138

139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167

169
170
171
172
173
174
175
176

178

179
180

181
182
183
184
185
186
187
188
189

191
192
193

195
196
197
198
199

H. Takahashi / Vaccine xxx (2009 ) xxx—xxx 3

4. Interaction between HIV-1 and DC

DC at the mucosal site appear to be a natural reservoir for HIV-1,
whose Nef protein is known as a key factor in disease progression.
Indeed, nef-deficient HIV-1 as well as SIV markedly slowed the
clinical manifestation of AIDS [21]. We and others have recently
reported that the surface expression of CD1a and CD1d was selec-
tively down-regulated among CD1 molecules as well as class  MHC
on HIV-1 infected iDC by Nef [22,23], indicating that iDC may lose
their function to present virus-associated antigens to both innate
and acquired effectors, which may cause disease progression. Thus,
stimulation of iDC or deletion of the Nef effect in HIV-1 infected DC
may alter the immunological state of HIV-1-infected individuals.

Two distinct types of innate DC are observed at the local mucosal
site. Oneis sentinel Langerhans cells (LC) that are presentin the sur-
face epithelial compartment to survey antigens, including viruses,
via the LC-specific sampling receptor, Langerin; langerin-bound
antigens are internalized into Birbeck granules and degraded.
Recently de Witte et al. [24] proposed that LCs provide a barrier to
HIV-1 infection by demonstrating that HIV-exposed skin-derived
LCs captured HIV via Langerin and degraded the virus. However,
evidence contradicting the capacity of LCs to protect against HIV
was obtained using human vaginal explant cultures, a more direct,
biologically relevant model of HIV-sexual transmission [25]. Hladik
et al. showed that after HIV-1 exposure of vaginal explants, LCs
were rapidly virus-penetrated primarily by endocytosis via mul-
tiple receptors and that endocytosed virions could persist in the
cytoplasm. Also, DC-SIGN (CD209) and langerin (CD207) apparently
had anegligible role in mediating endocytotic HIV infection by vagi-
nal LCs. Thus, depending on the tissue source of LCs and the precise
experimental conditions, human LCs are capable of degrading HIV-
1 or being infected and harboring HIV-1. It is important to note that
Haldik et al.’s results support prior observations of rapid vaginal
LC infection in macaques after experimental SIV vaginal inocula-
tion [26]. We have reported that DC-SIGN-positive macrophages in
the early colostrum (breast milk macrophages: BrMM®@) and their
DC-SIGN expression were markedly enhanced by externally added
interleukin (IL)-4 [27]. IL-4-treated BrMM®@ showed strong capac-
ity to transmit HIV-1 to CD4* cells via DC-SIGN [28]. Therefore,
evidence from different human tissue culture model systems indi-
cates that both LCs and DC-sign-positive DCs can be reservoirs for
HIV-1.

5. Selective activation of innate DC lineage cells for the
induction of HIV-1-specific acquired immunity

The two major distinct subsets of DC are arranged to regulate
immune responses in vivo; 33D1-positive and DEC-205-positive
DC. Using anti-33D1-specific monoclonal antibody (mAb), 33D1-
positive DC were successfully depleted from C57BL/6 mice in
vivo. When the remaining DEC-205* DC in 33D1* DC-depleted
mice were stimulated with LPS, serum IL-12 but not IL-10 secre-
tion was markedly enhanced, which may induce Th1 dominancy
upon TLR signaling. After implanting various syngeneic tumor
cells into the dermis of 33D1* DC-depleted mice, subcutaneous
injection with LPS resulted in significant suppression of tumor
growth in vivo. Moreover, apparent proliferation of class I MHC
molecule-restricted epitope-specific CD8* CTL among tumor infil-
trating lymphocytes (TIL) against already established syngeneic
tumors was observed in the LPS-stimulated 33D1* DC-deleted mice
administered intraperitoneally with very small unaffected amount
of melphalan (L-phenylalanine mustard; L-PAM) (K.M., AW., and
H.T.; unpublished observation).

These findings indicate the importance and effectiveness of
‘selective targeting of a specific subset of innate DC, such as DEC-
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205" DC alone or with very small amount of anti-cancer drugs
to activate functional acquired epitope-specific CD8* CTL with-
out externally added antigen stimulation in vivo. This may be true
for HIV-1 intrusion in the local mucosal area, in which selective
activation of suitable DC with or without small amount of anti-
HIV-1 drugs will induce effective acquired immunity specific for
the pathogen.

