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How were adjuvants discovered ?

1926

Anti-toxin serum

Gaston Ranon, French veterinarian
and biologist

Plasma

Production of anti-toxin against tetanus and diphtheria https://pmc.ncbi.nlm.nih.gov/articles/PMC10819242/



Discovery of adjuvants

Observation: Ramon observed abscess formation at the site of antigen injection and a higher yield of anti-toxin in horses with a
strong local inflammatory reaction.

Inflammation at the injection site ‘ Increase anti-toxin production

“A specifically inert substance which, when injected in association with the specific vaccine antigen, increases to a greater or
lesser extent the immunity that the latter is capable of developing” (1926)

Ramon tested different substances: pus, germs from abscess, calcium chloride, gelatin, agar, glycerin etc

They adsorbed the antigen
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Gaston Ranon, French
veterinarian and bidlogist

https://pmc.ncbi.nlm.nih.gov/articles/PMC10819242/



Discovery of adjuvanticity of Aluminum salts

1926: In order to concentrate diphtheria toxoids (attenuated toxins) to produce a vaccine, Glenny and his colleagues added
potassium aluminum sulfate (alum) to the production. They observed precipitates of antigen and higher antibody responses in

guinea pigs immunized with this formulation compared to animals immunized with soluble toxoids alone.

1930’s and 1940’s: several studies reported that aluminum hydroxide and aluminum phosphate were able to absorb diphtheria
antigen from an aqueous solution and due to their better manufacturing reproducibly, aluminum hydroxide commercialized as

alhydrogel, and aluminum phosphate replaced alum for commercial vaccines.

‘ This matenial stood as the
Imject’ 5‘[921”“;%, ) .
- s mm) | oy approved adjuvant in
| vaccines far 70 years

Aexander Glenny, British Inmunolagist um Jans



What is an adjuvant ?

“The immunologist’s dirty little secret”

Charles Janeway ‘Approaching the asymptote? Evolution and revolution in immunology’, Cold Spring Harb
Symp Quant Biol, 54, 1989

“An adjuvant is any substance (or a mixture of substances) that
enhances the immune response to an antigen with which it is mixed”

Janeway, Immunobiology, 7th Edition, 2008



Immunogenicity

Why do we need Adjuvants ?

Native
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Tolerability
— lllustrative figure based on concepts from Garcon et al. 2011



Why do we need Adjuvants ?
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Why Do We Need Adjuvants?

Subunit vaccines
Miral vector

vaccines Less inmrunogenic with

Toxoid Vaccines ‘ Antigen alone
' Hgh tolerahility




Key components of Vaccines

Vaccine
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Specificity of the inmune response Intended to enhance and modulate the inmune response to
vaccine antigen




What are Adjuvant Systems?

Adjuvants
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Timeline - Adjuvants

Frend adlovait MF59 (oil-in-water ~ AS03 (oil-in-water CPG ODN 1018 was  Lipid nanoparticle

(water-in-oil emulsion) emulsion) was first  emulsion) was first  first licensed in (LNP) was first
g [oventad licensed in human licensed in human human vaccine licensed in human
vaccine (Influenza)  vaccine (Influenza) (HBV) vaccine (COVID-19)
Freund's MF-59 AS03 CPG

adjuvant ODN 1018
O O R,
1997 2009 2017 s
1926 1956 2005 2017

Notes:

Adjuvants marked in
red are those that
have been licensed

The adjuvant The adjuvant effects AS04 (composed of ASO1 was first | in human vaccines
effects of alum of bacterial detoxified LPS and alum) licensed in human
were first lipopolysaccharides  was first licensed in human vaccine (Zoster)
discovered (LPS) were reported vaccines (HBV and HPV)

Source: Vaccine adjuvants mechanisims and platforms, Tingmei Zhao et al, Sgnal Transduction and Targeted Therapy, Nature, 2023,
https://da.org/10.1038/s41392-023-01557-7



https://doi.org/10.1038/s41392-023-01557-7

Licenced adjuvants for human use

Adjuvant

Alum

AS04

MF59

AS03

AS01

Matrix-ia

LNPs

Alhydroxiguim-
Il

CpG-ODN
1018

Classification

aluminum-salt-based

combination

oil-in-water emulsion

oil-in-water emulsion

combination

nanoparticle

nanoparticulate
delivery system

combination

TLR agonist

Components

=1 of the following:-amorphous aluminum hydroxyphosphate
sulfate=aluminum hydroxide-aluminum phosphate-potassium aluminum
sulfate

