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Sublingual Route, Poly(l:C) Adjuvant
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Sublingual Route

Oral and Nasal Cavities
- The first gate to contact with corona and/or
influenza viruses.
- mucosal immune system to response against
these viruses.

SaSNJIA UI0g-IIY

Sublinqgual Route for Vaccination
- Vaccination via the intranasal route causes
adverse effects on brain, as shows later.
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Structure of Poly(l:C)
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Poly(I:C) Adjuvant

Polyinosinic:polycytidylic acid (Poly(l:C))

Ligand for TLR 3 to activate host immune responses.

Still remains unapproved as adjuvant due to its
adverse effects.

Adverse effects were previously studied in mice and
need further examinations in nonhuman primates.

AddaSOB (AS03 analoq)
ASO03 analog and using for preclinical studies.
« Qil-in-water nano-emulsion stimulating Th1/Th2 cytokine.
« ASO03 were approved as an adjuvant for intramuscular injected

vaccine of influenza.
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Development of Sublingual Poly(l:C) -adjuvanted
Vaccine in Nonhuman Primates
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Outline of Sublingual Administration of Vaccine in Macaques

Sublingual space

\ 4
Pretreatment with N-acetylcysteine (NAC)

to dissociate mucin barrier

\/
Wash with PBS

\4

Administration of Poly(l:C)-adjuvanted vaccine

» SARS-CoV-2 Vaccine:
500 pl :150 ug SARS-CoV-2 -RBD antigen and
400 ug Poly(l:C) or 250 ul AddaS03 adjuvant

» Influenza Vaccine:
500 pl : 30 pg Influenza HA antigen and
400 ug Poly(l:C) adjuvant
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Vaccinations, Samplings, and Examinations

1st 2nd 3rd 4th
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Sublingual Vaccine-induced Antigen-specific Antibodies in Saliva, Nasal Washes, and Plasma

Antibody/ Delta OD (-pre)

Vaccination with SARS-CoV-2 RBD
+ Poly(I:C) or AddaS03 Adjuvant
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Vaccination with Influenza HA
+ Poly(I:C) Adjuvant
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Mechanism Underlying Immune Response Mediated by
Sublingual Poly(l:C)-adjuvanted Vaccine
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DNA Microarray for Mechanism Analysis

Peripheral blood white cells

y o
RNA extraction 5
¥ L

DNA microarray
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Selection of target genes
(Immune response-associating genes:
2-fold upregulated, 1/2-fold downregulate )

\

Genome Informatics

\

Mechanism events in an immune response elicited
by sublingual Poly(l:C)-adjuvanted vaccine
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Immune Response-associated Genes:

Poly(l:C)-adjuvanted Vaccines Mediated Their Up- or Down-regulated Expressions,
Resulting in an Enhanced and/or Suppressed Immune Response

Selection of Immune Response—associating Genes Based on DNA Microarray Analyses

< Regulated Gene Expression > Regulated Gene Expression
Enhancing Immune Response Suppressing Immune Response

t Upregulated: lDownreguIated:
CCL7 CCL2 ITGB5. RGS10 fUpregulated: v Downreqgulated:
CXCR4, PFKFBS3, PGLYRP1 INFRSF12A, AQP1, AQPS3,
JUN, KLHL2, RGS1, SLA GP9, GP1BB,
PTX3, FADD, EDN1 WIPI1, EPAST,

ETV6 HSPA1B



Sublingual Poly(l:C)-adjuvanted Vaccine Mediated Enhance or Suppress of Immune Response
through the Up- or Down-regulated Gene Expressions

. Regulated Gene Expression
Regulated Gene Expression )
. Suppressing Immune Response
Enhancing Immune Response

t Upregulated: l Downrequlated: 4 Upregulated: ¥ Downregulated:
CCL7, ccLz, ITGB5, RGS10 TINFRSF12A, AQP1, AQP3,
CXCR4, PFKFB3, PGLYRP1 RGS1, SLA, GP9Y, GP1BB,
JUN, KLHL2, EDN1 WIPI1, EPAST,
PTX3, FADD, HSPA1B
ETVE

