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Dendritic cell therapy with interferon-o. synergistically
suppresses outgrowth of established tumors
in a murine colorectal cancer model

S Ishii, K Hiroishi, ] Eguchi, A Hiraide and M Imawari
Second Department of Internal Medicine, Showa University School of Medicine, Shinagawa-ku, Tokyo, Japan

Both dendritic cell (DC)-based immunotherapy and interferon
(IFN)-. therapy have been proved to have potent long-lasting
antitumor effects. In anticipation of synergistic antitumor
effects, we performed combination therapy with DCs and
IFN<x. gene-transduced murine colorectal cancer MC38 cells
(MC38-IFN-). DCs incubated with MC38-IFN-., "but not
neomycin-resistance gene-transduced MC38 cells (MC38-
Neo), effectively enhanced proliferation of allogeneic sple-
nocytes in vitro. In 12 of 17 mice, DCs in combination with
MC38-1FN-x prevented the development of a parental tumor,
while DCs and MC38-Neo did in only three of 17 mice
(P = 0.008). In a therapeutic model of an established parental
tumor, inoculation of DCs and MC38-1FN-u suppressed the
growth of the established parental tumors  significantly
compared with the administration of DCs with MC38-Neo
or naive splenocytes with MC38-IFN~. (P = 0.016 and 0.024,

respectively). Analyses of immunohistochemistry and tumor-
infiltrating mononuclear cells showed that CD8*, CD11c*,
and NK1.1* cells markedly infiltrated the established tumors
of mice treated with DCs and MC38-IFN-u. From the results
of observation of parental tumor outgrowth in immune cell-
depleted mice, CD8* cells, and asialo-GM-1* cells were
thought to contribute to the antitumor effects induced by the
combination therapy. Furthermore, MC38-specific cytolysis
was detected when splenocytes of mice inoculated with DCs
and MC38-IFN- cells were stimulated with MC38-IFN-u.
cells in vitro. Since DC-based immunotherapy in combination
with IFN-a-expressing tumor cells induces potent antitumor
cellular immune responses, it should be considered for
clinical application.

Gene Therapy (2006) 13, 78-87. doi:10.1038/sj.gt.3302608;
published online 18 August 2005
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introduction

Although therapies for malignant tumors including
operation, chemotherapy, and radiation therapy have
developed remarkably, the complete conquest of malig-
nant tumors has not been achieved yet. In addition, in
many cases, patients suffer from side effects of these
therapies such as fatigue, anorexia, pyrexia, infection,
and suppression of bone marrow. Thus, new anticancer
therapies that have more efficacy and fewer side effects
are required. The cellular immune response is considered
not to work functionally and sufficiently in patients with
advanced malignant tumors, and it has been reported
that some tumors escape immune surveillance by several
mechanisms.! To overcome immune suppression or
immune escape in patients with advanced malignant
tumors, many biologic therapies that aim at inducing
potent antitumor immune responses have been tried.
Dendritic cells (DCs) are potent antigen-presenting
cells that can elicit primary and secondary immune
responses to foreign antigens.>* Immature DCs express
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low levels of major histocompatibility complex (MHC)
class ], class II, and costimulatory molecules (CD80, 86)
that play important roles in T cell stimulation.* When
immature DCs capture and take up antigens, DCs
downregulate the function of antigen acquisition, but
upregulate MHC and costimulatory molecules. As DCs
mature, they will express higher levels of MHC and
costimulatory molecules and present antigens to antigen-
specific T cells and induce immune responses.*® Since
DCs are playing a crucial role in controlling immunity,
the use of DCs may be ideal for cancer therapy.* Recently,
various DC-based therapies have been tried to elicit
antitumor responses,®**® and DCs have been used for
therapy in patients with some malignant tumors such as
malignant melanoma, lymphoma, renal cell carcinoma,
pancreatic, and gastric cancer.’

Interferon (IFN)-o has been used to treat patients with
not only viral infections such as hepatitis B and C but
also some malignant tumors such as melanoma, renal
cell carcinoma, and leukemia. The effects of type I IFN
include antiviral function, enhancement of IFN-o/p
production,’”** and inhibition of cell growth and
angiogenesis.” In addition, IFN-a plays a crucial role
in the immune system. [FN-« upregulates the expression
of MHC class I on the cell surface and enhances the
proliferation of Thi-lymphocytes.*® Previous studies
emphasized the importance of IFN-« for the generation
of cytotoxic T lymphocytes (CTLs) in specific antitumor
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immune responses.”’* In addition, we reported pre-
viously that IFN-o transduction of poorly immunogenic
. tumor cells reduces tumorigenicity and leads to a long-
lasting tumor immunity,> and that IFN-a-expressing
tumor cells promote the survival of tumor-specific CTLs
by preventing apoptosis.**

IFN-o has been reported to induce the maturation of
DCs. Santini ef al.*® demonstrated that IFN-o upregulated
the expression of costimulatory molecules (CD80, 86)
and MHC class II (HLA-DR) and induced CD83
expression, which is considered to be a marker of mature
and activated human DCs. Then, they showed that DCs
gained a greater capability to stimulate the proliferation
of allogeneic lymphocytes in the presence of IFN-o.>®
Others have also reported the effects of IFN-a on
enhancement of DC maturation.?*?” However, it has also
been reported that IFN-« fails to induce DC maturation,
and that the presence of IFN-a prior to or during the
differentiation of DCs from the monocyte precursors
alters their response to maturation stimuli in the human
system.”®

In our previous studies, we demonstrated that IFN-«
gene therapy in combination with CD80 transduction
reduces tumorigenicity and the growth of established
tumors in poorly immunogenic tumor models,* and that
IFN-o has additive effects on suppressing tumor growth
in cooperation with interleukin (IL)-12.%® Costimulatory
molecules such as CD80 are highly expressed on the
surface of DCs, and IL-12 is produced mainly by DCs.
Therefore, the combined use of DC-based immunother-
apy with IFN-« gene therapy is considered reasonable.
Recently, Tsugawa et al.>® reported that combined use
of DC with adenoviral vector encoding IFN-a elicits
antitumor response in a murine intracranial gliomas

model. In this study, as a preliminary investigation of the
combined therapy, we investigated the effects of bone
marrow-derived DCs and IFN-a-expressing colorectal
cancer cells on the proliferation of allogeneic splenocytes.
Then, we examined whether DCs and IFN-a-expressing
tumor cells display synergistic effects on the induction of
antitumor immunity in a therapeutic model to evaluate
the possibility of applying this combined therapy to
clinical trial.