«alum-monophosphoryl lipid A (MPL/MPLA)  Derived LPS

Detergents
+squalene oil-Spand5-polysorbate 80

Animal source (Squalus acanthias)

ssqualene oil-a-tocopherol-polysorbate 80
Derived Vit E

+liposomes-MPL-QS-21 saponin
Purified plant extract (Quillaja saponaria)

-saponins-cholesterol-phospholipids

-ionizable cationic lipid cholesterol-PEGylated
lipid-distearoylphosphatidylcholine (DSPC)

-alum-imidazoquinolin gallamide

22-mer oligonucleotide sequence

Proposed mode of action

-alarmin/DAMP release-inflammasome
activation

-as above for alum-TLR4 signaling

«cell recruitment-ER/mitochondrial
stress-DAMP release-lymph node
draining

-as above for MF59«IFN-I signaling

early IFN-I/IL-12/IL-18-TLR4
signaling-improved uptake-lysosomal
disruption

«lymph node trafficking-IFN-I signaling

«lymph node trafficking-enhanced
uptake-cell recruitment-MDAS/NFN-I/IL-&6

-as above for alum-TLR7/8 signaling

TLR9 signaling

Component of (licensed vaccines)

+BioThrax=Twinrix-DaptacelInfanrix-Quadracel/
Pentacel-Gardasil-Ixiaro-Prevnar-TicovVac-and others

«Cervarix-Fendrix

«Fluad-Focetria/Celtura

«Arepanrix-Pandemrix-Prepandrix

Shingrix

«Nuvaxovid/Covovax-hMosquirix

«Comirnaty-Spikevax

Covaxin

Heplisav-B



How does the adjuvanticity principle work ? Immunomodulators

Mcrabial structures contairn:
» Antigens
» Defence triggers eg PAMPs act as intrinsic inmrune-triggers

Immunomodulators
\

* *
Ant
Defence triggers ntigens

)
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Pathogen
( H M . o
Alert immune svstem Stimulate/direct Specific
! immune response immune response
.

PAMPs = pathogen-associated molecular patterns
Dougan G & Hormaeche C. Vaccine 2006;24S2:S2/13-9; O’'Hagan DT & Valiente NM. Nat Rev Drug Discov 2003;2:727-35; Gargon N et al. Chapter 4 in: Gargon et al. Understanding Modern Vaccines,
Perspectives in Vaccinology, Vol 1, Amsterdam, Elsevier, 2011



How does the adjuvanticity principle work ?

Immunostimulants D
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https://doi.org/10.1038/s41392-023-01557-7

Which are signaling pathways triggered by adjuvants ?

AS01(MPLA) Aluminum adjuvant  pEs59

AS04(Alumi
CPG ODN 1018 AS04(MPLA) ASO(1 (3';‘_'2;';“) AS03 AS01(QS-21)

l % Intracellular lipid|
body formation

~?

Pro -caspase- 1

Endosomal
l escape

Pro- IL1B IL1B
Pro s — > IL18
v

Type | Interferon Pro-inflammatory cytokines (IL-12) Th 2-dominant Cross presentation
Th1 cells Th 1 cells CTL

CTL

)

Source: Vaccine adjuvants mechanisims and platforms, Tingmel Zhao et al, Signal Transduction and Targeted Therapy, Nature, 2023,
https;//doi.org/10.1038/£41392-023-01557-7
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Mechanisms of action of Alum salts
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Adjuvant research: other immunomodulatory components to

activate other signaling pathways

Imiquimod
a.Target TLRs NII-IELSA (R837)
CPG1018 Resiquimod  Poly(l:C)
Pam3cyssk4-k5 Flagellin GLA SE CpG7909 (R848) Poly(ICLC)
f \‘T IC 31 3M-052 dsRNA
J v v .
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(@® +— o)

Type | Interferons
cytokmﬁ? IL12, IL1 B) (IFNa IFNB)

cytokmes (IL- 10)

