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Abstract: Nanotechnology is the development of an engineered device at the atomic, molecular,
and macromolecular level in the nanometer range. Advances in nanotechnology have proven
beneficial in therapeutic fields such as drug-delivery and gene/protein delivery. Antigen delivery
systems are important for inducing and modifying immune responses. In cellular immunity,
cytotoxic T lymphocytes (CTLs) are important in the host defense against tumors. Key to the
development of CTL-inducible vaccines is the ability to deliver antigens to antigen-presenting
cells efficiently and to induce the subsequent activation of T cell-mediated immunity without
adjuvants, as they can induce excessive inflammation leading to systemic febrile disease. Since
expression and cloning methods for tumor-associated antigens have been reported, cancer
vaccines that induce effective cell immunity may be promising therapeutic candidates, but
Th2 cells are undesirable for use in cancer immunotherapy. Peptide vaccines have immunological
and economic advantages as cancer vaccines because CTL epitope peptides from tumor-
associated antigens have high antigen-specificity. However, cancer vaccines have had limited
effectiveness in clinical responses due to the ability of cancer cells to “escape” from cancer
immunity and a low efficiency of antigen-specific CTL induction due to immunogenic-free
synthetic peptides. In contrast, carbohydrate-decorated particles such as carbohydrate-coated
liposomes with encapsulated antigens might be more suitable as antigen delivery vehicles to
antigen-presenting cells. Oligomannose-coated liposomes (OML) can eliminate established
tumors in mouse cancer models. In addition, OMLs with an encased antigen can induce antigen-
specific CTLs from peripheral blood mononuclear cells obtained from patients. Feasibility
studies of OML-based vaccines have revealed their potential for clinical use as vaccines for
diseases where CTLs act as effector cells. Furthermore, use of the hepatitis B core particle,
in which tumor-antigen epitopes are set, has consistently been shown to induce strong CTL
responses without the use of an adjuvant. Thus, nanoparticles may provide a new prophylactic
strategy for infectious disease and therapeutic approaches for cancer via the induction of T-cell
immunity.
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Introduction

Recent developments in multifunctional nanoparticles offer a great potential for
targeted delivery of therapeutic compounds and imaging contrast agents to specific cell
types, enhancing therapeutic effects and minimizing side effects. For pharmaceutical
purposes, nanoparticles are defined as solid colloidal particles ranging in size from
10 nm to 400 nm. They consist of macromolecular materials in which the active agent
(drug or biologically active material) is dissolved, entrapped, and/or encapsulated, or
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to which the active agent is adsorbed or attached.! The ability
to target liposomal drugs to tumors or target cells represents
an attractive strategy for developing more effective cancer
therapies.

Antigen-specific CD8* cytotoxic T lymphocyte (CTL)
induction is an attractive immunotherapeutic strategy against
hematological malignancies, other cancers, and infectious
diseases.>* Cluster of differentiation (CD) molecules are
expressed on most normal cells. However, CD molecules
are often overexpressed on tumor cells. Viral-specific and
mutated antigens are clearly foreign, and viral antigens are
present only on tumors that are virally induced. Therefore,
CTL responses may be initiated against overexpressed
cell surface markers or viral antigens expressed by major
histocompatibility complex (MHC) molecules to target
tumor cells. For instance, impaired host CTL function
abrogates protection against the accumulation of human
T-cell leukemia virus-1 (HTLV-1)-transformed cells. Thus,
preventing the loss of, or inducing host CTL functions, may
yield an effective immune strategy against leukemogenesis
such as adult T-cell leukemia-lymphoma (ATL).>¢ In
particular, CD4* T lymphocytes differentiate into distinct T
helper (Th) cell subsets depending on the type of disease.
Among these effector Th subsets, Thl cells support the
expansion and persistence of CTLs, but Th2 cells are
undesirable for immunotherapy of cancer or for vaccination
against intracellular pathogens. Therefore, a potent vaccine
for these diseases should activate both CD8* and CD4* T
lymphocytes to generate antigen-specific CTLs and Th1 cells,
respectively.