Resulis

IFN-o. gene transduction does not affect growth

of tumor cells in vitro

Each of the tumor cells (wild type (WT), neomycin-
resistance gene-transduced MC38 (MC38-Neo)-, murine
IFN-a~overexpressing MC38 cells (MC38-1FN-a)) with or
without y-irradiation were seeded at 5 x 10° cells/well in
six-well plates, and enumerated every day in duplicate
to compare the growth in vitro of the genetically modified
MC38 cells. The growth rates did not differ significantly
between MC38-WT, M(C38-Neo, and MC38-IFN-uo cells
within 72 h incubation (data not shown). Cell counts of
each tumor cell were decreased to approximately one-
third 48 h after 100 Gy y-irradiation.

When nonirradiated tumor cells were incubated
with DCs, cell growth of each tumor cell line was
almost the same with that of MC38-WT without DCs
(data not shown). DCs did not affect the cell growth of
tumor cell lines.

Anticancer therapy with DC and IFN-a-expressing tumor celi
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With the terminal deoxynucleotidyl transferase-
mediated dUTP-biotin nick-end labeling assay (TUNEL),
we found approximately 50% of the y-irradiated (100 Gy)
MC38 cells to be apoptotic 48 h after irradiation (data
not shown). The proportion of apoptotic cells after
y-irradiation did not differ between the genetically
modified MC38 cell lines.

Coincubation with MC38-IFN-o. cells does not enhance
cytokine production by DCs and phenotypic maturation

of DCs
The production of murine IFN-o by modified tumor cells

_or DCs was confirmed by enzyme-linked immuno-

sorbent assay (ELISA). Nonirradiated MC38-IFN-« cells
produced large amounts of IFN-o as shown in Table 1.
On the other hand, 100 Gy y-irradiated MC38-IFN-a cells
produced about half as much IFN-z as nonirradiated
MC38-IFN-a. There was no difference in IFN-« produc-
tion between the irradiated MC38-IFN-a cells alone
and DCs coincubated with irradiated MC38-IFN-«.
IFN-o was not detected in supernatants of MC38-WT
cells, MC38-Neo cells, DCs, splenocytes, and DCs with
MC38-Neo cells.

IL-18, IL-12, and TNF-a production by DCs was also
confirmed by ELISA. Enhancement of these cytokine
production was not observed when DCs were coincu-
bated with parental or genetically modified tumor cells
(data not shown). Expression of CD80, CD86, and I-A®
molecules on DCs was compared by flow cytometry.
Coincubation with genetically modified tumor cells did
not enhance the expression of those molecules (data not
shown). From these data, coincubation with parental or
genetically modified tumor cells does not enhance the
cytokine production by DCs as well as the phenotypic
maturation of DCs in this system.

Proliferation of allogeneic splenocytes is markedly

enhanced by coincubation with MC38-IFN-u. cells

To investigate proliferative effects of DCs and MC38-
IFN-« cells on allogeneic splenocytes, we performed cell
proliferation assays. As shown in Figure 1, stimulation
by both DCs and MC38-IFN-o cells markedly enhanced
the proliferation of allogeneic splenocytes compared
with stimulation by DCs alone or by DCs and MC38-
Neo (P=0.007 or 0.020, respectively). When exogenous
IFN-o was added to the culture of DCs and MC38-Neo
cells, the proliferation of allogeneic splenocytes was

Table 1 Production of IFN-¢ by genetically modified MC38 tumor
cells and DCs

Cell IFN-u production (ngf48 h)
DC Not detected
MC38-Neo Not detected
MC38-IFN-« 20.8+0.5
MC38-IFN-« (irradiated) 10.84+0.3
DC+MC38-1FN-« (irradiated) 11.0+1.1
Splenocyte+MC38-IFN-« (irradiated) 72406

A total of 1x10° DCs or splenocytes were incubated with or
without 1 x 10° y-irradiated (100 Gy) MC38-IFN-a cells in 5 ml of
CM in six-well plates. After 48 h incubation, concentration of IFN-«
in the culture supernatant was confirmed by ELISA according to the
manufacture’s protocol.
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Figure 1 Proliferation of allogeneic splenocytes is markedly
enhanced by coincubation with MC38-IFN-« cells. Proliferation of
allogeneic splenocytes is markedly enhanced by coincubation with
MC38-IFN-a cells. Purified DCs were incubated with y-irradiated
(100 Gy) MC38-Neo or MC38-IFN-« cells at a DC to tumor ratio of
10 for 2 days. The cells were y-irradiated (30 Gy) for the purpose of
using as stimulator cells. In some wells, exogenous murine [FN-«
was added at a concentration of 10ng/ml After allogeneic
splenocytes (5 x 10°) were incubated with the stimulator cells
(5 x10% for 3 days, cell proliferation assay was performed. This
experiment was performed twice with similar results.

significantly suppressed compared with the stimulation
by DCs and MC38-IFN-« cells (P=0.005). The results
suggested that MC38-IFN-« cells and DCs stimulate
allogeneic splenocytes more effectively than control
gene-transduced MC38 cells, and that continuous secre-
tion of IFN-x may be responsible for the proliferative
effect on allogeneic splenocytes in this system.