6. Concluding remarks

Most vaccine work to block pathogens has focused on how
to artificially elicit acquired individual MHC molecule-restricted
effectors specific for pathogens or pathogen-infected cells before
pathogen invasion by using attenuated pathogens or pathogen-
derived immunogenic molecules containing epitopes with a strong
adjuvant. However, to establish the most suitable pathogen-
specific acquired immunity before intrusion in individuals may
be very difficult and sometimes harmful since some deteriorate
products, such as CTL and antibodies, may spread in the blood
before pathogen intrusion. Thus, the acquired products circulat-
ing throughout the body may attack or bind the pathogens, their
destructive products, or pathogen-infected cells, having negative
effects on the body.

As indicated above, it should be considered that pathogens will
attackspecies but notindividuals like HIV-1,in humans and chimps,
while SIV in monkeys. Humans have survived battled against
various pathogens for a long period probably as a result of species-
specific CD1-restricted innate immunity rather than individually
restricted acquired immunity. Species-restricted innate cells are
mainly arranged on the surface area where pathogens invade from
outside. Here, an innovative vaccination strategy against various
pathogens or tumors is suggested. Namely, similar to tumors,
selective activation of innate immunity with slight damage of the
pathogens using a potent drug or an antibody will spontaneously
achieve to establish most favorable acquired immunity in each indi-
vidual.

However, innate immune cells, such as DC, do not usually keep
long, persistent memories, and thus have to be stimulated con-
stantly to maintain their activities. Under the conditions in which
selective and constant activation of DC is performed, attenuated
or killed pathogens or their components, or even live infectious
pathogens themselves, should be addressed to establish immu-
nity. Such a procedure may help to generate the most suitable
acquired immunity to control pathogens spontaneously. Also, as
suggested in exposed, uninfected commercial sex workers, con-
stant activation of innate DC is required to maintain the most
favorable acquired immunity [29].

Intravesical bacillus Calmette-Guerin (BCG) therapy against
human bladder carcinoma is considered the most successful
immunotherapy against solid tumors [30]. During the course of
determining the actual effector cells activated by intravesical BCG
therapy to inhibit the growth of bladder carcinoma, we found that
innate alert cells, such as Vy2V82 T cells and NKT cells derived
from peripheral mononuclear cells (PBMC) activated by live BCG-
pretreated DC, appear to inhibit the proliferation of T24 tumor cells
as well as eliminate them [31]. These findings strongly suggest that
some products in live BCG or live BCG itself must stimulate suit-
able DC for tumor surveillance and such DC will help to induce and
maintain most effective acquired effectors against the tumor. We
are currently searching for the substances from live BCG.

Collectively, to develop an ideal vaccine, the activation
of species-restricted innate immunity located at the surface
compartment should be the focus to establish more favor-
able individual-restricted acquired immunity against external
pathogens, such as HIV-1, or internal tumors. The fact that one can
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Diverse TCRs derived
from re-arranged genes

Class H-MHC-restricted Th

Possible procedures
for DC activation

L B B

Stimulation of TLR3 by poly(l:C)
Subcutaneous immunization with ISCOMs
Oral immunization with cholera toxin (CT}
Mucosal stimulation with live-BCG
Predominant activation DEC-205-positive DC

Fig. 2. Antigen-presentation by class I and class Il MHC molecules. Intracellular antigens are degraded by proteasomes into peptides that are loaded into class | MHC and
displayed on the cell surface to CD8-positive CTL. In contrast, extracellular antigens are taken up by phagosomes fused with lysosome containing various enzymes and
processed into peptides that bind to class Il MHC molecules to activate CD4-positive Th. Such extracellular peptide antigens can be displayed in association with class | MHC
molecules to prime CD8-CTL when antigen-presenting DC are treated with various stimuli.

usually obtain a suitable protective acquired immunity including
MHC molecule-restricted CTL after a pathogen infection indicates
that some factors that activate innate DC to generate suitable
acquired immunity via cross-presentation seem to be hidden in
the pathogen itself (Fig. 2).
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