The difficulty of inducing antigen-specific CTLs in
individual patients vitiates the more widespread use of
adoptive T cell therapy. Liposomes can encapsulate large
and broad antigenic sequences, immunomodulatory factors,
and drugs, and thus can serve as potent delivery vehicles.
Whereas free synthetic peptides have proven to be relatively
poor immunogens, the use of peptides with oligomannose-
coated liposomes (OML) can induce strong cellular
immunity.”° Virus-like particles (VLPs) have also been
shown to induce strong CTLs, even without adjuvant.'"'?
Furthermore, liposome-protamine-DNA (LPD) nanoparticles
are currently being employed as effective peptide carriers.!?
The immunostimulatory and adjuvant properties of LPD
nanoparticles have made them suitable for delivering antigens
for the purpose of vaccination.'

Thus, the use of liposomes and VLPs to target drugs
to tumors represents an attractive therapeutic strategy,
especially when used with convenient targeting moieties such

as peptides. This review presents an overview of the current
attempts to use nanoparticles for vaccines.

Liposomal vaccines

In the study of potent immune responses, adjuvants are
crucial. However, adjuvants can induce unfavorable
immune responses such as systemic fever, hepatotoxicity,
and hypersensitivity “flare reactions” around the injection
site. Liposome co-encapsulated CpG oligodeoxynucleotides
with recombinant Leishmania major stress-inducible
protein 1, enhanced immune responses, and protection against
leishmaniasis in immunized BALB/c mice when compared
with CpG given in soluble form with antigen or antigen
without adjuvant.” This study indicated the superiority of
CpG oligodeoxynucleotides in its liposomal form compared
to the soluble form, and that it has an important role in vaccine
development strategies against leishmaniasis.'

LPD nanoparticles are spheres (around 150 nm) generated
by spontaneous rearrangement of a lipid shell composed of
1,2-dioleoyl-3-trimethylammonium-proprane and cholesterol
around a protamine-condensed DNA to develop a virus-like
structure.'” The immunostimulatory and adjuvant properties
of LPD nanoparticles have made them suitable for delivering
antigens for the purpose of vaccination.' The small diameter
and positively charged characteristics of LPD nanoparticles
allow lymphatic delivery of peptides and dendritic cell (DC)
targeting.'®°

Implications of antigen delivery
to antigen-presenting cells (APCs)

by carbohydrate-coated liposomes

The critical requirements for an antigen delivery system for
vaccines include efficient delivery to the cell of choice, the
ability to load the antigen onto MHC molecules, and the
ability to activate APCs to express costimulatory molecules
to aid the induction of CTL responses. Liposomes have been
widely exploited as antigen delivery systems for treating
a variety of diseases. These vesicles can be prepared in
various ways, which may affect the immunogenicity of the
encapsulated antigens.?® Efficient delivery of antigens to
immune cells can be facilitated by agents that bind selectively
to molecular structures on the surface of the targeted cells.
The conjugation of liposomes with antibodies directed to cell
surface receptors, recombinant ligand proteins, or chemical
ligands, such as carbohydrates, can facilitate uptake by
specific cells and therefore have been tested for targeting
liposomes to cells and tissues.?’> The recognition and
phagocytosis of pathogens and their subsequent destruction
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is an important mechanism of immune defense. APCs express
many C-type lectin receptors (CLRs) that act as phagocytic
receptors.?*?* Some CLRs contain internalization motifs
in their cytoplasmic domains, which direct the uptake of
ligands and subsequent sorting of CLRs and attached cargo
into late endosomes. CLRs also contain an immunoreceptor
tyrosine-based activation motifs or immunoreceptor tyrosine-
based inhibitory motifs in their cytoplasmic domains that
trigger or modulate distinct signaling pathways to induce
the expression of specific cytokines, which then determine
T cell polarization.”® CLRs recognize distinct carbohydrate
structures expressed on pathogens, and therefore the use of
carbohydrates that are preferentially recognized by CLRs as
targeting signals may be a more sophisticated alternative.?
Thus, carbohydrate-decorated particles such as carbohydrate-
coated liposomes with encapsulated antigens may be more
suitable antigen delivery vehicles to target CLRs on APCs.

