIV vaccine development

* Articulate how the application of mMRNA technology may speed the
testing of new and existing HIV vaccine concepts
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A Tale of Two Pandemic Vaccine Efforts
HIV pandemic: >40 years Questions:
* 793 m?ll?on have b?en infected + Why the difference?
* 36.3 million have died of AIDS
* No successful vaccine * Isitall related to mRNA
?
SARS-CoV-2 pandemic: 2% years technology?
* 522 million have been infected « Will mMRNA vaccines
* 6.27 million have died of COVID-19 revolutionize the HIV vaccine
* Multiple successful vaccines field?

Answers

* Why the difference between HIV and COVID vaccine development?

* HIV and SARS-CoV-2 are inherently different viruses with vastly different
susceptibility to pre-existing or vaccine-induced immunity

« Is the rapid devel

* Vaccines against SARS-CoV-2 protect against symptomatic disease and severe

infection, but don’t provide sterilizing immunity

* Vaccines against HIV will almost certainly have to provide sterilizing immunity
P

technology?

1t of COVID

all related to mRNA
deploy than protein vaccines

* No, but mRNA helped because mRNA is inherently faster to develop, test, and

* Will mRNA vaccines revolutionize the HIV vaccine field?

* Maybe not revolutionize, but they will certainly help speed the process
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SARS-CoV-2 and HIV Vaccine Development

* Lessons learned in HIV vaccine development

« Current approaches in HIV vaccine development
* SARS-CoV-2 vaccine development and the role of mRNA technology

* How will mRNA technology be lied to HIV ines?

HIV Vaccine Clinical Development

2003 2007 2009

HIV Basic Research

Isolation of HIV

First Phase 1 VaxGen RV144 Thai Trial HVTN 702
MicroGeneSys AIDSVAX ALVAC (ALVAC-HIV/
9p160 subunit op120 prime/gp120 gp120/C)
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HIV Vaccine Clinical Development
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HIV Vaccine Clinical Development

st Phase 1 RV144 Thai Trial HVTN 702
icroGeneSys ALVAC
9p160 subunit

(ALVAC-HIV/

prime/gp120 gp120/C)

boost (31%)
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Other rAd-based
vaccines that do not

DNA/rAdS5 HIV-1

Preventive Vaccine induce neutralizing
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Lessons Learned

* HIV vaccines so far have failed to induce
neutralizing antibodies — and failed to
protect
* Efforts should be directed towards —
developing immunogens that stimulate o
neutralizing antibodies ,e;%ﬁ g
* It has been difficult to induce neutralizing X %
antibodies to HIV
* Variable loops
. lope is heavily gly lated
« Shielding of ization d

* Multiple clades of HIV with only limited cross-
neutralization

SARS-CoV-2 and HIV Vaccine Development

* Current approaches in HIV vaccine development
* SARS-CoV-2 vaccine development and the role of mRNA technology
* How will mRNA technology be applied to HIV vaccines?
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Structure-Based Vaccine Design
Leading to Stabilized Pre-Fusion
Immunogen Structures are
Critical to Eliciting the Correct
Antibody Response

RSV, SARS-CoV-2, HIV

Structure of Prefusion RSV F Glycoprotein

|structure of RSV Fusion Glycoprotein
l Trimer Bound o a Prefusion-Specific

Neutraiizing Antibody

.........

Prefusion Postfusion

SARS-CoV-2 Spike Protein (vaccine target)

Image of coronavirus

attached to host cell

Prior work with MERS-
CoV provided key
information on how to
stabilize the Spike
protein (5-2P)
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HIV Vaccine Clinical Development

2007 2009

HIV Basic Research

HIV Vaccine Early Phase Trials
Isolation of HIV

First Phase 1 VaxGen RV144 Thai Trial HVTN 702

MicroGeneSys AIDSVAX ALVAC (ALVAC-HIV)

9p160 subunit op120 prime/gp120 gp120/C)

boost (31%)

Merck A5 VRC DNAWAGS Janssen Imbokodo
(gagipolinef)  (envigagipol) (AG261gp140/C)

None of the HIV vaccine efficacy trials used HIV
envelope in a stabilized trimeric (pre-fusion) form.

However, these types of Inmunogens are now far
along in clinical development.