Inoculation of DCs and MC38-IFN-u cells prevents
development of parental MC38 tumors in vivo

We investigated the preventive effects of DCs and MC38-
IFN-¢ cells on the development of parental MC38
tumors. At 1 week after the second intraperitoneal
inoculation of DCs (or splenocytes) and the modified
MC38 cells, MC38-WT cells were inoculated subcuta-
neously (s.c.). 12 of 17 mice inoculated with DCs+MC38-
IFN-a cells did not develop parental tumors, although all
mice injected with only DCs or splenocytes had growing
parental tumors on day 28 as shown in Figure 2 and
Table 2. All these 12 tumor-free mice rejected the
subsequent parental MC38 cell challenge. DCs+MC38-
Neo and splenocytes+MC38-IFN-u cells also had pre-
ventive effects on the development of parental tumors
compared with splenocytes alone, although the preven-
tive effects were less than those of DCs+MC38-IFN-u.

CD8* cells and asialo-GM-1+ cells contribute

to the antitumor effects induced by DCs

and IFN-u-expressing tumor cells

We depleted immune cells using anti-CD4, anti-CD8, and
anti-asialo-GM-1 antibodies to explore the mechanism
of the antitumor effects induced by DCs and IEN-o-
expressing tumor cells. We depleted these immune cells
in vivo after inoculation with DCs and IFN-a-expressing
tumor cells. Then, MC38-WT cells were injected and the
WT tumor development was measured. When CD8* cells
or asialo-GM-1* cells were depleted, we observed
obvious growing WT tumors in those mice, whereas
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Figure 2 Inoculation of DCs and MC38-IFN-a cells prevents
development of parental MC38 tumors in vivo. Inoculation of both
MC38-IFN-o cells and DCs prevents development of parental MC38
tumor. Mice were injected ip. with 1x10° DCs or splenocytes and
1 x10° the genetically modified tumor cells twice at a 7-day interval
(days 14 and ~7). At 1 week after the final vaccination (day 0), the mice
were injected s.c. with 1 x 10° MC38-WT cells in the right flank. Each
experiment involved five or six mice per group. Results are reported as
(a) percent of tumor-free mice and (b) mean tumor area (mmn?). This
experiment was performed three times with similar results.

we detected no tumor in mice not depleted of any
immune cells (P =0.015 or 0.023, respectively, Figure 3).
On the other hand, in CD4* cell-depleted mice, the
antitumor effects induced by DCs and IFN-a-expressing
tumor cells- were diminished marginally. Thus, DCs
and IFN-o therapy seemed to stimulate CD8* cells and
asialo-GM-1* cells mainly in vivo.

Therapeutic inoculation of DCs and MC38-IFN-o cells
suppresses outgrowth of established parental MC38

tumors
We evaluated the therapeutic effects of DCs and MC38-
[FN-o. on established parental MC38 tumors. As shown
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Table 2 Preventive effects of inoculation with DCs and the
genetically modified MC38 cells on development of the parental
MC38 tumor

Preventive inoculation Number of tumor-free P-value of tumor

mice* areq®
Splenocytes 1/17 <0.001
Splenocytes+MC38-Neo 3/17 0.004
Splenocytes+MC38-IFN-« 9/17 0.471
DC 1/17 <0.001
DC+MC38-Neo 3/17 0.008
DC+MC38-IFN-o 12/17 —

B6 mice were inoculated i.p. twice weekly (days —14 and ~7) with
1 x10° DCs or splenocytes with or without the genetically modified
MC38 cells. At 7 days after the last injection (day 0), these mice
received subsequent injection of 1 x 10° WT tumor cells. Results are
reported as numbers of tumor-free mice on day 27 and as P-value of
tumor area on day 27. Five or six mice per group were inoculated
and the experiment was performed three times.

*Total numbers of tumor-free mice in three separate experiments.
bP-values of tumor area (mm?) in DC+MC38-IFN-« group against
that in each group in a representative experiment calculated with
Wilcoxon’s analysis.
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Figure 3 Antitumor effects of DCs and MC38-IFN-u cells in
immune cell-depleted mice. CD4* T cells, CD8" T cells, or asialo-
GM-1" cells were depleted by an antibody method as described in
the Materials and methods section. After DCs and MC38-IFN-« cells
were inoculated i.p. twice at a 7-day interval (days —14 and —7), we
depleted CD4* T cells, CD8* T cells, or asialo-GM-1* cells (days -5,
—4, and —3). At 1 week after the vaccination (day 0), the mice were
injected s.c. with 1x10° MC38-WT cells in the right flank. Each
experiment involved five mice per group. Tumor size was measured
twice a week using vernier calipers. Results are reported as mean
tumor area (mm?+s.e. The groups revealed in this figure are as
follows: vaccination(—), without vaccination; HBSS, any immune
cells were not depleted; CD4(-), CD4* T cells were depleted;
CD8(—), CD8* T cells were depleted; and asialo-GM-1(-), asialo-
GM-1* cells were depleted.

in Figure 4a, DCs+y-irradiated MC38-IFN-u significantly
suppressed the outgrowth of the tumors compared with
splenocytes alone (P=0.037). However, there was no
difference between the DCs+y-irradiated MC38-IFN-a-
treated group and DCs+y-irradiated MC38-Neo-treated
group. Next, we used nonirradiated MC38 cells in
anticipation of further therapeutic efficacy. DCs+non-
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Figure 4 Therapeutic inoculation of DCs and MC38-IFN-« cells
suppresses outgrowth of established parental MC38 tumors.
Therapeutic inoculation of both DCs and MC38-IFN-u cells has
synergistic antitumor effects on established parental MC38 tumor.
B6 mice were injected s.c. in the right flank with 1 x 10> MC38-WT
cells. At 7 and 14 days after WT inoculation, 1x10® DCs (or
splenocytes) and (a) 1x10° y-irradiated (100 Gy) genetically
modified MC38 tumor cells or (b) the MC38 cells without
y-irradiation were inoculated around the established parental
tumors. Each experiment involved six mice per group. Results are
reported as mean tumor area (mm?)+s.e. This experiment was
performed two times with similar results.