Molecular structures containing terminal mannose are
uncommon elements of mammalian tissues, but abundant and
highly conserved in microorganisms. Mannose-recognizing
CLRs can facilitate the binding and endocytosis of ligands
with terminal mannose, fucose, and N-acetylglucosamine.?’
Mannose residues can be recognized by DC-specific
intracellular adhesion molecule-3-grabbing nonintegrin
(DC-SIGN, CD209) family molecules expressed by
APCs, langerin (CD207) on Langerhans cells and DCs
and by dectin-2 on monocytes or macrophages.?®** Thus,
carbohydrate-modified antigens may be preferentially
delivered to APCs due to DC-SIGN-mediated uptake of
antigens, resulting in effective antigen presentation to
T cells.*® Therefore, mannose residues attached to antigens
or as a coating on antigen-carrying liposomes have promise
for the induction of immune responses using the carbohydrate
recognition pathways of APCs.

Oligomannose-coated liposomes

as a drug delivery system

Kojima et al have developed a new active agent (drug,
peptide, or biologically active material) delivery system
for the control of diseases such as infection, cancer and
allergy, using OMLs.?'** OMLs were prepared from
dipalmitoylphosphatidylethanolcholine, cholesterol, and
mannotriose-dipalmitoylphosphatidylethanolamine at a
molar ratio of 10:10:1 and extruded through a 1-um pore
membrane (Figure 1). This approach relies on the preferential
recognition of oligomannose residues on OMLs by APCs
expressing APC-specific mannose-binding lectin receptors,
and subsequent uptake of OMLs and antigens encased in the

CH,OH DPPE conjugated mannotriose

[
CHOH o CHZ—NH-CHZ-CH,-O—¢—O—CHZ H-0-cANN\ANAAAN/
CH o
CH, 0-CAANANAA\NN/
o

HTLV-1 Tax11-19 peptide

Oligomannose-coated
liposomes (OML)

Figure | Structure of synthetic neoglycolipids consisting of dipalmitoylphosphati-
dylethanolamine.
Abbreviation: DPPE, dipalmitoylphosphatidylethanolcholine; HTLV-1, human T-cell
leukemia virus-1.

OMLs to be loaded on MHC class I and class Il molecules.’
OMLs can also activate and induce the maturation of APCs
with enhanced expression of costimulatory molecules and
proinflammatory cytokines.’

In the efficient induction of CTLs, Th1 cells support the
expansion and persistence of CTLs, whereas Th2 cells are
undesirable for immunotherapy of cancer or vaccination
against intracellular pathogens. OMLs can enhance
interleukin (IL)-12 production and the expression of
costimulatory molecules (CD40, CD80, CD86, and MHC
class I molecules) on peritoneal macrophages.’ Interestingly,
the production of inflammatory cytokines such as IL-1 and
IL-6 from either DCs or macrophages was suppressed in
response to OML incorporation.” However, spleen cells
from mice immunized with ovalbumin (OVA)-containing
OMLs (OML/OVA) produced significant levels of interferon
(IFN)-v that exceeded IL-5 production when stimulated
with OVA in vitro. In contrast, spleen cells predominantly
produced IL-5 over IFN-y in response to OVA stimulation,
if mice were immunized with OVA adsorbed on aluminum
hydroxide, an adjuvant for the induction of Th2 immune
responses. Thus, to induce antigen-specific Thl cells, a
suitable adjuvant must be used in conjunction with OVA
incorporation.

Pathogens share similar structures termed pathogen-
associated molecular patterns (PAMPs). Pattern recognition
receptors (PRRs) such as Toll-like receptors (TLRs) are a
primitive part of the immune system.’* Binding of PAMPs
to TLRs triggers signal transduction events that activate
mitogen-activated protein kinases and transcription factors
such as nuclear factor-xB, leading to the induction of
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inflammatory cytokines such as IL-18, IL-6, IL-12, and tumor
necrosis factor-o..’¢ OML-stimulated APCs preferentially
produce IL-12, but suppress the production of IL-6 and
IL-1PB. SIGNRI colocalizes in lipid rafts with several Src
family kinases, such as Lyn, which modulate the maturation
of DCs.’” Therefore, OMLs may activate APCs through
particular signaling pathways distinct from those triggered
by interactions between PAMPs and TLRs.