Th2 biased iase Th1/Cross Presentation/CTL

Toll-like receptors

b.Target cGAS-STING

Type | Interferons
(IFNa IFNB)
Cross Presentation/

cTL,

0®

°

Nucleotides

cGAMP
c-di-GMP
c-di-AMP

DMXAA

CF501
dsDNA

mtDNA

cGAMP lo

v 4
Pro-inflammatory
cytokines
Lo Ry
—+— @D —
DA AP]I

CGAS-STING

c.Target CLRs
L]

Dectin-1

| Dectin-2| MINCLE l DC-SIGN
i |
ITAM
Fory ] Fery CD206 DEC205
y l ® l P l .
(sk® (syk) (syk) (Raf-1)  Endocytosis
> ‘ 3 : S and antigen
l l l l presentation

Pro- lnﬂamn&atory cytokines
(IL-6 TNF-a IL23, 1L12, IL1B)
Th1/2/17 cell activation

C-type lectin receptors

Caspasel

Cleavage

IL18, IL1B,IL33,

silica
Aluminum adjuvant

-

NLRP3
|nflammasome

a?

Th2-dominant ~ _

<«—Pfo- IL1 1
Pro- IL. 354_ \FR3 | IFR7 11/Cross ?resentatlon/
MPOD OO DDV DN \ . 'f'J- ;

d.Target other PRRs

Poly(I:C)
Poly(ICLC)
dsRNA

L

3

ATP MDP

]
>

NOD1 NOD2
? !
HCORNCD

> | > |
&0 e

l /{ e | Interferons
(IFNa IFNB)

Caspasel

.

Pro:lk18™

Other Pathogen
recognition receptors



Roles of novel adjuvants

Increase the - Alter functionality
magnitude of the IR ; of the IR

Increase humoral and/or cellular:  Direct humoral and/or cellular
responses against antigens responses against antigens
All adjuvanted All adjuvanted

vacines ' vacines

Broadened IR Antigen sparing

Provide cross-protection
AS04-(HPV), O/w emulsions
(influenza), Matrix M (influenza )

Increase golbal supply
O/w emulsions (influenza)

Potential Benefits ciipudini
Matrix M (influenza & SARS-CoV-2)

of Adjuvants in

Overcome immunesenescence Vaccines Dose Sparing
in elderly Representative examples Reduce number of
MF59 (Seasonal influenza) in blue immunizations
AS01 (HZV) ’ AS04 (HPV)
" Prolong vaccine - Expand vaccine\“\
protection targets
All adjuvanted i Vaccinate against
vaccines ; non-infectious
diseases

Current Opinion in Immunology

Turley and Lavelle, 2022, Current Opinion in Immunology



Immune response

Roles of novel adjuvants

====-=== Adjuvanted
formulation

Time

Modified fromPulendran B& Ahmed R Gall 2006; 124:849-863.



Remaining questions linked to adjuvants

Mechanisms of action - trafficking

1. How does the adjuvant

Source

2. If the adjuvant is not a purified PAMP,

Site of administration

3. What PRR(s), cell(s) and

traffic to the draining lymph what is the tissue and cellular source of tissue(s) does the PAMP or
node upon injection? the adjuvant-induced DAMP? adjuvant induced-DAMP engage?
. Penpheral Muscle cell Penphera' E CLRs TLRs
v - ‘
-
2 o \\_j Mé Epithelial !
Peripheral < & ,‘ ; Neutrophil cell
: &’-i- ‘ﬁw ‘f"' 77 -
OV Passive Vo J\ S RLRs
QD transport © Active
transport

Stromal

cell

. DNA sensors

" PRRs




Remaining questions linked to Adjuvants

Activated signaling
pathway

4. What T cell response(s) do the
adjuvant induced PRR-dependent

cytokines promote?
' . DC
LN N
!!! ,,1’7, i
% Uy 258
\V:_\%. Tnaive /7y j
\\Q"V{' . %"
/ F\%
Th 3 7 Th17
>
Th2 Tth