L o y L .
Inhibition of

Activation of

Mo migration, B-cell generation,

B-cell function, T-cell activation, T-cell
differentiation, Memory T-cell, Jun gene
expression, M1 polarization,

Cytokine production,

1

Mo migration, B-cell generation,
T-cell activation, T-cell differentiation,
memory T-cell, Jun gene expression,
Inflammatory response,

M1 polarization, Cytokine production

l Based on genome informatics
» Activation of T/B-cells - T-cell exhaustion

- Treg generation
- Tolerance

- Antibody production
Inflammatory response

Enhance Suppress




Summary for

Molecular Mechanism Underlying Immune Response

Mediated by Poly(l.C)-adjuvanted Vaccine

Sublingual Poly (I:C)-adjuvanted Vaccine Elicited a “Yin/Suppress
and Yang/Enhance”-like Balance State in Immune Responses

- Activation of T/B-cells
= Antibody production
= Inflammatory

l

response

SUPPRESS

- T-cell
exhaustion
- Treg generation

 Tolerance
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Safety Assessment of Sublingual Poly(l:C)-adjuvanted
Vaccine, iIn Comparative Studies on Intranasal Vaccine
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Safety Assessment of Sublingual Poly (I:C)-adjuvanted Vaccines (2) :
Anatomical Characteristics of Oral Cavity (Sublingual) and Nasal Cavity (Intranasal)

Olfactory
| Bulb Pons

: y;
NASAL CAVITY b -y i
J { ’ . ‘ | ! v
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TONGUE /
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Olfactory nerve
ESOPHA pathway

GUS
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Safety Assessment of Sublingual Poly(l:C)-adjuvanted Vaccine (3):
Comparisons with the Intranasal Vaccine in Mice and Macaques

Vaccinations and Samplings Collected Tissues
Mice Vaicme*
0 1 Intranasal Vaccination 7 Days
I Sublingual Vaccination ; v" Brain
Sampling Sampling - Olfactory
bulb
* Pons
v" Lung
v' Tongue
v" Lymph node
0 Intranasal Vaccination 7 Days
Sublingual Vaccination ‘
Sampling

* Formulated with Poly(l:C) adjuvant and influenza HA antigen

Marker Genes

v" Proinflammatory
genes:
- Saa3*/SAA2**
- Tnf/TNF
- IL6/IL6
- IL1b/ILIB
- Ccl2/CCL2
- Timp/TIMP
- C2/C2
- Ifid7/AIF1
- Gzmb/GZMB

*Mice, *MAKAQUES
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Safety Assessment of Sublingual Poly(l:C)-adjuvanted Vaccine (4):
Comparisons with the Intranasal Vaccine in Gene Expression of Proinflammatory
Genes in Several Tissues of Macaques and Mice
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Safety Assessment of Sublingual Poly(l:C) -adjuvanted Vaccine (5):
Intranasal Vaccine Resulted in Marked Upregulated Expression of Proinflammatory Genes
In Brain, Olfactory Bulb, in Mice

Highly sensitive response in Mice

Macaques Mice
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Summary for
Safety Assessment of Sublingual Poly(l:C)-adjuvanted Vaccine

v' The intranasal Poly(l:C)-adjuvanted vaccine had adverse effects to the brain,
olfactory bulb, and pons in macaques and mice.

v The effects to the brain (olfactory bulb) differed by species, with mice responding to
the vaccine remarkably severe than macaques.

v" The sublingual Poly(l:C)-adjuvanted vaccine showed no harmful effect to the brain,
in both macaques and mice.

v Therefore, sublingual Poly(l:C)-adjuvanted vaccination appeared to be safe in
nonhuman primates.
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CONCLUSION

» Sublingual vaccine formulated with Poly(l:C) adjuvant and SARS-
CoV-2 RBD or influenza HA antigen was created in nonhuman
primates, Cynomolgus macaques.

» Sublingual Poly(l:C)-adjuvanted vaccination elicited “Yin/Suppress
and Yang/Enhance-like” balance state in immune responses.

» Sublingual Poly(l:C)-adjuvanted vaccination appears to be safe In
primates.
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