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Fig. 8. TLR3 signaling by dsRNA contained in apoptotic vesicles induces MoDC maturation. (A) HCV-infected apoptotic Huh7.5

1 cells were labeled

with SNARF1. dsRNA was detected in HCV-infected apoptotic cells and vesicles (arrow) by immunofiuorescent assay (upper panel; and FACS using
anti-dsRNA mAb (lower panel). (B,C) MoDCs were exposed to HCV-infected apoptotic cells for 4 hours and harvested for immunofiuorescent assay.
The MoDCs were isolated with Ficoll-Paque and stained with mAbs against dsRNA or human TLR3. (D) MoDCs were transfected with total RNA
extracted from HCV-infected or noninfected Huh7.5.1 cells, After 1 day of culture, the levels of IL-6 were determined. Poly I:C was positive control.
(E) The level of TLR3 messenger RNA (mRNA) was determined 1 day after SiRNA electroporation. (F) Knockdown of TLR3 partially abolishes the IL-6
production by MoDCs. Data shown are means = SD of duplicate or triplicate samples from one experiment representative of three donors. (G) Poly
|:C-transfected apoptotic Huh7.5.1 cells induced MoDCs to produce IL-6.

inflammatory cytokine was a representative marker for
TLR3 signal in this case, suggesting that at least HCV RNA,
rather than proteins, participates in MoDC maruration.

Since siRNA knockdown of TLR3 in MoDCs was suc-
cessfully executed by electroporation of MoDCs with TLR3-
targeted siRNA (Fig. 8E), we tested whether the level of IL-6
was affected in the TLR3-depleted MoDCs stimulated with
apoptortic vesicles containing dsRNA of HCV propagation.
TLR3-deplered MoDCs retarded maturation into decre: Lsrd
IL-6 production (Fig. 8F). Poly I:C-transfected Huh7.5.
apoptotic cells stimulare MoDCs ro secrer IL-6 (Fig. SG}.
Taken together, phagocytosed HCV-infected apoptoric cells
can provoke TLR3 signaling in MoDCs, which participates
in MoDC marurartion.

MoDCs are known to take up polyl:C, a synthetic
dsRNA, which is recognized by TLR3. Therefore, MoDC
maturation may be elicited by direct MoDC uptake of
dsRNA produced during HCV replication. However,
CD86 up-regulation was not observed on MoDCs stim-
ulated with freeze/thaw cell lysates and sonicated apopro-
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tic cells from HCV-infected Huh7.5.1 cells (Fig. 9A). For
MoDC maturation, dsRNA was required to be wrapped
in vesicles.

We next treated MoDCs with CPZ (a known inhibitor
of clathrin-mediated endocytosis), BAF (a specific inhib-
itor of the vacuolar H*-adenosine triphosphatase), and
methyl-beta-cyclodextrin (MBCD, which depletes or se-
questers membrane cholesterol, inhibiting endocytic
pathways dependent on lipid rafts) to evaluate the possi-
ble involvement of endocytosis in MoDC maturation.
MBCD had an inhibitory effect on MoDC
(Fig. 9B) and cytokine responses (data not
HCV-infected apoprotic cells. Lipid rafts appeared to
play some important roles in the uptake of HCV-infected

maturation
shown) by

apoprotic cells,

Discussion

MoDC recognizes pattern molecules of pathogen to
signal the presence of microbial infection.” Pattern recog-
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Fig. 9. Lipid raft-dependent phagocytosis of dsRNA-including apopto-
tic vesicles is required for MoDC maturation. (A) HCV-infected or nonin-
fected apoptotic cells were prepared as described. The expression of
CD86 was examined on MoDCs stimulated with apoptotic cell lysates
prepared by freeze-thaw or sonication. (B) MoDCs were treated with
methyl-beta-cyclodextrin (MBCD), CPZ, and BAF for 1 hour, followed by
coculture with HCV-infected or noninfected apoptolic cells for 2 days. The
MaDC CDBE expression was determined by FACS. Data from a repre-
sentative of three donors are shown.

nition and antigen uptake are two central events in the
activation of cellular immunity. How HCV infection elic-
its MoDC maturation and NK activation is the theme of
this study. The following results were obtained with the
JFH1 HCV strain and human MoDC. MoDCs mature
via phagocyrosing infected hepatocytes, bur not through
direct infection. MoDCs raking up HCV-infected apo-
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ptotic vesicles containing dsRNA activate T cells and NK
cells. The mature MoDCs also polarized CD4* T cells
into the Thl type. Thus, HCV-infected apoptotic hepa-
tocytes are a source of HCV antigen and PAMPs.

These in vitro results cast light on the mechanism of
CTL and NK cell activation against HCV in patients. In
the liver of patients, immature human MoDCs may
phagocytose bystander hepatocytes when the cells un-
dergo apoptosis secondary to HCV infection. The
MoDCs that incorporate HCV-infecred vesicles into the
phagosomes are able to secrete cytokines including IFN-
beta and IL-6. These MoDC responses are enabled by
fusing HCV-derived dsRNA with phagosomal TLR3.
Activation of the MoDC TLR3 pathway, as has been
reported,®1¢ have a crucial role in development of the
MoDC TLR3-mediated NK activation and CTL induc-
tion.

