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Abstract

Immune adjuvant is an artificial PAMP for potentiating various immune responses.
Vaccine represents one event that is capable of inducing immune response caused by
antigen and PAMP stimuli, which act on antigen-presenting dendritic cells (mDCs). Here,
we introduce the pathways by which CTL and NK cells are driven through mDC maturation

in response to adjuvants.

Microbial pattern molecules (PAMP, pathogen-associated molecular patterns) are
agonists of pattern-recognition receptors, a representative of which is Toll-like receptor.
Adjuvants are non-infectious artificial PAMP, typically administered with the target antigen
(AQ) in order to enhance the host immune response (1). However, the mechanism by which
these reagents enhance immunity had not clearly been understood, until the recent progress
on elucidation of the ligand properties of Toll-like receptors (TLRs) and TLR-mediated DC
maturation (2). The accumulated evidence on TLR-dependent DC maturation has solidified
the current understanding that DC TLRs confer direction of effector driving on the DCs that
present antigens. Now, we hold that Ags determine the object toward which immune cells
are proliferated whereas adjuvant determines what effectors will be selected for
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immunological output (1). The fundamental concepts of the immune system should be
re-evaluated through the understanding of TLR-mediated DC immune responses, which
will also revolutionize the concepts related to vaccination.

In myeloid DCs (mDCs), a representative Ag-presenting cells, the two major arms of
the innate immune signaling pathway, the MyD88 and TICAM-1 (TRIF) pathways, have
been identified through the investigation of TLR signaling (2). TLR3 represents the sensor
of dsRNA of viral origin and recruits TICAM-1 (3). TICAM-1 links the type I
IFN-inducing pathways in mDCs of both human and mouse (2,3). TLR4 recruits both
MyD88 and TICAM-1 (2). TLRs other than TLR3 can take the MyD88 pathway. Hence,
the representative inflammatory responses in TLR pattern-recognition are rooted in the
properties of the adaptors MyD88 and TICAM-1. In myeloid DCs, these pathways play a
significant role in differential maturation.

Using BCG-CWS as the TLR2/4 adjuvant, we found that MyD88 is an adaptor
essential for induction of cross-priming in mDCs (4). MyD88 -/- mice have been reported
to far less induction of CTL against exogenous Ags and TLR2/4 adjuvants (4). Cytokines
and NF-kB-inducing factors may be required for mDC cross-priming, although the
molecular mechanism whereby MyD88 can induce responses related to cross-presentation
in mDCs.

We have used polyl:C for evaluating the TICAM-1 (TRIF) potential in mDC
maturation (5). The TICAM-1 pathway allows mDCs to activate IRF-1 and IRF-3, which in
turn activate the IFN-f promoter as well as unidentified NK-driving factors. The data imply
that cross-priming and the NK-driving signal are also dependent upon TICAM-1, but the
transcription factors utilized by TICAM-1 are wholly distinct from those of MyD88. We
found that mDC TICAM-1-mediated NK activation largely relies on the IRF-3-derived
NK-activating molecule (INAM) which promotes mDC-NK cell contact (6), in addition to
the reported soluble mediators IL-15, IFN-o, and 1L-12p70. Thus, the mode by which
mDCs matured differs in the MyD88 and the TICAM-1 pathways. If an appropriate
adjuvant is conjugated with vaccine, NK cells can be activated for eradication of microbes.

We have analyzed how mDCs acquire effector-driving functions by focusing on the
innate immune response (1). Live vaccines usually contain microbe-specific Ags and
PAMPs. Since DNA per se has an adjuvancy, DNA vaccine also includes PAMPs.
Nevertheless, potential vaccines have not been established for some viral infections. For
example, HCV, HIV and influenza infections have their own problems. Low titers of
antiviral antibody and CTL induction may be dissolved by developing efficient adjuvants



by inducing appropriate effectors. In this stand, an effective strategy for tackling the issue
of low immune response against vaccines has yet to be proposed with obstinacy infectious
diseases. Even the fundamental immune aberrance present in the focal nests of infection has
not been grasped by researchers in some virus-induced persistent infections.

There is almost no information concerning the molecular mechanisms driving these
effector cells in mDCs. Each DC subset seems to correspond to a specific effector, although
the selection mechanism by which DCs induce various effectors is not clear in most
instances. However, it is known from mouse models that splenic CD8+ DCs induce Treg
(7) and NK cells (8) in the mouse spleen, and lamina propria pDCs in the mouse enteric
canal promotes IgA production (9). In addition, CD70+/CD11c+ DCs induce Th17 cells by
the ATP of enterobacteria (10), and bone-marrow (BM)DCs markedly activate NK cells via
the TICAM-1 pathway (11). It is known that pDCs induce tremendous amounts of IFN-a. in
response to CpG DNA through TLR9. Although what molecular background supports this
pDC phenotype has long been unknown, pDC-specific events should regulate the activation
of IRF-7 (12, T. Kaisho in this presentation). Further examples of DC subsets that
preferentially function with specific effectors will likely be demonstrated through practical
experiments.

For future studies, it is necessary to determine the potential of peptide-conjugating
materials including Ags and inflammation-inducing reagents. A number of reports have
suggested that adjuvants can greatly increase the efficiency rate of treatment, although there
are no criteria to fairly evaluate the function of adjuvants in vaccine recipients or patients.
The method for stimulating DCs needs to be carefully selected as systemic administration
of inflammation-inducing material can also lead to the acceleration or exacerbation of
infection at the same time. In this case, the route and molecule that selectively raises the
degree of DC maturation without severe malicious inflammation should be clarified. The
design of DC maturation can be manipulated without helping flare inflammation. In the
future, we hope that through continued research, patients will have access to convenient and
highly effective prophylactic immunotherapy.
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