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Innate and Adaptive Immune Systems

The innate immune system constitutes a front line of

defense and provides a nonspecific response against

invading pathogens.

This response is mediated by various cells

(granulocytes, monocytes, macrophages, dendritic cells,

neutrophils, basophils, and natural killer cells, and

active molecules as proteins of the complement cascade)

through recognition of PAMPs or DAMPs byPRRs.

The innate immune response shapes adaptive immunity

resulting in the production of antigen-specific T and B

lymphocytes.



Wang, N., Chen, M., & Wang, T. (2019). Liposomes used as a vaccine adjuvant-delivery 

system: From basics to clinical immunization. J Control Release, 303, 130-150.

The immune responses induced by immunization with vaccines in the 

presence or absence of an adjuvant
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Characteristic Properties of Vaccine Adjuvants
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GSK’s Adjuvant System
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Selected novel delivery systems that act as adjuvants
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Adjuvants in FDA-approved human vaccines
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Adjuvants used in licensed vaccines
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Substantial amounts of mechanistic studies

demonstrate that the aluminum salt-based adjuvants

stimulate the Th2 immune responses though

(1) depot effect;

(2) enhanced antigen uptake by antigen presenting

cells;

(3) the NLRP3 inflammasome activation;

(4) stimulation and differentiation of CD4+ T cells;

(5) perturbation of dendritic cell membrane;

(6) complement activation.

Acting mechanisms of aluminum salt-based adjuvants
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Both MF59 and AS03 create a transient and local

immunocompetent environment following injection.

They promote cytokine and chemokine

productions, and recruitment of cells to injection

site.

The activated antigen-loaded APCs migrate to

draining lymph nodes where APCs could prime

naive CD4+ T cells.

The chemokine-driven immune cell recruitment is

the key characteristic of the mechanism for both

MF59 and AS03.

Models for the activation mechanism of MF59 and AS03 
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As a new type of adjuvant, synthetic oligodeoxynucleotides

(ODNs) that contain immune stimulatory CpG motifs is in

favor of Th1 cell responses.

After initial CpG ODN uptake inside of the antigen presenting

cells, the Pl3K facilitates the tranlocation into endosomal

vesicles containing TLR9.

The interaction between TLR9 and CpG ODN transduces the

cytoplasmic activation signal.

CpG ODNs directly activate B cells and plasmacytoid

dendritic cells, producing proinflammatory- and T helper 1

(Th1) cytokine-rich environment.

CpG ODNs could facilitate the pDCs maturation and enhance

antigen processing and presentation.

CpG ODN induces T cells to promote development of CTL

via IFN-c, and increases production of IL-6, IL-12 to support

secretion of IgG2a antibodies.

Acting mechanisms of CpG ODNs 
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Adjuvant AS01B and antigen are injected into 

the muscle and taken up by APCs. 

MPL activates APCs through TLR4. QS-21 

activates the NLRP3 inflammasome, resulting 

in the release of IL-1b and IL-18. 

MPL and QS-21 act synergistically to increase 

the release of chemokines, circulat granulocyte 

and enhance the recruitment of monocytes and 

dendritic cells. 

In draining lymph nodes, highly activated 

dendritic cells efficiently induce naive CD4+ T-

cell differentiation into CD4+ T memory

cells and CD4+ T-effector cells.

Cytokines secreted by CD4 + T-effector cells 

such as IL-2, TNF-a, CD40L and IFN-c could 

stimulate naive B-cell division into plasma cells 

and memory B cells.

Acting mechanisms of AS01B 
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Adjuvants under clinical investigation
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Vaccine adjuvants in COVID-19 vaccines in limited use or in advanced clinical trials



BFA Adjuvant System Composition Application?项目名称或代码？
Alum —

CpG —

BFA01 Benchmarking AS01

BFA02 Benchmarking  MF59

BFA03 Benchmarking  AS03

BFA04 Benchmarking AS03

BFA05 Based on emulsion and TLR4 agonist

BFA06C1 Based on cationic liposome and TLR4 agonist

BFA06C2 Based on emulsion and TLR9 agonist 

BFA06C3 Based on emulsion and TLR3 agonist

BFA06C4 Based on emulsion and TLR4 agonist

BFA06C5 Based on emulsion and TLR9 agonist 

BFA06C6 Based on emulsion and TLR3 agonist

BFA03-D1 Based on emulsion and cationic lipid

BFA07 Based on semi-synthesis saponin

BFA09 Based on liposome and semi-synthesis and TLR4 agonist

……

BFA Adjuvant System



BFA Adjuvant Design:

• Based on liposome, emulsion, Alum, other nanoparticles, etc

• Combining the various molecules(TLR agonists，NLR agonist，PRR agonist，etc)

For the future:

• Cell death adjuvants, metabolic adjuvants, epigenetic adjuvants

• From natural products to synthetic molecules

• System vaccinology

• etc

BFA Adjuvant System
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