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What are Virus-like Particles?

VLPs are composed of viral coat proteins that, when
over expressed, spontaneously self-assemble into
particles that are morphologically similar to
infectious virus.

However, they do not contain viral nucleic acid and
are, therefore, non-infectious.

Commercial VLP-based vaccines:

¢ Hepatitis B Vaccine (HBV)
FDA approved - 1986.

¢ Human Papillomavirus (HPV)
FDA approved - 2006.

HBsAg Particles Are S Proteins
Floating in a Yeast Lipid Membrane

MaAleeer et al. Nature 1984; 307: 178-80

HPV VLPs Are Non-Enveloped Icosohedrons
Composed of the L1 Major Capsid Protein

Gardasil (Merck)

HPV11

Cervarix (GlaxoSmithKline)

20-40 micrograms each VLP
Three injections over 6 months

VLPs Are Consistently Inmunogenic In Humans

Percent of Women Serocoverting to Individual HPV
VLPs in Merck Quadravalent VLP Vaccine Gardasil*

HPV6 99.8%
HPV11 99.8%
HPV16 99.8%
HPV18 99.5%

*4666 women vaccined 3 times by intramuscular injection

HPV VLP Induced Antibody Responses
Are Durable in Humans

HPV16 VLP ELISA
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HPV-007 Study Group
Lancet 374:301-14, 2009

Antibody levels stable in years 2 to 6 post vaccination
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VLPs are Effective At Preventing Disease

Merck Quadravalent VLP Vaccine Gardasil

Vaccine Placebo Efficacy
Number Cases* Number Cases*

CIN2/3# 8487 0 8460 53 100%
Genital 7897 1 7899 91 98.9%
Warts

*Analysis limited to cases by the types targeted by the vaccine
#CIN2/3 = moderate and high grade precancer cervical lesions

Why are VLPs So Immunogenic?

» Because they are particulate

» Because they display surface epitopes
in a dense repetitive array

Size Range of Pathogens and Particulate Delivery Systems
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Pathogens fungi (yeast) and protozoans
Jennings and Bachmann Curr Mol Med 2007

Particulate Nature

» VLPs have a particle size that greatly
facilitates uptake by dendritic cells and
macrophages.

* Particles 20-200 nm diffuse freely to lymph
nodes, particles 500-2000 nm don’t

* Hence, VLPs are targeted in vivo to
relevant APC for optimal induction of
immune responses.

Highly Repetitive Antigen Display

The Bachmann-Zinkernagel Hypothesis

B cells specifically recognize particulate antigens with
epitope spacing of 50-100A as foreign.

This epitope spacing is commonly found on microbial surfaces, e.g.
viruses or bacterial pili.

Protein complexes with this spacing rarely occur in vertebrate animals.

So BCRs have evolved as antigen specific pattern recognition receptors.

Bachman et al. Science 1993; 262: 1448

Virus-Like Display Preferentially Augments
Antibody Responses To Self Antigens
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Breaking of B Cell Tolerance to Self Antigens
By Virus-Like Display

Vaccinated w/ _ Adjuvant Ratio SA/TNF-g
<10
SA-TNF-a. None 1< N/A
-
1

SA-TNF-a Freund’s i 133
VLP:SA-TNF-a  None * 6

14

VLP:SA-TNF-a  Freund’s

10 100 1000 10000 100000
IgG Antibody Titer
Mice (3-8 per group) were given a total of 3 doses of 15 g SA-TNF-c conjugated to 5 yig VLPs biweekly.
Chackerian et al. 2001; J Clin Invest 108:415

The Density of Self-antigen on VLP Surfaces Effects Autoantibody Responses
Mg per injection
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Chackerian et al, 2002; J Immunol 169:6120

Fate of Auto-Reactive B Cells
After Encountering Conjugated VLPs

Monomeric BCR/ Self Ag Complexes Oligomerization of BCR/Ag
Signaling Complexes

L

Weak Signals Strong|Signals
Peripheral Tolerance Proliferation/Survival

Naked Icosahedral Virions Vary in Size, But the
Distance Between Subunits Stays the Same

Naked Icosahedral Virions Vary in Size, But the
Distance Between Subunits Stays the Same

Baker et al. Microbiol Mol Biol Rev 1999; 63:862

Naked Icosahedral Virions Vary in Size, But the
Distance Between Subunits Stays the Same

Plant VLPs
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Naked Icosahedral Virions Vary in Size, But the
Distance Between Subunits Stays the Same

Criteria For Choosing a Virus-Like
Display Platform

* Immunogenicity Potential
« Antigen Display Potential
* Production Potential

* Intellectual Property Issues

Naked Icosahedral Virions Vary in Size, But the
Distance Between Subunits Stays the Same

Veast VLPs

Immunogenicity Issues
Particulate: uptake by APCs for CMI - Common Feature
High density display: BCR activation - Common Feature

Rigid Conformation vs Freely Diffusible in Membrane?
Naked Icosohedral VLPs vs HBs Ag particles/liposomes

Usefulness of Exogenous Adjuvant?
Encapsidatation of Nucleic Acid as TLR agonist?

Are preexisting Abs to the platform an issue?

Approaches For Virus-Like Display

Genetic [

Fusion / Overexpression HBcAg
Parvovirus
Target sequence
Chemical Target Peptide
Conjugation —
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rept. Binding—, VLPs
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[
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Antigen Display Potential

 Conjugation to Preformed VLPs:
Flexible with regard to antigen
More complex manufacturing

» Genetic fusion w/ major capsid protein
Limited to short peptides
Inserts are often incompatible with assembly
Less complex manufacturing
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