HCV Vaccine: Updates and Highlights
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Introduction

>170 million persons are chronically infected with and 3—4 million persons
are newly infected each year.

80% of cases of acute hepatitis C progress to chronic infection.
10-20% of these will develop as liver cirrhosis.

1-5% will develop liver cancer.

Most common indication for liver transplantation, 40-50%

>350 000 people die from hepatitis C-related liver diseases every year.
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« Enveloped
o ey < |lcosahedral Core
% 0:0 I :
% — Glycoproteins: E1 & E2

ructuralProtein e < Positive-sense
e l, § ]

IOANE oo | €1 | E2 b7 NS | NS Nsar | NsaB | nssa | nsss  medll
p— mar'm"::‘w !

Protease Membraneous RNA dependent
Envelope Glycoproteins JRNA Web formation RNA Polymerase
Helicase




Why Do We Need A Vaccine?

» High cost of antivirals and surveillance programs

Prevention

e
|

> Reinfection
~ Largely asymptomatic HCV infections specially in at-risk populations

> Slde effects




Obstacles To The Development Of Hepatitis C Virus Vaccine

) Heavy N-glycosylation of external proteins

Evasion from host Immune system

Lack of suitable animal model




Feasibility and Objectives of Preventive HCV Vaccination
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Hepatitis C Virus Immunology

o CD4+ T-cell-mediated inflammation
o CD8+ T-cell-mediated cytotoxicity

o Neutralizing antibodies

cellular immune

cross-neutralizing antibodies




Candidate HCV Vaccines

«» Synthetic peptides

« Proteins

« Virus-like particles

<+ Live attenuated HCV vaccine

< DNA vaccines

> Polytopic HCV vaccines

< Live recombinant vectors

> Attenuation of Bacterial Vectors

> Recombinant viruses (Ad, MVA, and alphavirus)
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Different delivery methods

Live recombinant vectors are central in the development of new vaccine
strategies.

Limitations:

= Preexisting immunity
= |nefficient antigen delivery

= Safety issues
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Adjuvants used in HCV vaccines

Main Stimulated

Adjuvant Name Vaccine Type Immune Responses Trial Stage
Phase 1 completed
hIL-12 rNS3/core N/A (NCT03119025)
DNA plasmid C57BL/6 mice Phase 1
IFNL3 GLS-6150 (NS3/NS4A, T-cell response completed
NS4B, NS5A) (NCT02027116)
DNA plasmid
IFNL3 GLS-6150 (NS3/NS4A, N/A Phgsé;[}g‘:;ﬁfgd
NS4B, NS5A) (
DNA plasmid Phase 1 ongoing
hIL-12 INO-8000 (NS3/NS4A, N/A
NS4B, NS5A) (NCT02772003)
Ab response C57BL/6] mice
MEF59 rE1E2 pOTSE, Rhesus macaques

CD4* T-cell response

Phase 1 completed
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Prime-boost Strategy

Priming the immune system to a target antigen and then selectively
boosting this immunity by readministration of the antigen.

Heterologous prime—boost

Homologous prime—boost

Synergistic enhancement of immunity

Increased number of antigen-specific T cells

Selective enrichment of high avidity T cells



Prime-boost vaccination strategies
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Source: David L. Woodland. "Jump-starting the immune system: prime—boosting comes of age.” TRENDS in Immunology 25.2 (2004): 98-104.




Prior Hepatitis C Virus Vaccination Studies

Animal Models

virus-like particles
recombinant protein

recombinant protein and peptide
DNA and viral vector

recombinant protein-based strategies

Human Models

glycoproteins
viral vectors



Animal Models: Recombinant protein

Antigen Delivery/ Immunogenicity Challenge Outcome
Adjuvant

GTla E1E2 MF59 or
MF75

GT1b El or Alum

E24HVR-1

GTla E1E2 RIBIs

GT2 E1E2 and
HVR-1 peptides

Complete and
incomplete
Freund's

(n=21)

(n=4)

(n=1)

Anti-E1E2
antibodies

CDA4 T cells;
neutralizing
antibodies in E1
recipien

Anti-E1E2
antibodies, T cells

Anti-E1E2 and HVR-
1 antibodies

Homologous

Heterologous
GT1b

Homologous

Homologous

14 resolved, 2

chronic,5
aviremic

2 resolved, 2
chronic

1 chronic

1 resolved

Protected against
acute and chronic
infection

E1 but not E2
vaccine recipients
protected against
chronic infection.