MoDCs express endogenous DC-SIGN, which cap-
tures pseudotype lentivirus particles expressing HCV gly-
coproteins E1 and E2 and may transmit HCV particles to
adjacent hepatocytes.?* Pseudotype vesicular stomatitis
virus coated with chimeric E1 and E2 enters MoDCs
through interaction with lectins.?* These pseudotype
HCV studies suggested that MoDCs capture, and in
some cases internalize, HCV particles only when express-
ing E1/E2. In fact, many candidates of the HCV entry
receptor have been reported and MoDCs express CD81,
scavenger recepror class B rype I, and DC-SIGN.24.23
However, the actual ligand-recepror interaction in HCV-
MoDC infection has not been demonstrated even in
CD81 and DC-SIGN. Our results suggest that phagocy-
tosis of HCV-infected apoptotic cells, but not direct in-
teraction between MoDCs and HCV particles, serves as
an inducer of MoDC maturation. The molecules on
HCV-infected cells rather than those only in the virion
may participate in induction of MoDC-mediated HCV
cellular immuniry.

NK cells play a role to prevenr persistent HCV infec-
tion. An epidemiologic survey showed thar genes encod-
ing the weak inhibitory NK cell receptor KIR2DL3 and
its human leukocyte antigen C group]1 ligand are directly
associated with HCV eradication in patients.? Since the
cell-cell contact is indispensable for MoDC-mediated NK
activation, soluble factors such as rype 1 IFN and IL-15
may only have a peripheral role in the emergence of
HCV-derived NK cells. We have shown that natural killer
group 2, member D (NKG2D) ligands on MoDCs,
which interact with NKG2D on NK cells are involved in
MoDC-mediated NK cell activation against RNA virus
infection and poly I:C.? The NKG2D/NKG2D ligand
interaction was partially responsible for NK activation by
MoDCs after uptake of dsRNA-containing vesicles (data
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not shown). Yet the main ligand for NK activation on
MoDCs is still undetermined. Searching for dsSRNA-in-
ducible NK activation ligands in MoDCs would foster
identification of MoDC factors reciprocally activating
NK cells.

In general, high replication of viruses results in cell
death by apoprtosis and necrosis. Our study on HCV sug-
gests that apoprotic alteration occurs in HCV-infected
Huh7.5.1 cells. These HCV-infected cells fostered
MoDC:s to produce IL-6 (Fig. 5A) and activate NK cells
and T cells regardless of their apoptotic alteration by
TNF-alpha and cycloheximide (dara not shown). There is
also evidence showing that apoprotic lesions exist in the
liver of patients with HCV hepatitis by histological exam-
ination.?¢ Hence, it is acceptable that MoDCs take up
apoptotic hepatocytes that contain HCV antigens and
dsRNA in that lesion. Schulz eral.? reported that TLR3 in
myeloid DCs promotes cross-priming to virus-infected
cells using mouse bone marrow—derived DCs and Vero
cells containing polyl:C or infected with dsRNA-produc-
ing picornavirus.® This model study, however, regrettably
involves the process of xenogeneic cell-cell interaction.
Nevertheless, our present study supports their notion in
the human system and offers the possibility thar myeloid
DC maturation is reproduced by HCV-infected hepato-
cytes in HCV patients.

There have been many controversial reports about
whether MoDCs were infected with HCV and deficient
in the allostimulatory capacity in patients with chronic
HCYV infection.'® A number of HCV proteins were sug-
gested to affect MoDC function by overexpression stud-
ies. HCV core and El proteins inhibit the MoDC
allostimulatory activity.2” NS3/4A is a protease that inac-
tivates the IFN-inducing pathways by cleaving the
adapter molecules of RIG-I/MDAS and TLR3, MAVS/
Cardif/IPS-1/VISA,'' and TICAMI/TRIF,'? respec-
tively. However, these proteins may not be authors for
myeloid DC modulation, since HCV replication in
MoDCs was not detected in vitro and HCV replicates in
MoDCs from HCV patients were at very low copy num-
bers, if any.1? Although defective MoDCs were reported
to appear in HCV patients,'? this may not merely be due
to the DC-HCYV interaction since HCV perturbs many
cells and mediators in infected lesions.

In the HCV-infected apoprotic cells, there are HCV
proteins as well as HCV-derived dsRNA. Therefore, the
possibility still remains that not only dsRNA burt also
phagocytosed HCV proteins are involved in MoDC mat-
uration. Although what happens in HCV natural infec-
tion is unclear, our study revealed that MoDC does not
mature in response to lysates of HCV-infected apoptoric
cells.
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Sensor proteins for dsRNA reside in the cytoplasm as
well as the cell surface.” In MoDCs, MDAS and RIG-I
may be engaged in sensors for HCV dsRNA in HCV-
infected apoptotic cells. In this case, however, the dsRNA
in phagosomes must pass through the membrane to en-
counter cytosolic RIG-I/MDA3. Thus, the possible inter-
pretation is thar apoproric vesicles with HCV dsRNA are
incorporated into the TLR3-bearing phagosome in
MoDCs (Fig. 8C).

TLR3 is the recepror for dsRNA on the endosome
membrane and engaged in MoDC maturation.'® This
maruration is inhibited by BAF and chloroquine, indicat-
ing that pH changes within intracellular compartments
are critical for the process.?® Opposing to these reports,
treating MoDCs with BAF (Fig. 9) or chloroquine (data
not shown) results in no inhibition of MoDC marturation
in our HCV-incorporated vesicle studies. One possibility
deduced from the BAF test is the presence of an alterna-
tive source for viral dsSRNA recognition that is indepen-
dent of endosomal acidification. Lipid rafts wherein
HCV-infected apoptotic cells are phagocytosed (Fig. 9),
may be associated with acidification-free MoDC matura-
tion. Our darta, including colocalization of dsRNA with
TLR3 and partial blocking TLR3 with siRNA also sug-
gested that TLR3 and HCV dsRNA assemble in the same
compartment. Further studies on the dsRNA recognition
facility in the phagosomes as well as possible participation
of MDAS and RIG-I in MoDC-NK reciprocal activation
will be needed to clarify the mechanism of HCV-medi-
ated MoDC maruration.
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