irradiated MC38-Neo or splenocytes+nonirradiated
MC38-IFN-« clearly suppressed the outgrowth of the
established tumors compared with splenocytes alone as
shown in Figure 4b. Moreover, DCs+nonirradiated
MC38-IFN-o had further suppressive effects on the
outgrowth of the established tumors compared with
DCs+MC38-Neo or splenocytes+MC38-IFN-o (P =0.016
or 0.024, respectively). Use of nonirradiated MC38-IFN-«
cells had an advantage over irradiated MC38-IFN-« cells
in therapy for the established parental tumors. These
results suggest the presence of synergistic antitumor
effects in the combination of DC-based immunotherapy
and IFN-o gene therapy on established parental tumors.
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Table 3 Immunohistologic analysis of established parental tumors
of mice treated with DCs and genetically modified MC38 cells

(A) Treatment CD4* cells  CD8* cells  CD1lc* cells
Splenocyte 52+1.1 38406 62426
Splenocytes+MC38-Neo 9.5+1.6 99+1.6 53+22
Splenocytes+MC38-IFN-« 72+1.3 134+24 13.04+4.3
DC 6.24+2.0 81+1.2 17.7+32
DC+MC38-Neo 123+1.6 195439 16.0+2.6
DC+MC38-IFN-a 159429  455+5.0 51.7+8.3
(B) Treatment ~ Dayl Day 3
DC+MC38-Neo 1.8+0.8 Not detected
DC+MC38-IFN-« 1.8+0.8 Not detected

(A) B6 mice were injected (s.c.) in the right flank with 1 x 10° MC38-
WT cells. On days 7 and 14, 1 x 10° DCs or splenocytes and 1 x 10°
y-irradiated (100 Gy) genetically modified MC38 cells were inocu-
lated around the established parental tumors. Tumor tissues were
harvested 3 days after the last inoculation (17 days after WT
inoculation), and were exposed to anti-CD4, anti-CD8a, and anti-
CD1lc antibody. Immunoreactive cells were counted in 10 fields
under a light microscopy ( x 400) in a blinded manner. Results are
reported as the mean number of positive cells +s.d. This experiment
repeated twice with similar results.

(B) After labeling with the fluorescent dye, PKH26, DCs were
inoculated around the established tumor. Tumor tissues were
harvested 1 or 3 days after the DC inoculation, and numbers of
the labeled DCs were counted in the tumor tissue under a
fluorescence microscope. Each experiment involved two mice per

group.

CcD8*, CD11c*, and NK1.1+* cells markedly infiltrated
the MC38-WT tumors of mice inoculated with DCs

and MC38-IFN-a. cells

We performed an immunohistochemical analysis of the
established parental tumors of mice treated with DCs
and MC38-IFN-«. Many mononuclear cells, especially
CD8* cells and CD11c¢* cells, had infiltrated the tumors of
mice that had received the combined therapy (Table 3A).
The CD11c* cells did not seem to be the injected DCs
because we detected only a few PKH26-labeled cells
infiltrating the tumor tissue 24 h after the inoculation
(Table 3B). There was no difference in the number of
PKH26-labeled DCs between the group of mice treated
with DCs+MC38-Neo and the group treated with
DC+MC38-IFN-¢ cells. In addition, more NK1.1* cells
were detected in the tumor-infiltrating mononuclear cells
of mice treated with the combined therapy (Table 4).
These results suggest that coinjection of DCs and MC38-
IFN-« induces potent cellular immune responses, which
includes recruitment of the host’s own DCs.

Tumor-specific cytolysis was clearly detected when
splenocytes of mice inoculated with both DCs and
MC38-IFN-0. cells were stimulated with MC38-1FN-u.
in vitro

To investigate the induction of tumor-specific immune
responses in mice treated with DCs and MC38-IFN-«
in vivo, we stimulated splenocytes of the mice with
MC38-IFN-« in vitro because our previous study showed
that MC38-IFN-o cells stimulate tumor-specific CTLs
in vitro efficiently.*® As shown in Figure 5, tumor-specific
cytolysis was clearly detected, although splenocytes of
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Table 4 Infiltration of NK1.1* cells in the established parental
tumors of mice treated with DCs and genetically modified MC38
cells '

Treatment NK1.1* cells (%)
HBSS 7.53
Splenocyte 3.86
Splenocytes+MC38-Neo 7.24
Splenocytes+MC38-IFN-« 11.54
DC 5.18
DC+MC38-Neo 4,67
DC+MC38-IFN-« 17.97

B6 mice were injected (s.c.) in the right flank with 1 x 10° MC38-WT
cells. On days 7 and 14, 1 x10° DCs or splenocytes and 1x10°
genetically modified MC38 cells were inoculated around the
established parental tumors. Tumor tissues were harvested 3 days
after this third inoculation (17 days after WT inoculation). Tumor-
infiltrating mononuclear cells were separated from tumor tissue,
and NK1.1* cell among these cells were stained and analyzed by
flow cytometry.

naive mice did not display any tumor specificity after
in vitro stimulation of MC38-IFN-u cells (data not
shown). These results suggest that the combined use
of DCs and MC38-IFN-« elicits potent tumor-specific
cellular immune responses in vivo.

Discussion

Several experimental therapies utilizing cytokine gene-
transduced tumor cells have been performed. The local
delivery of a high concentration of cytokine, which
reduces Systemic side effects, is implicated in the benefits
of these therapies. IFN-a-expressing tumor cells have
advantages in eliciting antitumor immune responses
over IFN-u gene-transduced nontumor cells such as
fibroblasts, because the expression of MHC molecules on
which tumor-associated antigens would exist is upregu-
lated,® and thus facilitate the recognition of tumor-
associated antigens on MHC molecules of the transduced
cells by tumor-specific T cells. However, for clinical use,
patients’ own tumor tissues are required to make
genetically modified tumor cells. Effective transduction
system is also needed to establish modified cells, which
produce a large amount of the target cytokine.