Delayed infection by
3 weeks but did not
prevent persistence

Protected against
chronic infection




Animal Models: DNA

Antigen Delivery/ Immunogenicity | Challenge Outcome
Adjuvant

GTlaE2 None (n=2) Anti-E2 Homologo 2 resolved Protected

antibodies, T us against
cells chronic
Infection




Animal Models: Viral vector

Antigen Delivery/ Immunogenicity Challenge Outcome
Adjuvant

GT1b Vaccinia  (n =4) T cells Homologous 4 resolved Protected
core, E1, against

E2, p7, chronic
NS2, NS3 Infection




Animal Models: DNA and viral vector

GT1b Core-E1EZ2, DNA/MVA

(n=14) CD4 and CD8 T Homologous 1 resolved, 3 Reduced peak viremia but
NS3 chronic did not protect
against chronic infection.
GT1b NS3-NS5B Ad6/Ad24 + (n=15) CD4 and CD8 T cells Heterologous 4 resolved, 1 Protected against chronic
electroporated GTla chronic infection.
DNA
GT1la NS3, NS5HA, DNA/vaccinia (n=1) CD4 and CD8 T Homologous 1 chronic Early suppression of
NS5B expressing B7.1, cells viremia but late
ICAM-1, LFA-3; resurgence and eventual
CpGs persistence
GT1b Core-E1EZ2, DNA/AdS5; hiL-12 (n =6) Neutralizing Homologous 1 aviremic, 1 Sterilizing immunity
NS3-NS5B expressing antibodies, T cells resolved, 4 associated with high anti-
plasmid chronic E2 neutralizing antibody
response




Animal Models: DNA and recombinant protein

Antigen Delivery/ Adjuvant Immunogenicity Challenge Outcome

GTla NS3- DNAJ/AdS5; hIL- (n = 2) T cells Homologous 1 resolved, Early
NS5B 12 1 chronic  suppression of
expressing viremia
plasmid




Animal Models: Virus-like particles

Antigen Delivery/ Immunogenicity Challenge Outcome
Adjuvant

GTlb Core- ASO1B (n=2) CD4and Homologous 4 resolved Protected
E1E2 CD8 T cells against
chronic

Infection.




Human Models: Recombinant protein

Antigen Delivery/ Adjuvant Immunogenicity Clinical
Trial
GT1lb El Alum (n =20) Anti-E1 antibodies, CD4 T  Phase |
cells
GTla E1E2 MF59 (n =60) Neutralizing antibodies, CD4 Phase |
T cells
GTla core ISCOMATRIX (n =30) CD4 and CDS8 T cells Phase |




Human Models: Viral vector

Antigen Delivery/ Immunogenicity Clinical
Adjuvant Trial
GT1b NS3-NS5B Ad6/ChAd3 (n=41) Heterotypic CD4and CD8 T  Phase |
cells
GT1b NS3-NS5B Chad3/MVA (n=55) Heterotypic CD4 and CD8 T  Phase |
cells
GT1b NS3-NS5B fused to MHC ~ Chad3/MVA (n=17) Heterotypic CD4and CD8 T  Phase |
class ll-associated invariant cells
chain
Gtlb NS3-NS5B Chad3/MVA  (n =548) T cells Phase I/II




Future Directions

The development of a broadly reactive HCV vaccine has significantly in
the last decade with multiple trials in both animal and human models.

Unfortunately, there are still significant In vaccine development as noted
by the fact that all the above studies are still in early phases.

An vaccine will likely need to integrate an antibody response as well
as a robust T-cell response.

A better understanding of the underlying mechanisms of how
short- and long-term protection is necessary.



Future Directions

have not yet reached widespread use or study.

effective vaccines remains a challenge.

IS that it affects marginalized communities only.



Future Directions

One Lancet article noted that in 2019 there were 39 human clinical trials for HIV
vaccines whereas there were only 2 human clinical trials for HCV.

This suggests that more public education on the widespread nature of HCV and its
Implication to public health is also necessary to more quickly allow the science to
progress.

While many obstacles remain, the current research offers a hint on how to approach
building a vaccine for HCV to augment the other available treatment strategies.



Conclusions

The development of an effective HCV vaccine remains a principal objective.

need to adopt new investigational strategies

The emergence of new animal Hepacivirus models

Controlled human infection model with HCV



Thank you for listening:

Any question?