Kinetics

5. What are the kinetics of the
adjuvant-induced innate response and how
do they impact the adaptive response?

Duration or strength of
adjuvant signalling

Magnitude or durability of
adaptive response

Increased Dose

Dose

6. Does increased antigen dose or
retention alter adjuvant-induced
adaptive response?

————————————

Prolonged retention

> 8a " — Time\
oo .00‘ Ag .'..“ '.(
f.o o '.; ¥ ‘...
LLPC
> |
or >

=
m
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Remaining questions linked to Adjuvants

Targeting specificimmune cells Species-dependant Population-dependant
7. Can the PAMP or adjuvant-induced 8. Does the adjuvant function 9. Does the adjuvant function similarly
DAMP engage B cells directly to similarly across species across diverse human populations

promote high avidity Abs?

Naive - ‘
PRR
DAMP GC
. formation

LN

LLPC




Lymph node trafficking potential of adjuvants

Germinal centre

Site of injection

‘AS03]  MF59

> 2
> » “Coee®
A [} o

e 0
Eeporetes "% ccRr7* cp103t

%% vjﬁg migratory DC

Lymph node trafficking potential

MF59

Afferent

lymphatics
(entry)

B cell follicle

Efferent
lymphatics
(exit)

Plasma
cell

Circulation

Lavelle, McEntee et al 2024, Cell



Durable Humoral
Immunity

Long Lived
Plasma Cells

.

Memory B-cells
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How is an Adjuvant selected?

Understand
Host-pathogen
interaction

Sability over time?

Antigen selection and

production

Optimised Conrpatibility with Safety and
inmunological todls 5 ntigen? reactogenicit Y7

Meutral Microspheres Mineral salts, Cationic ISCOMs WSO oW PRR /TLR agonists Saponins
liposomes alum liposomes emulsions emulsions

O. 00O 0 °
OO OOO O -. Q0 OO
oY O =" e @
oo Q0 o
o
T2 Tl Tyl Ty T2 T TJorT /T2
< >
Depot /carrier Immunostimulation and carrier Immunestimulation

Fgure reproduced fromBQy, Nature Reviews Mcrabialagy 5 505-517 (Uuly 2007
Strugrell et al, chapter 3 pn 61-88 Gargon Net al, chapter 4 pp. 89-113 in Uhderstanding Mbdern Vacaines Rerspectivesin Vacaindlagy, VA | Arsterdam Hsevier; 2011



Current evaluation in systemic adjuvanted vaccine in mouse model

MERS clamp with or without adjuvants in mouse model — intramuscular route (Prime-boost) ELISA -serum
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O’Donnell et al 2022, Front in Immunol
(i) aluminium hydroxide, (ii) SWE, a squalene-in-water emulsion, (iii) SQ, a squalene-in-water emulsion containing QS21 saponin, (iv) SMQ, a squalene-in-water emulsion containing Q521 and a

synthetic toll-like receptor 4 (TLR4) agonist 3D-6-acyl Phosphorylated HexaAcyl Disaccharide (3D6AP); (v) LQ, neutral liposomes containing cholesterol, 1.2-dioleoyl-sn-glycero-3-phosphocholine
(DOPC) and QS21, (vi) or LMQ, neutral liposomes containing cholesterol, DOPC, QS21, and 3D6AP



ELISA
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Intracellular cytokine staining (flow cytometry)

CD4

Splenocytes cultured

+/- pooled MERS antigen ~ Flow cytometry for

SSCA, ., 4

peptides IFNy and IL-2 analysis
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Current evaluation of mucosal adjuvanted vaccine in mouse model o /o

Oral vaccination with whole-cell killed helicobacter pylori with or without
iINKT cell activator alpha-Galactosylceramide in mice

Challenge
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IgA responses in faeces and intestinal tissues — ELISA

(a) (b)
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Current evaluation of adjuvant in human PMBC model

Restimulation of human PBMCs with ASO1 for 18h or LPS/Influenza vaccine as positive control

Intracellular cytokine staining Flow cytometry
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Transcriptomics in human monocytes
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Gap between preclinical models and clinical trials

Novel complex human models. E.g. human tonsil-based model to test nasal adjuvants
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Reactogenicity

ADJUVANT

[ Innate response ]

N\
Reactogenicty |

[Adaptive response] ?