DCs have been used widely for biologic therapy in
cancer because of their physiologic roles in initiating and
modulating the host’s immune response. For therapeutic
use, DCs are usually pulsed with tumor-associated
antigen by incubating them with synthetic peptides
corresponding to a known epitope, tumor lysate, or
apoptotic tumor cells. A fusion technique to make
hybrids of DCs and tumor cells is also performed for
DC-based cancer therapy. In some trials, DC-based
therapies resulted in better clinical courses compared
with conventional therapies, such as chemotherapy
and/or radiation therapy, without any severe side effects
even in patients with advanced malignant tumors.

Induction of potent, long-lasting tumor-specific
responses is crucial for preventing tumor enlargement
and maintaining a tumor-free state. Both DC-based
immunotherapy and IFN-x therapy have been widely
evaluated, and antitumor effects induced by each
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Figure 5 Tumor-specific cytolysis was clearly detected when
splenocytes of mice inoculated with both DCs and MC38-IFN-«
cells were stimulated with MC38-IEN-a in vitro. Tumor-specific
CTLs were clearly induced from splenocytes of mice inoculated
with both MC38-IFN-a cells and DCs. Mice, which received
injection of MC38-WT on day 0 and subsequent therapeutic
injection of DCs and MC38-IFN-« on day 7, were reinjected with
3x10° MC38-WT on day 50. After 2 weeks, splenocytes were
incubated with MC38-IFN-« cells. After 7 days, responder cells were
restimulated with irradiated MC38-IFN-¢ cells and irradiated
syngeneic naive splenocytes in the presence of 50 IU/ml recombi-
nant IL-2. Cytolytic assay against MC38 or YAC-1 cells was
performed at indicated E:T ratios 7 days after the stimulation using
the responder cells as effector cells. Results are reported as mean
%cytotoxicity+s.d. This experiment was performed twice with
similar results.

therapy, especially the induction of potent T helperl-type
immune responses, have been reported. Recently, Okada
et al® reported that IFN-u-transfected DC showed
marked antitumor effects against central nervous system
tumors. Since IFN-a therapy is supposed to have
additive or synergistic antitumor effects in cooperation
with DC therapy, we investigated the efficacy of the
combined therapy of bone marrow-derived DCs and
IFN-¢-expressing tumor cells in the present study.

When exogenous IFN-¢ was added to the culture of
DCs and MC38-Neo cells, the proliferation of allogeneic
splenocytes was significantly suppressed compared with
the stimulation by DCs and MC38-IFN-u cells (Figure 1).
In this experiment, we added 10 ng of IFN-« in the DC
and MC38-Neo culture at the beginning of cultivation
because the same number of MC38-IFN-« cells produces
approximately total 10 ng of IFN-a for 48 h. Since it has
been reported that IFN-a has suppressive effects on cell
proliferation, 10ng of IFN-x might be too much to
observe proliferation of the allogeneic splenocytes. We
observed less antiproliferative effects of IFN-o at the
concentration of 1 ng. Furthermore, we could not observe
DC maturation by coincubation with MC38-IFN-« cells.
Thus, we hypothesize that continuous supply of small
amount of IFN-o might be effective on the proliferation
of allogeneic splenocytes. We are planning to use IFN-o-
expressing fibroblasts instead of MC38-IFN-u cells to
evaluate this hypothesis.

Anticancer therapy with DC and [FN-a-expressing tumor cell
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DCs coinjected with MC38-IFN-« cells prevented the
development of parental tumors effectively in mouse
model experiments. Therapeutic injection of DCs with
MC38-IFN-u cells also suppressed the outgrowth of
established parental tumors. Although IFN-o has a
suppressive effect on cell growth, the proliferation
of MC38-IFN-u cells was almost the same as that of the
parental tumor cells. Cell numbers (survival) and the
proportion of apoptotic cells among MC38-IFN-o cells
after y-irradiation were almost the same as those of
MC38-WT or MC38-Neo cells. Thus, IFN-x¢ gene trans-
duction did not affect the growth, viability, or sensitivity
to y-irradiation of the M(C38 cells in vitro in this model.
Furthermore, our previous data suggest that an anti-
angiogenic effect is not induced by inoculation of IFN-¢-
expressing MC38.2° Therefore, antitumor effects induced
by coinjection of DCs and IFN-a-expressing tumor cells
in this study are thought to be due to the host’s immune
responses. These interpretations are supported by the
immunohistologic analysis, experiments in mice
depleted the individual immune cells, and investigation
of cytolytic activity using splenocytes of mice treated
with the combined therapy. These experiments showed
that CD8* cells and asialo-GM-1* cells contributed to the
antitumor effects induced by DC and IEN-o therapy, and
host’s DCs also seem to be involved in the effects.

In the present study, we inoculated therapeutically
DCs admixed with M(C38 cells, but not DCs preincubated
with MC38 cells in vitro before injection, because a simple
procedure is better for clinical use. In addition, since we
lost many DCs after in vitro cultivation, and we could not
recover enough DCs to use for the therapy. We thought
it better to avoid loosing DCs, as it is often difficult
to obtain many DCs from patients with advanced
malignant tumors.

In general, as a live tumor vaccine may lead to the
establishment of new tumors and metastases, it may be
difficult to use in a clinical study. However, we tried to
perform therapeutic inoculation of live MC38-IFN-« cells
because almost all mice inoculated with these cells were
free of tumors in our previous study.?® We demonstrated
the preferable effects of nonirradiated to y-irradiated
MC38-IFN-« cells on established tumors. The difference
of antitumor effects between y-irradiated and nonirra-
diated MC38-IFN-« cells might be due to the amount of
IFN-« secreted by these genetically modified tumor cells
after injection. Now, we are trying to establish new MC38
cell lines, which produce less IFN-a to compare the
antitumor effects of the MC38-IFN-« used in this study.