Oligomannose-coated liposomes

as a therapeutic vaccine

Kojima et al demonstrated that OMLs can be used as therapeutic
vaccines that induce CTLs specific to the encased antigen
without adjuvant (Table 1).*® Immunization of BALB/c mice
with OMLs encasing soluble leishmanial antigen protected
against subsequent Leishmania major infection due to the
predominant induction of leishmanial antigen-specific Thl
immune responses over Th2 immune responses. Preliminary
studies have also examined the effect of OML-based vaccines
using soluble protozoan lysates of Toxoplasma gondii,
Trypanosoma brucei gambiense, Babesia rodhaini, or Neospora
caninum on the corresponding protozoal infections in mice.*
OML-based vaccinations, incorporating a single injection of
OMLs containing 1 pg of antigen, induced antitumor activity
in an E.G7-OVA tumor-bearing mouse model that suppressed
tumor growth and led to tumor rejection, where approximately
50% of the mice showed elimination of an established tumor.*
Recently, Kojima et al reported the induction of CTLs specific
for either HLA-A24-restricted epitopes of survivin2B using
mixed lymphocyte-peptide cultures with OML-coated
survivin2B peptides or human papillomavirus type16 E6 and E7
with OML-coated papillomavirus DNA.*3° Therefore, OMLs

are suitable for use as safe vaccine carriers of peptides and
plasmid DNA and as adjuvants.

OML with an encased allergen may also have an
antiallergic effect since IFN-yproduced by Th1 cells induced
by OML-based vaccination inhibited the development and
activation of allergen-specific Th2 cells, which promotes
IgE synthesis and mediates type I allergic reactions.
Immunization of OMLs with entrapped Cry j 1, identified as
major allergen in Japanese cedar pollen, prevents elevation
of serum IgE levels elicited by Cry j 1 administration in
both unsensitized mice and Cry j 1-presensitized mice.
This indicates that OML-encased allergens may serve as
immunotherapeutic agents to control type I allergic diseases.
These inhibitory effects may occur due to a shift from
Th2 immune responses to allergen-specific Thl immune
responses since Cry j 1-specific IgG1 production mediated
by Th2 cells was significantly reduced, but Cry j 1-specific
IgG2a production mediated by Thl cells increased in the sera
of OML-based vaccinated mice.’' Nasal administration of
OMLs can induce entrapped HA-specific secretory IgA in
local tissues and OVA-specific serum IgG and IgA.* These
feasibility studies of OML-based vaccines have revealed
their potential for clinical use as vaccinations for diseases
where CTLs and/or Th1 cells are effectors.

Prophylactic nanoparticle vaccines

for adult T cell leukemia

ATL 1is an aggressive malignancy of mature peripheral
T-lymphocytes.** Despite recent progress in chemotherapy
and supportive care for hematological malignancies,
the median survival time is still only approximately
13 months.** Therefore, new strategies for the therapy and

Table | Therapeutic efficiency of oligomannose-coated liposome-based vaccines

Encapsulated antigen Responses Sources Reference

OVA Rejection of EG7-OVA tumor (pre-immunization) C57BL/6 32
Elimination of established EG7-OVA tumor (post-immunization) C57BL/6 7
Induction of antigen-specific Thl cells and CTLs Balb/c 40

Crude extract of Leishmania major ~ Suppression of foodpad swelling by Leishmania major infection Balb/c 35

Recombinant NcGRA7 Protection of dams and offspring from Neospora caninum infection  Balb/c 34

Recombinant apical membrane Reduction of offspring mortality from Neospora caninum infection  Balb/c 34

antigen

Cryjl Prevention of IgE elevation in sera in response to Cry j | Balb/c 31
sensitization

HLA-A*2402-restricted survivin2B  Induction of survivin-specific CTLs PBMCs from patients 38

peptide

HPV 16 E6 and E7 plasmid DNA Induction of human HPV-specific CTLs PBMCs from carriers 39

