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ubunit vaccines offer a safer alternative to the classical vaccine

formulation that generally contains the whole pathogens. Sub-
unit vaccines represent only a fraction of the immunogenic com-
ponents of the pathogenic organism. Subunit vaccines can be com-
posed of either proteins or peptides. Even in single proteins, there
are hundreds of epitopes, in which not all of them are required to
induce the desired immune responses. Some of the unnecessary
epitopes may induce unwanted reactogenic or allergic responses.
This situation has necessitated the use of peptides as antigens
to create a safer and more immunologically defined vaccine than
proteins.! Peptide vaccines reptresent a fragment of the protein,
containing antigenic determinant that is capable to trigger specific
T- or B-cells-mediated immune responses. Peptide vaccines can be
produced synthetically, thus underscore the simplicity of produc-
tion, possess a well-defined chemical structure and are entirely free
of the biological hazards that are commonly encountered with in-
activated or attenuated live pathogen vaccines. However, peptides
are prone to enzymatic degradation and pootly immunogenic, thus
require its formulation with a strong adjuvant to evoke a protec-
tive and long-lasting immunity. Vatious types of adjuvant and their
recent advancement for the delivery of vaccine antigens have been
extensively reviewed.” The development and selection of adjuvant
is highly important, particularly in formulating peptide vaccines in
order to make it a viable option for clinical use. Understanding the
immune system and factors that can stimulate the presentation of
the peptide antigens for further immunological processing should
be of priority when developing a peptide-based vaccine.

The immune system has a unique mechanism for rec-

ognizing, screening and interacting with pathogens. Once the
pathogens have been recognized, the immune system will react by
releasing immune cells that are responsible to eliminate the invad-
ing pathogens and permit the development of immune memory.
The immune system can identify the pathogens by detecting their
structural features, thus enabling discrimination between pathogen
and host cells for immunological reactions. These conserved struc-
tures are termed pathogen-associated molecular patterns (PAMPs),
and are recognized by pattern-recognition receptors (PRRs). PRRs
are mainly expressed on the surface of antigen-presenting cells
(APCs), particulatly dendritic cells and macrophages that are con-
sidered as the key players in the initial processing (innate immunity)
of the pathogen antigens for further activation of T- and B-cells
(adaptive immunity). Among the PRRs, toll-like receptors (TLRs)
are the most extensively studied. Stimulation of TLRs by PAMP
sleads to complex intracellular signalling pathways such as the
release of pro-inflammatory cytokines and maturation of APCs
that mediate the adaptive immune responses. Elaborated details re-
garding TLRs signalling pathways are well-established elsewhere.>*
Thus, by taking the advantage of this natural process of immune
signalling pathways, the modern peptide-based vaccine formula-
tion should aim to be capable of stimulating TLRs for efficient
antigen presentation to the immune cells.

TLRs are expressed by vatious types of cells, includ-
ing DCs, macrophages, B-cells and certain type of T-cells. Ten
functional TLRs (TLRs 1-10) have been characterized in human
populations.” Murine models, which have been extensively used in
majority of experiments involving TLRs function, have the same

@ Copyright 2018 by Azmi F. This is an open-access article distributed under Creative Commons Attribution 4.0 International License (CC BY 4.0), which allows
to copy, redistribute, remix, transform, and reproduce in any medium or format, even commercially, provided the original work is properly cited.

Mini Review | Special Edition ||

Sel



Vaccin Res Open J.2018; SE(1): Sel-Se3. doi: 10.17140/VROJ-SE-1-101

TLRs as human, except for TLR10 and an additional three classes
of TLRs. Toll-like receptors function as either homodimers or
heterodimers with other TLRs. For example, TLR2 forms dimers
with TLR1 and TLRG to recognize various lipid-containing PAMPs
such as lipopeptides, lipomannan and lipoteichoic acids. TLR3 rec-
ognizes virus-derived double-stranded RNA, TLR4 is predomi-
nantly implicated in bacterially associated lipopolysaccharide (LPS)
and TLRY can be activated by unmethylated CpG DNA. In addi-
tion to the naturally derived TLRs ligand, its synthetic counterparts
have also been developed. Several synthetic imidazoquinoline de-
rivatives such as Imiquimod and Resiquimod have been identified
to facilitate the activation of TLR7 while MPLA has been devel-
oped as a TLR4 ligand that possesses a more compromised toxic-
ity than LPS. Therefore, the co-administration of peptide antigens
and TLR agonist represents a promising strategy to ‘delude’ the
immune system into believing that it is facing infectious foreign
agent to trigger a robust immune response.

Nanoparticles have received considerable interest to be
utilized as a vaccine delivery platform for peptide antigen and
TLR agonist. The utilisation of nanoparticles in vaccine delivery
technology is inspired by the fact that nanoparticles exhibit simi-
lar geometry and dimension to pathogens,” thus may mimic the
pathogenic invasion and potentiate the uptake and processing of
the antigen by professional antigen presenting cells (APC), such
as dendritic cells (DCs). Nanoparticles also allow a high density
and repetitive display of the peptide antigens, thus permitting a
simultaneous binding to B-cell receptor for the induction of a
more potent immune reactions compared to monovalent binding
that is commonly attained by soluble peptide antigens.*’ Nanopat-
ticles can be prepared from a various type of materials. The ranges
of nanoparticles that have been extensively utilised as a delivery
platform for peptide-based vaccine include virus-like particles, li-
posomes, solid-lipid nanoparticles and polymers.'® The peptide
antigens and TLR agonist can be encapsulated into or adsorbed
to the surface of nanoparticles. Therefore, nanoparticles-inspired
peptide-based vaccine design can simultaneously display the an-
tigens of choice in combination with TLR agonist as a cargo to
activate different innate immune signalling pathways and modulate
the desired immune response raised by such particles.