Atomlic Level Structure of HIV Env (2013 - present)
[X-ray crystallographv and Crvo-EM1

BG505 SOSIP

Native trimer structure is important

Only stabilized native trimers structures will stimulate neutralizing antibodies

But these neutralizing antibodies do not neutralize

heterologous strains and do not protect broadly o

Conclusion: Stabilized Envelope Trimer is necessary but o
insufficient to stimulate broadly-protective neutralizing Lot |
antibodies

Sanders et al, Science 10 Jul 2015: Vol. 349, Issue 6244, pp. DOI: 10.1126/science aac4223
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Trimer Structure has Allowed Identification of
Broadly Neutralizing Antibody Targets

Major sites of bNAb recognition

\ HIV
apee on HIV envelope trimer

Membrane
Proximal External
ion

Challenge: Designing Immunogens to Induce
Antibodies to Neutralization Epitopes

Viv2 glycan o
V3 glycan _ 4 Y
"\;-V_ & 3 ’
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WP"“" g rembmrlvc
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— R
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7= Ab
D — E ........ 2
»/
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)f’ Germline B Cell Receptors
gl g Jardine, Jullen, Schief et al.
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e0D-GT8 Immunogen is in Human Clinical Trials

Phase | human clinical trial completed

Can the eOD-GT8 immunogen stimulate
the expansion and initial maturation of
naive B cell precursors of VRCO1-like
CD4bs antibodies?

eOD-GT8

Quantify, sort and sequence the Ig genes
of B cells that bind eOD-GT8 before and
after immunization

60-mer
(Nano-particle) + Are the IgGs of the VRCOL class?

+ Have they expanded after vaccination?

+ Larger particle
+ Improved immunogenicity

Next Steps
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1v2 glycan o e P
? Caoenn R -
i Subunit Interface ‘\( 1 3
s ‘Av‘ i Membrane
7f. » Proximal External
4 . 1 - Region
\\

The 2022 Ryan White HIV/AIDS Program CLINICAL CONFERENCE, San Diego, California, October 16-18, 2022

Page 9



Next Steps

* Germ line Each protein requires 1-2 years of ing process
stimulation N
development before phase 1 testing

\ 5 This development pathway will be extremely long (years
- decades)

SOSIP Trimer

SOSIP Trimer

'L

Lessons Learned (2)

« Knowing the structural details of the HIV envelope has been crucial
for designing the next generation of immunogens that can stimulate
neutralizing antibodies to HIV

* Native envelope trimers as immunogens are unlikely to stimulate
more than very limited autologous neutralizing antibodies

« A complex series of immunogens will be needed to direct the
immune system to make broadly neutralizing antibodies

* Unless we can quicken the process of developing new immunogen
platforms, the development of an effective HIV vaccine is still years
(decades) away

SARS-CoV-2 and HIV Vaccine Development

* SARS-CoV-2 vaccine development and the role of mRNA technology
* How will mRNA technology be applied to HIV vaccines?
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Rapid SARS-CoV-2 Vaccine Development:
Moderna mRNA-1273

Jan 10, 2020: Mar 16: May 29: Jul 27: .
Virus Phase | Phase I Phase Ill Noayeis o
sequence begins begins begins Breliminary
released SHficacy
GMP.
production
and preclinical Dec 18, 2020
evaluation (EUA)
initiated
in parallel
= <5 days 65 days.
— 139 days
198 days
311 days

342 days

Days from sequence release

USG Supported Six Vaccine Products

EDA EUA Dec 18, 2020

Moderna mRNA ) S ™ EDA approval Jan 31, 2022
BioNTech/Pfizer mRNA sep mp  FDAEUA Dec 11, 2020
EDA approval Aug 23, 2021
AstraZeneca Adenovirus wiepke mp MHRA Dec 30, 2020
vector EMA Jan 29, 2021
Adenovirus sp = FDAEUA Feb 27, 2021
Janssen i r
Recombinant 4 s m FDAEUA July 13, 2022
Novavax protein + adjuvant Y
+
sanofi Recombinant vp s» ™ Efficacy Results Feb 23, 2022
anofi protein + adjuvant

Pfizer and Moderna Efficacy

Baden & Sahly et al, NEJM
Polack et al, NEIM Dec 30, 2020

Dec 10, 2020
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COVID Vaccines Administered in
the US Through September 2022

COVID-1g vaccine doses administered by manufacturer, United States B

Pfizer BioNTech
mRNA
Moderna

Johnson & Johnson

COVID Vaccines Primarily Prevent Disease,
Not Infection

'A] Age 218y, age adjusted
160

Unvaccinated

Vaccinated
Vaccinated with a primary
series without booster

From Jan-Apr 2022

10.5xmore frequent in unvaccinated and
25x higher in unboosted, comparedto
vaccinated and boosted

Vaccinated with boaster

g
:
£

R S

&b S S
IR A
2021 2022

ide 35 Havers, JAMA Int Med, Sept 8, 2022

USG Immunogenicity and Correlates
Analysis

SCIENCE + 23 Nov 2021 -« Vol 375, Issue 6576 « pp. 43-50 « DOL 10.1126/science.abm3425