HLA-A*0201-restricted HTLV-I Induction of HTLV-1 specific CTLs HLA-A*0201-Tg mice 10

Tax peptide Induction of HTLV-I specific CTLs

PBMCs from HTLV-I carriers 10

Abbreviations: NcGRA7, Neospora caninum dense granule protein 7; PBMCs, peripheral blood mononuclear cells; Cry j |, Japanese cedar pollen; OVA, ovalbumin;
CTLs, cytotoxic T lymphocytes; HTLV, human T-cell leukemia virus-1; Th, T helper; HLA, human leukocyte antigen; HPV, Human papilloma virus.
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prophylaxis of ATL (eg, vaccines and novel molecular target
agents) are urgently needed. Although the clonal evolution of
ATL cells may involve multiple steps,*” an insufficient T cell
response to HTLV-1 is a potential risk factor.*® HTLV-1-
specific CTLs are critical in the host immune response against
HTLV-1 infection.*° We previously reported a decreased
frequency and function of HTLV-1 Tax-specific CD8*
T cells in ATL patients and the upregulation of the negative
immunoregulatory programmed death 1 marker on HTLV-1
Tax-specific CTLs from asymptomatic HTLV-1 carriers
and ATL patients.’'>* Impaired host CTL function reduces
protection against the accumulation of HTLV-1-transformed
cells; thus, targeting this mechanism may yield an effec-
tive immune strategy against leukemogenesis. HTLV-1
Tax-targeted vaccines in a rat model of HTLV-1-induced
lymphomas showed promising antitumor effects.” Therefore,
HTLV-1-specific CTLs are important for the immunological
suppression of HTLV-1-infected cell proliferation and patho-

The difficulty in inducing antigen-specific CTLs in
individual patients suggests why the use of adoptive T cell
therapy is not widespread. OMLs can be an effective antigen
delivery system for cancer immunotherapy by activating
CTLs and Th subsets.’*” We examined the efficient
induction of HTLV-1-specific CD8* T cell responses by
OMLs encapsulating the HLA-A*0201-restricted HTLV-1
Tax-epitope (OML/Tax; Figure 1). Immunization of
HLA-A*0201 transgenic mice with OML/Tax induced
HTLV-1-specific IFN-y production from T cells, whereas
immunization with the epitope peptide alone did not
(Figure 2A). DCs exposed to OML/Tax showed increased
expression of CD86 and MHC class I, and class Il molecules
such as HLA-A02.!° In addition, HTLV-1-specific CD8*
T cells were efficiently induced by OML/Tax derived from
HTLV-1 carriers compared with the epitope peptide alone
(Figure 2B). OML/Tax increased the number of HTLV-1-
specific CD8" T cells up to 1400-fold, while treatment with
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Figure 2 Induction of cellular immunity by intradermal immunization of mice with OML/Tax. (A) HLA-A*0201 transgenic mice (n = 5 per group) were intradermally
immunized twice with OML/Tax, HTLV-I peptide (LLFGYPVYV), or PBS on days 0 and [4. Seven days after the last immunization, the spleens and inguinal lymph nodes
were collected. Inguinal lymph node cells (2 x 10¢/well) were stimulated in vitro with HTLV-| peptide. Six days later, the number of IFN-y-producing cells per 2.5, 5, or
10 x 10* inguinal lymph node cells upon stimulation with syngeneic bone marrow derived-DCs (I x 10%well, pulsed with or without each peptide) were determined using
an ELISPOT assay. IFN-y spots were expressed as the number of peptide-loaded to peptide-unloaded target cells. *P < 0.05; **P < 0.01 vs PBS group. All experiments were
performed in triplicate. Values represent the mean from five mice. Results represent the mean + SD. (B) Freshly isolated or cryopreserved PBMCs from HTLV-1 carriers
were cultured with OML/Tax, peptide alone, or without antigen. The tetramer assay was performed using fresh (ex vivo) or cultured PBMCs. The numbers in the upper right
quadrants represent the percentage of tetramer'CD8* T cells within the T lymphocyte population.