A great number of advances have been made in the
structural modification of peptide antigen in the vaccine formu-
lation. Other than forming complexes within the molecules of
nanoparticles component, peptide antigen can be covalently linked
to TLR agonist to self-assemble into nanoparticles. One of the
straightforward approaches include the conjugation of synthetic
peptide antigens to lipidic moiety such as Pam2Cys/Pam3Cys,"
Nepsilon-palmitoyl-lysine'? and lipid core peptide (LCP)" that
predominantly known stimulate the activation of TLR2. The ex-
perimental outcome demonstrated that the antigenic peptide-lipid
conjugates induced a strong protective immunity against the re-
spective pathogen of interest. The choice of peptide epitope
(bearing cationic amino acid residues) and the lipidic moiety need
to be taken into consideration to warrant balanced attractive/re-
pulsive forces between the molecules to initiate the self-assembly
process into nanoparticles. Another attractive approach of con-
structing engineered nanoparticles with TLR agonist is to func-
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tionalize the surface of nanoparticles with the respective TLR
ligand. The surface functionalization of nanoparticles with TLR
agonist can be achieved vz covalent or non-covalent interaction.
For example, a novel platform utilising nanoliposome as a peptide
vaccine delivery platform against breast cancer has been developed
recently." Gp2 (antigenic peptide epitope detived from HER2 pro-
tein) was initially conjugated to Maleimide-Mpeg, , DSPE-based
micellar network. These micelles bearing Gp2 peptide network was
further encapsulated into nanoliposomes that were fabricated from
DMPC, DMPG phospholipids and fusogenic lipid dioleoylphos-
phatidylethanolamine (DOPE) containing monophosphoryl lipid
A (MPL) adjuvant (DMPC-DMPG-DOPE-MPL-Gp2). MPL was
incorporated as part of the lipidic moiety of the liposome struc-
ture which was displayed on the surface of the liposome. This for-
mulation generated strong antitumour activity with the capability
to halt the tumour growth and enhance the survival rate of the
immunized mice. It is generally believed that linking the TLR li-
gand to the nanoparticles that bearing the peptide antigen or to
the peptide antigen itself will ensure the same APC encounter the
entire molecular structure for an efficient immunology processing.

Nanoparticles possessing multiple TLR agonists emerge
as a viable strategy to induce a robust immune response as most
pathogens present multiple TLR agonists to induce infections.
The stimulation of various TLRs would lead to the upregulation
of cytokines.” One of the examples of particulate peptide vac-
cine delivery system possessing multiple TLR agonists that have
made progress in clinical trials is MelQbG10, as a treatment for
advanced-stage melanoma.'® MelQbG10 is a viral-like protein
nanoparticle that is integrated with imiquimod and CpG TLR ag-
onists. The peptide antigen (derived from Melan-A protein) was
covalently linked to the surface of nanoparticles. In another study,
Roy and co-workers have prepared various vaccine formulations
based on PLGA nanoparticles harbouring single, dual and triple
TLR agonists."” Their results showed that nanopatticles possessing
multiple TLR agonists induced high titres of antigen-specific anti-
bodies followed by dual and single TLR agonist formulation. They
also demonstrated that combining either dual or triple TLR ago-
nists induced antigen cross-presentation 7 vitro. This study under-
scoring the synergy effects of combining multiple TLR agonists
in a single particulate platform to amplify the immune response
production against the vaccine antigen.

CONCLUSION AND FUTURE PERSPECTIVES |—————

Although we have witnessed much advanced research towards the
development of the nanoparticulate-based delivery platform for
peptide antigen, there is still no peptide-based vaccine available for
clinical use. For this reason, there is an urgent need to further ex-
plore the adjuvant strategy that can translate the immunotherapy
approach of using peptide vaccines for clinical application. A re-
current strategy in combining nanoparticulate carrier with TLR
agonists has a profound contribution in augmenting the immune
productions against the peptide antigens. However, a more sophis-
ticated vaccine design is yet to be explored for peptide vaccine.
The peptide-TLR agonist conjugates can be further incorporated,
or can be utilized as part of the component to fabricate nanoparti-
cles. These nanoparticles can be engineered to carry multiple TLR
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agonists, either being encapsulated or decorated on the surface of
nanoparticles. One of the attractive strategies to incorporate mul-
tiple TLR agonists on the surface of nanoparticles are by using
the layet-by-layer assembly method.'®" Multiple TLR agonists can
be sequentially deposited on the surface of nanoparticles via non-
covalent binding such as electrostatic interaction and hydrophobic
effects, depending on the physicochemical nature of nanoparticles
and the TLR agonists. Altogether, as the immune system has rap-
idly evolved to protect the host from infectious viral nanoparticles
or bacteria, developing a smart nanoparticles platform displaying
multiple TLR agonists for the delivery of peptide antigen could
recapitulate the pathogenic-like features in inducing the desired
immune response with a tolerable cytotoxicity. Thus, it comes as
no surprise that such nanoformulation could even be more potent
than conventional vaccine formulations.
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