To promote immune responses in vivo, DCs capture
antigens at peripheral tissues, and then migrate to lymph
nodes where T cells are activated and stimulated by
mature DCs presenting tumor-associated antigens. In a
previous study, some DCs migrated from the tumor site
to draining lymph nodes within 24 h after inoculation.®
The expression of CC chemokine receptor-7 on the DCs
may be upregulated by coincubation with apoptotic
tumor cells as reported previously,® facilitating the
migration to lymph nodes. As we observed that few
DCs infiltrated the tumor tissue 24 h after the inocula-
tion, the inoculated DCs would have migrated into
draining lymph nodes. However, we could find only a
few tiny swollen lymph nodes in mice treated with
coinjection of DCs and genetically modified tumor cells
in the present study, and could not prove the migration
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and maturation of the injected DCs in lymph nodes.
Additional studies are required for further understand-
ing of the transfer of DCs in this system.

Although the combined use of DCs and IFN-a-
expressing tumor cells reduced parental tumor growth
significantly, we did not observe any eradication of
established parental tumors using this therapy. More
effective modifications of the therapy, such as the
administration of immunoadjuvants, or other cytokines
may be necessary before clinical use for patients with
immunesuppression. A new therapy to use DCs,
irradiated MC38-WT cells and IFN-u-expressing fibro-
blasts is under investigation in our laboratory. From our
results, immunotherapy by combined use of DCs and
IFN-« may be a candidate for clinical cancer therapy,
although further investigation is needed to augment the
effectiveness.

Materials and methods

Mice

Female C57BL/6 (B6) and BALB/c mice 6 to 8 weeks old
were purchased from Sankyo Lab Service (Tokyo, Japan)
for use in experiments at ages from 8 to 12 weeks. Mice
were maintained in an animal care facility at Showa
University. This study has been approved by the Ethical
Committee for Animal Experiments of Showa University.

Cell lines, culture medium, and reagents

The MC38 murine colorectal adenocarcinoma cell line
(B6 mouse origin) and the YAC-1 lymphoma cell line
were maintained in RPMI 1640 medium supplemented
with 10% heat-inactivated fetal calf serum, 2mM
L-glutamine, 1001U/ml penicillin, 100 ug/ml strepto-
mycin, 10 mM HEPES buffer, 1 mM minimum essential
medium sodium pyruvate, and 0.1 mM minimum essen-
tial medium nonessential amino acids (complete med-
ium, CM) in a humidified incubator with 5% CO, in air
at 37°C. All cell culture reagents were purchased from
Life Technologies {Gaithersburg, MD, USA).

Retroviral transduction and genetically modified tumor
cell lines

Tumor cells were transduced using retroviral vectors
according to standard protocols® and selected for
antibiotic resistance in culture medium containing
0.5 mg/ml. G418 (Sigma, St Louis, MO, USA). The
MC38 cell line genetically modified to produce IFN-o
(MC38-IFN-o) was established as described previously.®®
Expression of murine IFN-« was confirmed by ELISA
using a commercially available kit according to the
manufacturer’s instructions (mouse IFN-o ELISA, PBL
Biomedical Laboratories, New Brunswick, NJ, USA).
MC38 cells expressing the neomycin-resistance gene
following retroviral transduction with MFG-Neo
(MC38-Neo) were used as control cells.”®

Characterization of y-irradiated tumor cells

y-Irradiation (100 Gy) was performed with Gammacell
3000 Elan (Nordion International Inc., Kanata, Canada).
After irradiation, MC38-IFN-u cells (5 x 10° cells) were
incubated in CM in six-well plates, and were enumerated
every day in duplicate. Cell numbers in each well were
determined microscopically. To detect the apoptosis of
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tumor cells induced by y-irradiation, TUNEL was
performed using an APO-DIRECT™ Kit (Pharmingen,
San Diego, CA, USA). To determine the changes of IFN-a
production with y-irradiation, the culture supernatant of
1 x10° irradiated tumor cells was examined using the
IFN-o ELISA 48 h after y-irradiation.

Phenotypic change of DCs and cytokine production
by DCs after coincubation with MC38-IFN-u

To evaluate DC maturation induced by coincubation
with MC38-IFN-a, expression of surface molecules on
DCs were examined using fluorscein isothiocyanate
(FITC)-conjugated anti-I-A® CD80, and CD86 monoclonal
antibody (Pharmingen). Furthermore, cytokine produc-
tion by DCs was detected by ELISA using a commer-
cially available kit according to the manufacturer’s
instructions (mouse IFN-a ELISA obtained from PBL
Biomedical Laboratories, and Endogen mouse IL-1f
ELISA, mouse 1L-12p70 ELISA, and mouse TNF-o ELISA
obtained from Pierce Biotechnology Inc., Rockford,
IL, USA).

Preparation and purification of DCs

DCs were generated as reported previously with some
modification.?® In brief, bone marrow cells were obtained
from the femurs and tibias of B6 mice. After treatment to
lyse erythrocytes, the bone marrow cells were depleted
of. B- and T-lymphocytes with anti-B220 (RA3-3A1/6.1,
TIB-146; American Type Culture Collection (ATCC),
Manassas, VA, USA), anti-CD4 (GK1.5, TIB207; ATCC),
and anti-CD8 antibodies (2.43, TIB210; ATCC) for 1 h on
ice, followed by a 30-min incubation with rabbit
compliment (obtained from Cedarlane, Hornby, Canada).
The recovered cells were put in six-well plates in 4 ml of
CM at a concentration of 1 x 10¢ cells/ml and incubated
overnight in 5% CO, in air at 37°C. After overnight
incubation, nonadherent cells were harvested, and put
into flasks in CM containing 50 ng/ml each of murine
GM-CSF and IL-4 (both were obtained from Pepro Tech
EC, London, UK) at a concentration of 1.5 x 10° cells/ml.
After 7 days, nonadherent cells were harvested, and
were centrifuged at 200g for 10 min. The cells were
washed with Hank’s balanced salt solution (HBSS; Life
Technologies) supplemented with 0.5% BSA, and then
were incubated with anti-CD11c (N418)-magnetic beads
and passed through a positive selection column (Type
MS+) in a magnetic field (MACS; Miltenyi biotec,
Bergisch Gladbach, Germany). After rinsing, the column
was removed from the magnetic field, and CD11c" cells
were eluted from the column and washed with HBSS
before use. The cells were 80-90% CD1lc positive after
selection with the MACS system.