Abbreviations: DCs, dendritic cells; FITC, fluorescein isothiocyanate; IFN, interferon; HTLV-1, human T-cell leukemia virus-1; OML, oligomannose-coated liposome; PBS,
phosphate-buffered saline; PE, phycoerythrin; PBMCs, peripheral blood mononuclear cells.
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95- and 35-fold, respectively. Furthermore, these HTLV-1-
specific CD8* cells induced apoptosis of HTLV-1 epitope
peptide-pulsed T2-A2 cells. CD8" T cells efficiently lysed
Tax peptide-loaded T2-A2 cells, whereas only low-level
background lysis was observed in the absence of Tax peptide
and for CMV peptide-loaded T2-A2 cells. These results
suggest that OML/Tax induces antigen-specific cellular
immune responses without the need for adjuvants and may
be an effective vaccine carrier for prophylaxis of tumors and
infectious diseases.!”

Whereas free synthetic peptides have proven to be
relatively poor immunogens, VLPs, such as hepatitis B
core (HBc), have consistently been shown to induce strong
antibody and CTL responses, even without an adjuvant.'’-12
HBcAg, a potent immunogen that elicits strong humoral,
T-helper, and CTL responses and is amenable to a variety
of heterologous epitopes without an adjuvant,”® may be an
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effective carrier protein for use in T-cell mediated vaccine
development.” We fused the HTLV-1 Tax11-19 peptide,
recognized by HLA-A*0201-restricted HTLV-1-specific
CD8* T-cells with high frequency,* to HBcAg to yield an
HTLV-1/HBc¢ chimeric particle. A synthetic DNA fragment,
the HTLV-1 Tax sequence from amino acid positions 8§-22,
including the Tax11-19 epitope recognized by HLA-A*0201,
was inserted into the HBe gene. The chimeric protein was
expressed in Pichia pastris KM71. The chimeric particle
maintained the capacity to fold correctly and spontaneously
assembled into structured capsid particles with a diameter
of 36 nm. Immunization of HLA-A*0201 transgenic mice
with the chimeric particle induced antigen-specific IFN-y
production as assessed by enzyme-linked immunospot
assays, whereas immunization with the epitope peptide alone
induced no reaction (Figure 3A). Immunization with the
chimeric particle also induced HTLV-1-specific CD8* T-cells
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Figure 3 The induction of cellular immunity by intradermal immunization with HTLV-1 Tax/HBc chimeric particles. (A) HLA-A*0201 transgenic mice were intradermally
immunized twice with HTLV-1 Tax/HBc chimeric particles (20 ng), HTLV-1 peptide (I ug: LLFGYPVYV), HTLV-1 peptide (I ug) plus HBc particles (20 pg) or PBS at day
0 and day 4. Seven days after the last immunization, the spleens and inguinal lymph nodes were collected. The inguinal lymph node cells (2 x |0%well) were stimulated
with Tax | 1-19 peptide in vitro. Six days later, the frequency of cells producing IFN-y per 5, 10, or 20 x 10* inguinal lymph node cells upon stimulation with syngenic bone
marrow-derived DCs (I x 10*well), pulsed with or without each peptide, was determined by ELISPOT assay. IFN-y spots are expressed as the number of peptide-loaded
to peptide-unloaded target cells. *P < 0.05; **P < 0.01 vs PBS group. The experiments were performed in triplicate. Results represent the mean * SD. (B) Maturation
of DCs induced by HTLV-1 Tax/HBc chimeric particles was assessed by the expression of CD86 and HLA-02 on the surface of DCs after incubation with antigens.
Murine immature dendritic cells (iDCs) were obtained from bone marrow (BM) precursors. iDCs were incubated with the indicated concentrations of HTLV-1 Tax/HBc
chimeric particles: 10 ug/mL of HTLV-1 Tax peptide or 10 pug/mL of phytohemagglutinin (PHA) at 37°C. Data are expressed as the mean fluorescence intensity (MFI)
for each molecule compared to unpulsed (0 pg/mL) iDC controls. Results represent means + SD of four independent experiments. *P < 0.05; **P < 0.0 vs unpulsed
iDC controls.