Reactogenicity

Adjuvanted recombinant herpes zoster vaccine (RZV: Shingrix, GSK)
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Reactogenicity cannot be used to evaluate vaccine-induced
adaptive immune responses

“The impact on the immune response is so small, and the immune response in individuals without pain already sufficient, that
pain cannot be a surrogate marker for an appropriate immune response.”
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Future of adjuvant research

Adjuvant databases:

® Text Mining & Manual ” J
Pu bmed Over 40,000 papers Verification Q| catesas

ADJUVARE
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Search  Browse <€ "B . Function application e—— _w_ .
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Ren et al 2024, Clin Transl Med



Future of adjuvant research

25 core adjuvants
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Mouse e
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e.g. Colchicine e.g. FK565

Natsume-Kitatani et al 2025, Cell Chem Biol



Future of adjuvant research

Adjuvant database -> ML/Al => determine which adjuvant is the best candidate for a particular purpose

Good or bad; Rationales for innovating novel

Agonistic and/or antagonistic adjuvants
INNATE IMMUNITY €<——>ADAPTIVE IMMUNITY

Chronic inflammation

Tissue damage
s j.‘ Autoimmunity
3

Activation of il - 4

Antagonistic adjuvant

BAD M¢, end’o theilal celis Endogénous or exogenods
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' 2 |~
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°g tthe, $Th2 i Vaccine [
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Vaccine Adjuvants
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What Are Adjuvants?

Rationale Behind Adjuvant Use
Adjuvant Discovery

Some Commonly Used Adjuvants

Mechanism of Action






Gaston Ranon, French veterinarian

and bidlogist
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Why Do W& Need Adjuvants?
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Immunogenicity

Why Do Ve Need Adjuvants ?
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— Adjuvants act as substitutes for
natural iInTrune-defence

trnggers




0

Sronger inmune Inmune

- Faster inmrune response

- Hevated inmune response

- Broader, cross-protective
Inmunity against genotypes or
dnft vanants different from
vaccine antigen(s)

- Longer lasting inmune
response, fewer boosters
needed

Advantages OF Adjuvants

)

Antigen sparing
(use of sraller
anmounts of the
antigen)
particularly
relevant for
pandemc events

)

Enhanced and
effective inmune
responses in specific
low-responding
populations, such as
the elderly or
Inmunoconpromised
patients

Acceptable
safety
profile



But How do Adjuvants Works?

Approaching the Asymmtoter Revolution and Bvolution in Inmunology

Charles Janeway, inmrunologist

Toward a Modern Synthesis of Immunity: Charles A. Janeway |r. and the
Immunologist’s Dirty Little Secret

Peter M. Gayed

» Author information » Copyright and License information PMC Disclaimer
Abstract Goto: »

This essay chronicles the major theoretical and experimental contributions made by Charles A.
Janeway, Jr. (1943-2003), Howard Hughes Medical Institute investigator and Yale Professor of
Immunobiology, who established the fundamental role of the innate immune system in the
induction of the adaptive arm.

Immunobiologie
de Janeway




The costimulatory
signal required for
lynphocyte
activation was
Inducible

-

Janeway's Pattern Recognition’ Theory

The costimulatory Thus, the activation of
signal was suggested adaptive inmunity is
tobeinducbleby P under the cortral of
conserved microbial pathogen-sensing
products mechanisms

This also explains
the adjuvant
properties of
certain mcrobial
stimuli
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1940s 1997 2009

1926 1956 2005

e e
@ *»
Alum AS04
The adjuvant The adjuvant effects AS04 (composed of
effects of alum of bacterial detoxified LPS and alum)
were first lipopolysaccharides  was first licensed in human

discovered (LPS) were reported vaccines (HBV and HPV)



Adjuvant: AumSalts

Foms Auminiumhydroxide
Aumniumphosphate
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. - COVID-19 (subunit)*
Vaccine Adjuvants 1l

Non-antigen component of vaccines
that enhances immunogenicity

*Vaccine candidate or adjuvant in clinical trial

Alumnium
Salts Are
The Most

Widely Used

Adjuvants
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Adjuvants:

Matrix-M™ *

Advax™ *

CpG 1018

ASO01B

Thermo-reversible
oil-in-water emulsion

ISA 51

ASO03

RC-529

AS04

MF59

Virosome

Aluminium salts



Adjuvant; M5 o/wemulsion

Surfactants Polysorbate 80 and Span 85 allowthe
production of small, stable emulsion droplets that can be
sterilefiltered

Shown to invoke inflanmatory responses:

acts on macrophages (site of injection)

1 chenokine release

1 inmrune cells recruitrent (mainly nmonocytes)

induces recruitment and activation of APCswith 1
antigen load and promotes migration to the lynph node

Optimized Gl in Water Emulsion Approved for usein: licensed influenza vaccine in Europe
Formulation since 1997 and has now been adrrinistered to more than

100 million people in nore than 30 countries

O’Hagan et al. Expert Rev Vaccines 2013;12(1):13-30; Seubert et al. J Immunol 2008;180:5402-5412; Garcon et al. Chapter 4 in: Garcon et al. Understanding Modern Vaccines, Perspectives in vaccinology, Vol
1, Amsterdam. Elsevier 2011;p89-113
Image: Emerging concepts in the science of vaccine adjuvants Pulendran et al. Nature Reviews, Drug Discovery, Volume 20, June 2021, https://doi.org/10.1038/s41573-021-00163-y



GSKPropriety Adjuvants

4 Type of A (Irmmo-enhancers A
formulations .
MPL
Aumniumsalts \
Ol/mater emulsions &2
| \itanin E (Tocopheral)
\_ VAN _J

ASDL?

— M

o

HBV =hepatitis Bvirus, H?V=human papilloma virus, MPL=3-0-desacyl -4 -mmonaphosphoryt lipid A4 GS=Quillaja saponaria; TB=tuberculosis, HV = human inmunodeficiency virus
1. Gargon Net al. Bxpert Rev Vaccines 2007:6:723-39; 2 Gargon Net al. Expert Rev Vaccines 201110:471-86;
3. Gargon Net al. Expert Rev Vaccines 201211:349-66; 4. Lal Het al. HimVaccin Inmunather 2013,9:1425-9
*HNv/AS03 license expired (August 2015); HoN/ASD3 licensed in Eurape, US and international countries;
** | icensed only in Burape in >15 years of age, ™* Licensed in Brope, Japan, US and international countries

HBV (in (pre)-
haemodialysis)™
HPV/**

Pandemic influenza*
Panderric OOMD-19

Malaria
TB HV, Zoster



Adjuvant: ASJ3
GSK Propriety Adjuvants

ASJ3 is licensed in combination with pandemicinfluenza
vacane.

AS]3 enhances the magnitude and breadth of antibody
responses and CD4+T cell responses, leading to enhanced
pratection against flu conpared with non-adjuvanted
vaccines

In humans, within 24h of vaccination with AS03-
adjuvanted FbN avian influenza vaccine—> increased
sarumlevels of IL-6 and IP10 (also known as CXCL10) as
well as transcriptional signatures of interferon signaling
and antigen processing and presentation in DCs,
nmonocytes and neutrophils

a-tocopherol

Squalene

s
B Rndnhon,
b

Tween 80

A3 is a squalene ail-in-water eulsion adjuvant that
is amilar to M9, but also contains a-tocopheral
(vitarmin E) as an additional inmune-enhancing

conponent.

Image and Information: Emerging concepts in the science of vaccine adjuvants Pulendran et al. Nature Reviews, Drug Discovery, Volume 20, June 2021, https;//doi.org/10.1038/s41573-021-00163-y



Adjuvant. A0

GSK Propriety Adjuvants

Saponin Bark from
Qullgja saponaria
,; 5 2 - o~~~ Salmonella minnesota
0 el

Q5-21 is a triterpene glycoside
purified fromthe bark extracts of
the tree Quillaja saponaria Mdlina

LPS

@
e
@
?.'.