Proliferation of allogeneic splenocytes after stimulation
with DCs and genetically modified MC38 cells

Purified DCs (2 x 10°) were incubated with y-irradiated
(100 Gy) MC38-Neo or MC38-IFN-u cells (2 x 10%) in CM
(2 ml). In some wells, exogenous IFN-« was added to the
culture of DCs and MC38-Neo cells at a concentration of
10 ng/ml (corresponding to the amount of IFN-u
secreted by 2x10° y-irradiated MC38-IFN-a cells for
48 h). After incubation for 2 days, the cells were washed
twice with HBSS, and were y-irradiated (30 Gy) for use as
stimulator cells. Then, allogeneic splenocytes (5 x 10°)
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obtained from BALB/c mice were incubated with the
stimulator cells (5 x 10%) in a 96-well plate for 3 days. To
investigate the ability to stimulate allogeneic splenocytes
of the DCs incubated with the genetically modified
MC38 cells, a cell proliferation assay was performed with
the MTT Proliferation Assay kit (ATCC) according to the
manufacturer’s directions.

Preventive effects of inoculation with DCs and
genetically modified MC38 cells on development

of parental tumors in vivo

B6 mice were injected intraperitoneally (i.p.) with 1 x 108
DCs (or splenocytes) and 1x10° y-irradiated (100 Gy)
genetically modified MC38 cells twice at a 7-day interval
(days -14 and -7). At 1 week after the final vaccination
(day 0), the mice were injected s.c. with 1 x 10° MC38-WT
cells in the right flank. Each experiment involved five or
six mice per group. Tumor size was measured twice a
week using vernier calipers. Mice with ulcerated tumors
or tumors larger than 20 mm in diameter were killed.

Antitumor effects of DCs and MC38-IFN-u. cells

in immune cell-depleted mice

To determine the role of the immune. system in the
reduction of in vivo tumor growth in the establishment
model, CD4* T cells, CD8* T cells, or asialo-GM-1* cells
were depleted by an antibody method as we performed
previously.? Culture medium from hybridomas produ-
cing the following antibodies was used at appropriate
dilutions/concentrations: anti-CD4 (GK1.5, TIB207;
ATCCQC) and anti-CD8 (2.43, TIB210; ATCC). For depletion
of asialo-GM-1* cells, anti-asialo-GM-1 was obtained
from WAKO (Osaka, Japan). All antibody doses and
treatment regimens were determined in preliminary
studies using the same lots of antibody employed for
the experiments. Treatment was confirmed to delete
completely the desired cell population for the entire
duration of the study, as determined by flow cytometric
analysis (data not shown). After DCs and MC38-IFN-«
cells were inoculated i.p. twice at a 7-day interval (days
—14 and -7), we depleted CD4* T cells, CD8" T cells, or
asialo-GM-1* cells (days —5, —4, and -3). At 1 week after
the vaccination (day 0), the mice were injected s.c. with
1 x10° MC38-WT cells in the right flank. Each experi-
ment involved five mice per group. Tumor size was
measured twice a week using vernier calipers.

Therapeutic effects of DCs and genetically modified
MC38 cells on established parental tumors in vivo

To evaluate therapeutic effects of DCs and the modified
MC38 cells on established wild-type tumors, we mea-
sured the size of established MC38-WT tumors in mice
before and after treatment with DCs and the modified
MC38 cells as described previously® B6 mice were
injected s.c. with 1 x 10° MC38-WT cells in the right flank.
At 7 and 14 days after the WT inoculation, 1 x 10° DCs
(or naive splenocytes) and 1x 10° genetically modified
MC38 cells with or without y-irradiation (100 Gy) were
inoculated s.c. around the established parental tumors,
which had reached 9-25 mm? in size. Each experiment
involved six mice per group. Tumor size was measured
twice a week using vernier calipers. Mice with ulcerated
tumors or tumors larger than 20mm in diameter
were killed.
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Immunohistologic analysis

B6 mice were injected s.c. in the right flank with 1 x 10°
MC38-WT cells. On days 7 and 14, 1x10° DCs or
splenocytes and 1 x 10° genetically modified MC38 cells
were inoculated around the established parental tumors.
Tumor tissues were harvested 3 days after the last
inoculation (17 days after WT inoculation), and were
immediately embedded in optimal clotting temperature
(OCT) compound (Tissue Tek, Elkhart, IN, USA) and
frozen. Serial 5-um sections were exposed to anti-CD4,
CD8a, and CD11c antibody (Nippon Becton Dickinson,
Tokyo, Japan). Rat IgGG2a (Nippon Becton Dickinson) was
used as a control antibody. Immunostaining was com-
pleted with a Vectastain ABC kit (Vector, Burlingame,
CA, USA). Immunoreactive cells were counted in 10
fields using a light microscopy (x400) in a blinded
manner. To observe the localization of the injected DCs in
the established tumors of mice that received the
combined therapy, DCs were labeled with a fluorescent
dye using a PKH26 red fluorescent cell linker kit
(obtained from Sigma-Aldrich Japan, Tokyo, Japan).
After labeling, DCs were inoculated around the estab-
lished tumor. Tumor tissues were harvested 1 day or
3 days after the DC inoculation, and the labeled DCs in
the tumor tissue were enumerated under a fluorescence
microscope. Each experiment involved two mice per

group.

Analysis of NK1.1* cell infiltration in established
parental tumors :

B6 mice were injected (s.c.) in the right flank with 1 x 10°
MC38-WT cells. On days 7 and 14, 1x10° DCs or
splenocytes and 1 x 10° genetically modified MC38 cells
were inoculated around the established parental tumors.
Tumor tissues were harvested 3 days after this third
inoculation (17 days after WT inoculation). Tumor-
infiltrating mononuclear cells were separated from
tumor tissue as reported previously.”® The cells were
washed three times with CM. Flow cytometric analyses
were performed using FACS calibur (Becton Dickinson)
to analyze the phenotype of tumor-infiltrating mono-
nuclear cells of mice treated with DCs and genetically
modified tumor cells. Monoclonal antibodies used in this
analysis were FITC-conjugated anti-NK1.1 antibody
(Becton Dickinson).