Abbreviations: DCs, dendritic cells; IFN, interferon; HBC, hepatitis B core; PBS, phosphate-buffered saline.
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in the spleen and inguinal lymph nodes.® Furthermore, DCs
isolated from HLA-A*0201-transgenic mice exposed to the
chimeric particle showed increased expression of CD86,
HLA-A02, and MHC class II (Figure 3B). In addition, our
results demonstrated that HTLV-1-specific CD8* T cells
could be induced by a peptide with HTLV-1/HBc particles
from ATL patients, but not by the peptide or HTLV-1/HBc
particles alone, and could lyse immune cells presenting the
peptide.® This suggests that HTLV-1/HBc chimeric particles
can induce strong cellular immune responses without the
need for an adjuvant via the effective maturation of DCs.
Previous studies have demonstrated the efficient processing
of lymphocytic choriomeningitis virus-derived p33/HBc
chimera via cross-presentation, although only weak CTL
responses were induced in C57BL/6 mice.*® Thus, while
VLPs alone are inefficient at inducing CTL responses, they
become potent vaccines when combined with APC-activating
substances such as anti-CD40 mAbs or nonmethylated
CG motif-rich DNA (CpGs). These results suggest that
the HTLV-1/HBc chimeric particle can induce strong cel-
lular immune responses without adjuvants by inducing the
maturation of DCs and is potentially useful as an effective
carrier for therapeutic vaccines in tumors or in infectious
diseases by substituting the epitope peptide.®

HTLV-1-specific CTLs

CD8* J Increase
CTL
CD80/86 "4
%‘9
MHC class | IFN-y
APC

1

oe T

82 Dcnsome
MHC classll
—> APC

HTLV-1 Tax/HBc chimeric vaccine
OML/Tax vaccine

Figure 4 Strategies targeted at inducing CTLs for the prophylaxis of infectious
disease and therapeutic approaches for cancer.

Notes: HTLV-1 Tax/HBc chimeric particles and OML/Tax can be phagocytosed
by APCs and antigenic fragments presented by either MHC class | or Il molecules
to activate either CD8" T cells or CD4* Thl cells, respectively. Thus, this strategy
could induce strong cellular immune responses without adjuvant as assessed by the
increase of CD86 and MHC class I/1l expression.

Abbreviations: APC, antigen-presenting cell; CTLs, cytotoxic T lymphocytes; HBC,
hepatitis B core; HTLV, human T-cell leukemia virus-1; MHC, major histocompatibility
complex; OMLs, oligomannose-coated liposomes; Th, T cell helper.

Conclusion

The recent emergence of targeting antigens specific to
DCs and their subsequent activation with biomaterials has
demonstrated an exciting potential for developing new
vaccines. Nanoparticles such as liposomes and VLPs offer
the ability to protect antigens from degradation and deliver
them specifically to APCs. OML/Tax and HTLV-1 Tax/HBc
chimeric particles are capable of inducing strong cellular
immune responses without adjuvants and may be useful
as effective carriers for prophylactic or therapeutic uses in
infectious diseases and tumors such as HTLV-1-infected
cells and ATL cells. Thus, novel chemical strategies can
be employed to release antigens intracellularly where
they can be processed by both MHC class I and class II
pathways (Figure 4). Nanoparticles can also be used as
synthetic adjuvants that use different mechanisms to induce
DC maturation and initiate adaptive immune responses.
Moreover, bioconjugation strategies can be used to attach
molecular “danger signals” to particles to amplify the
immune response while providing a potential nontoxic
alternative adjuvant technology. Finally, the use of these
very small nanoparticles offers an antigen-delivery system
to unlock the potential of targeting lymph-node-resident
DCs to induce adaptive immunity and therapeutic tolerance.
The development of biomaterials for immune cell-targeting
continues at a rapid pace, and future studies should focus on
optimizing antigen delivery and adjuvant activity. These new
approaches, inducing antitumor immunity and anti-allergic
effects using vaccines, may provide a new prophylactic
strategy for infectious disease and therapeutic approaches
for cancer.
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