RESEARCH ARTICLE

Immune éorrelates analysis of the mRNA-1273
COVID-19 vaccine efficacy clinical trial
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Summary of Correlates of Protection

Vaccine efficacy against COVID-19 increases with vaccine-induced
neutralizing antibody titer

VE Against COVID-19 Through 4 Months Post Dose 2

Day 57 cID50 Titer Point Estimate (95% Cl)

Undetectable (< 2.4) 51% (-51, 83%)
5 71% (30, 87%)

o 78% (54, 89%) ~5-fold increase in

100 91% (87, 94%) Ve om tter 5 to
1000 96% (94, 98%)

Lessons Learned (3)

 Aspects of SARS-CoV-2 that led to rapid vaccine development
include:
* Prior work (knowledge) on SARS coronavirus Spike structure
+ Ease of Spike protein stabilization
* Use of mRNA and viral vectors to express the Spike immunogen
* Rapid mobilization of USG support of pharma/biotech
« High efficacy against symptomatic COVID was achieved by multiple
different vaccine platforms
* Induction of neutralizing antibodies by the vaccines correlate with
protection against COVID
* But vaccine protection was incomplete and waned in the face of the
emergence of new variants of concern

SARS-CoV-2 and HIV Vaccine Development

* How will mRNA technology be applied to HIV vaccines?
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Moderna (and others) are getting involved
in HIV Vaccine Development

The same week that J&) announced that it’s Ad26-based HIV vaccine
was stopped for lack of efficacy:

_
Moderna to Begin Human Trials for Two

Experimental HIV Vaccines

The vaccines are mRNA hased, like the biotech company's Covid-19 vaccine

Elizabath Gamille

Auguse 26,2021

Which Vaccines?

VRCO1-class
I /l broadly-
7= 7= g

Ab
------ 9@
» \
¥ o e0D-GT8/ Initiation Shaping/Polishing
- &
= e Rational HIV Immunogen () Scripps Research

Design to Target Speciic

‘f" o Garmline B Cell Receptors .
78 Jardine, ilzuol:’l;. Schief et al. @a Vl

Which HIV Vaccines?

* e0D-GT8 Each protein requires 1-2 years of ing process
development before phase 1 testing

Changing to mRNA for each vaccine component shortens

this timeline to a few months

L E SOSIP Trimer
b
' () Scripps Research
SOSIP Trimer a
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In Addition to Moderna and
Pfizer/BioNTech:

« Other companies and non-profits are developing mRNA technology
and/or lipid delivery for mRNA vaccines
* Greenlight Biosciences
* Akagera
* Afrigens
* Government and Academic Centers are developing the technology
for their own vaccine efforts
* Duke Vaccine Institute
« Vaccine Research Center/NIAID

Government, Academia, and Industry are
Collaborating to Use mRNA Technology on the
Other Vaccine Targets

Subunit interface

Fusion peptide
L & -

Membrane
Proximal External
eglon

But funding is still expected to come from government and
other sources — not direct investment by Pharma

What can mRNA Technology do
for HIV Vaccine Development?

« Shorten timelines from production to clinical testing of vaccine
concepts

* Eliminate time consuming and costly steps associated with protein
vaccine manufacturing

* Decrease cost of production

This will shorten the overall “design cycle time” which is the time
from a vaccine concept to clinical testing of an actual product
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What can’t mRNA Technology do
for HIV Vaccine Development?

* Induce some sort of magical sterilizing immunity
* SARS-CoV-2 mRNA vaccines protect against symptomatic and severe infections
* They do not provide sterilizing immunity
* Progressive waves of infections within vaccinated populations clearly
demonstrate that the current mRNA vaccines do not provide robust protection
against infection — something that will be needed for an HIV vaccine

[Covid-19 cases per 100,000 people

Answers

* Why the difference between HIV and COVID vaccine development?
* HIV and SARS-CoV-2 are inherently different viruses with vastly different
susceptibility to pre-existing or vaccine-induced immunity
* Vaccines against SARS-CoV-2 protect against symptomatic disease and severe
infection, but don’t provide sterilizing immunity
* Vaccines against HIV will almost certainly have to provide sterilizing immunity
« Is the rapid development of COVID ines all related to mRNA
technology?
* No, but mRNA helped because mRNA is inherently faster to develop, test, and
deploy than protein vaccines
* Will mRNA vaccines revolutionize the HIV vaccine field?
* Maybe not revolutionize, but they will certainly help speed the process
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Q and A Session
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