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Types of vaccines

Vaccine type

Inactivated vaccines
Live-attenuated vaccines
Messenger RNA (mRNA) vaccines

Subunit, recombinant, polysaccharide, and
conjugate vaccines

Toxoid vaccines
Viral vector vaccines



Types of vaccines

Vaccine type Nanoparticulate form

Inactivated vaccines Virus nanoparticle
Live-attenuated vaccines Virus nanoparticle
Messenger RNA (mRNA) vaccines Lipid nanoparticle
Subunit, recombinant, polysaccharide, and Virus-like particle
conjugate vaccines Alum adjuvanted
Toxoid vaccines Alum adjuvanted

Viral vector vaccines Virus nanoparticle



Skin vaccination has advantages

Stratum corneum
Delivery barrier

Viable epidermis
Langerhans cells

Dermis

Dermal dendritic cells
Lymphatic drainage




Intradermal injection is hard to administer




Microneedle patches are simple to administer

Stratum corneum
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Microneedle patch for vaccination




Microneedle patch for vaccination




Microneedle patch for vaccination




Microneedle patch meets public health needs

Patient administration

= Minimally-trained personnel

= No applicator, no reconstitution

= Painless delivery, no fear of needle

Manufacturing
Low-cost, scalable fabrication

Transportation and storage
= Small package size
= Improved thermostability

Waste disposal

= No sharps waste

= Impossible reuse

= Reduced disposal volume




Develop microneedle patches for nanoparticulate vaccines

Human papillomavirus
(HPV) vaccine

Virus-like particle
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MNP for bivalent HPV vaccination: thermostability

MNP

Liquid Control
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MNP for bivalent HPV vaccination: immunogenicity

HPV16 HPV18
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MNP for bivalent HPV vaccination: immunogenicity

Neutralization
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Develop microneedle patches for nanoparticulate vaccines

Human papillomavirus COVID-19 mRNA-LNP Measles and rubella
(HPV) vaccine vaccine vaccine
Virus-like particle Lipid nanoparticle Live attenuated virus
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MNP for SARS-CoV-2 vaccination: fabrication process

mRNA-LNPs + Polymer +  Stabilizer

MN Cast Solution

Microneedle volume is small

Fabrication involving casting and drying
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MNP for SARS-CoV-2 vaccination: study design

Concentration
pH
Polymers

MRNA-LNP Size
Encapsulation Efficiency
In Vitro Expression
In Vivo Expression
Thermostability

Sugars
Backing
Drying Conditions




MNP for SARS-CoV-2 vaccination: concentrate mRNA-LNPs

Concentrate post-fabrication
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MNP for SARS-CoV-2 vaccination: MNP backing material
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MNP for SARS-CoV-2 vaccination: mRNA-LNP thermostability
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Develop microneedle patches for nanoparticulate vaccines

Human papillomavirus
(HPV) vaccine

Virus-like particle
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Phase 1/2 clinical trial of measles/rubella vaccination by MNP
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Clinical trial design

Phase 1/2 MRV-MNP or f Placebo-SC or
. Placebo-MNP MRV-SC

Randomized

Active-controlled

Double-blind

Double-dummy

Age de-escalation
e 18-40 years old (45 subjects)
 15-18 months old (120 subjects)
* 9-10 months old (120 subjects)

Local and systemic AEs (14 days)
Safety labs (day 7)
Unsolicited AEs (180 days)
Serum neutralizing antibodies (42 and 180 days)
Lancet 2024; 403: 1879-92



Measles/rubella vaccination by MNP was well-tolerated

Erythema

Infants
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Measles/rubella vaccination by MNP was immunogenic

Serum neutralizing antibody protection levels and mean antibody titers

B Infants
Measles
100 - —-
. T = 1000

90 - J_ J_ J_ —900
£ 804 800
c Y
:% = 704 @ —700
£ 60- | — L 600
= & 504 ? = - 500
c v
S o 40+ —400
S & 30- / 300
S 3 ;
£ 20 200

10 —100

0 , : 0
Baseline Day 42 Day 180
Timepoint
[ MRV-MNP and placebo-SC  —— Baseline  ---- Day 42
[ Placebo-MNP and MRV-SC ~ —— Baseline  ---- Day 42

(1D %56)
uop,euuaauoa ueawl D!JJ,BLUOQD

Proportion of participants
seroprotected (95% Cl)

100 —
90 -
80 -
70
60 -
50
40 -
30
20 -
10 -

Baseline

Rubella
~180 g
~-160 3
D
T —140 =
(@)
A -120 & 3
U1l @
-100 X §
O A
- 80 ~= %
— 60 g
Lo 8
20 S
T 0
Day 42 Day 180
Timepoint

Lancet 2024; 403: 1879-92



Develop microneedle patches for nanoparticulate vaccines

Human papillomavirus
(HPV) vaccine

Virus-like particle
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Questions?
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