3
/
\...,L,...-’ . \IVPL-A

A1 Liposome- TLRA4
ligand MPLand an
saponin fraction, G5-21

Bmerging concepts in the science of vaccine adjuvants Pulendran et al. Nature Reviews, Drug Oscovery, Volume 20, June 2021, hitps;//doi.org/10.1038/s41573-021-00163-y



Adjuvant: A0

GSK Propriety Adjuvants
& ‘e
A1 isincluded in a licensed vaccine against varicella zoster 0\ T /0
(Shingrix), approved for use in older adults (50 years and older), 21 § \
with high efficacy (97.2%) — =
®

) o R
05-21 - Sgnificant concerns about talerability profile when 7, l N\
used alone & MPL-A
In AS01-> MPLand QS-21 - Formulated together in liposomes .
- With Cholestera=> binds GS-21 into the liposome > A1 Liposarre- TLR4
quenchits reactogenicit ligand MPLand an

gty saponin fraction, GS-21

Emerging concepts in the science of vaccine adjuvants Pulendran et al. Nature Reviews, Drug Discovery, Volume 20, June 2021, https://doi.org/10.1038/s41573-021-00163-y



Adjuvant: AS)4
GSK Propriety Adjuvants

AD4 consists of MAL, a detoxified formof Il

lipopolysaccharide (LPS) extracted from Salnonella
minnesata, which is adsorbed on aluminumsalts

Addition of ASD4 to the hepatitis Bvirus (HBV) and the
hurman papillomavirus (H?V) vaccines > Hgher levels
of antibodies in conparison with vaccine adjuvanted
with just alum denronstrating the added value of the
TLR4 agonist MPL-Ain humans

AunmnumSalts

The higher immrunogenicity also trandlated into a high
and long-lasting efficacy of the HPV-16/18 vaccine.

Emerging concepts in the science of vaccine adjuvants Pulendran et al. Nature Reviews, Drug Discovery, Volume 20, June 2021, https://doi.org/10.1038/s41573-021-00163-y




Adjuvant: CPG OON1018 Wil
Dynavax's Propriety adjuvant

Adjuvant in Heplisav-B an inproved HBV
vaccine licensed for use in adults (>18 years).

5 3
'T..‘T.'.TT'T'T'G/‘TET'T'T'T'G'T.‘.’T'T'

Offers a two dose regimen as opposed to typical
3 dase HBV vaccines

-QoG1018, a TLRY agonist, increases antibody concentrations, )
stimulates helper (CD4+) and cytotaxic (CD84) T cell 0 °
populations w 1

N/H

—Generates rabust Tand Bcell menory responses
—Potent TH subset inducer

-pG1018 is currently being evaluatedin clinical trialsas a
patential vaccine adjuvant for COMD-19 vaccines

o}

I
-0

I 5
O0=pP—0CH?

(XX

NH,

Guanine

Developrrent of the QoG Adjuvant 1018: A Case Study John D Canphbell, Methods Mol Ba 10.1007/978-1-4939-6445-1 2



https://pubmed.ncbi.nlm.nih.gov/?term=Campbell+JD&cauthor_id=27718183
https://doi.org/10.1007/978-1-4939-6445-1_2

Adjuvant: Lipid Nenaoparticles

— MO p nucleases
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Matrix-M" adjuvant production process
Trees are pruned and

bark is harvested

Saponins are found in the tree's
bark. Bark is harvested sustainably,
without felling the whole tree.

Vaccine
nanoparticle

Quillaja saponaria
(Soapbark) tree

Final vaccine

Matrix-M adjuvant is mixed with
the vaccine antigen to form the
final vaccine product.

—— Cholesterol

Quillaja saponaria
bark ? /
) T Matrix-M adjuvant formation
Bark is processed 4 : : :
Matrix-A and Matrix-C adjuvant
Bark extract is processed into Fraction-A and — Phospholipid components are mixed to form
Fraction-C, then freeze-dried (lyophilized). Matrix-M adjuvant.

These powders contain “raw" saponin molecules. R

A= BYa ;‘ 2
pl ' = B\
— 8 MatrixC [/A 5—-
adjuvant \ \yl f)
“ — Fraction-C \ *—k ~\
y
S
¥ iqui i 7 e
raction- Liquid formulation prepared AN o
Y Fraction-A and Fraction-C, as liquids, are formulated ,:(H % adjuvant

with phospholipids and cholesterol, producing the

/ distinctive nanostructures of Matrix-A and Matrix-C

adjuvants, respectively.
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