Induction of MC38-specific CTLs from splenocytes

of mice immunized with DCs and MC38-IFN-o. cells
by stimulation in vitro

Tumor-free mice, which received injections of 1 x10°
DCs and 1x10° MC38-IFN-¢ on days 0 and 7, and a
subsequent injection of MC38-WT (1 x 10° cells) on day
14, were reinjected with 3 x 10° MC38-WT on day 50.
After 2 weeks, splenocytes were harvested and, 2 x 10¢
splenocytes were incubated with y-irradiated MC38-IFN-
a cells (100 Gy, 2 x 10° cells/ml) in 24-well plates. After 7
days, responder cells (1 x 10° cells/ml) were restimulated
with irradiated MC38-IFN-o cells (100 Gy, 1 x 10° cells/
ml) and irradiated syngeneic naive splenocytes (30 Gy,
1 x 10° cells/ml) in the presence of 50 IU/ml of recombi-
nant mouse IL-2 (Becton Dickinson). Cytolytic assays
were performed 7 days after the last stimulation using
the responder cells as effector cells.
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Cytolytic assays

Tumor-stimulated effector cells were assessed for cyto-
lytic activity against MC38-WT and YAC-1 cells in
triplicate in 4-h ®'Cr-release assays. Target cells (1 x 10°
cells/ml) were labeled with 100 uCi of Na, °'CrO,
(Amersham Pharmacia Biotech, Tokyo, Japan) for 1h at
37°C. Labeled cells were washed and resuspended.
Target cells (5x10° and various numbers of effector
cells at indicated effector to target ratios (E:T) were
plated in 200 ul of CM in each well of the 96-well round-
bottomed plates. **Cr-release was measured after a
4-h incubation at 37°C. Percent lysis was determined
using the formula: (release in assay—spontaneous
release) x 100/(maximum release—spontaneous release).
Maximum release was determined by lysis of labeled
target cells with 1% Triton X-100. Spontaneous release
was measured by incubating target cells in the absence of
effector cells, and was less than 15% of maximum release.

Statistical analyses

Significance was assessed with Student’s f-test or
Wilcoxon’s analysis. Differences between groups were
considered significant when the P-value was lower
than 0.05.

Abbreviations

DC, dendritic cell; TFN, interferon; MC38-IEN-«, IFN-a-
overexpressing MC38; M(C38-Neo, neomycin-resistance
gene-transduced MC38; MC38-WT, MC38 wild type;
MHC, major histocompatibility complex; CTL, cytotoxic
T-lymphocytes; IL, interleukin; B6, C57BL/6; CM, com-
plete medium; ELISA, enzyme-linked immunosorbent
assay; TUNEL, terminal deoxynucleotidyl transferase-
mediated dUTP-biotin nick-end labeling assay; ATCC,
American Type Culture Collection; HBSS, Hank’s
balanced salt solution; FITC, fluorescein isothiocyanate;
OCT, optimal clotting temperature; E:T, effector to target
ratio.
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Key words #EfRfESM TH#a ~J/x—T#Hfe FASHETHEE FF170x5-82 Y1 bh1

—MRICAIARD 17 IV RIC LB EHEREREESE, D1V RBENEETBREBEE
T25EVDLUL, BEBSSOMEEEMN TR CTL B EDRBBRRND
AV REERATBRR Z HRR T B ICOICAT MBI = WIET D, SODRENEDBR
ELBEENTVDE. HRDANVABEOXRTF FE2RFENICREF TS CTL
(ED A RFARBEDHFEARAVPREMDICABHSTHEEL TOBD I EHLUE]
DEMESNTOBY, INOEFRD1IVIEBRN CTLIE DAV RBEh%E R
BT BEDETEILEMABFECAD LD —AT, FHBREEIEL TRADEME
PEEICEBEEL TOWS EEZBND.

HCV BEROFFHAL ORI DWTIE, HCV IS L TEERD R SHEREIC /KRB
BHd &N, HOV BBV REEB AL TEBEELL TOWBE I ERED
BESNTWD. &1, NEVPEFETIEHCV HRFENIE L, BICHBBERD
READEPRREDL 7 U T— VB E & U RBHEBICESH A ONBIRETITHRR
KFETTEZENTNETICHDNTETRY, BEORESEDRSHD
AWAFROERAXESEETDEEZAOSND. LIcH>T, D1 RHA
(CRTBDEEDRBICEZRRL, D1V RFFROFRIEMED D1 U DAL
REIEEH DM EHEERE % SHBICRITT B &, DAV ADERRPIADRR
2280 ELIEEFEOEIL, SOICEDA IV RAREROFIHEDRERICKER
BEZTED.

ARETE, INFTICRESWNICHRYE, RESNTULD HOV ICHTHLER
DHRBIGEZ DO, CEBIRICBITSAEEDOREERY, HCV OEHAR
BH S OREBHERE R E(CDEIIHNDB.

PBRAEEFENE 2 AREEE  THE 8
0371-1900/05/%¥50/ E /ICLS
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RRIZB AL ZHCV & 50

IFN-aizk 3
y oA VAER

SRR

HCV Rt Aa

>—“" <4__ IFN- e 4
é
, TNF-aizt?
) —
R IL-2
IFN-vy
EE
N
N—7 41) v, Fas J !
1 VAR, TRIAL -
IL-12/FE4
(ThliEMH:AL)
MERR '
IL.-12
(HpapEE

G 54)

IN—7 31, Fas
AR, TNF-alZ

FBHCVHEMN
HfafEE

1 HCV BEICH 5RO EEISE

I. HCV BRI T 3 RENE

1. IEEEIIREICE

HCV &4tk T9HEENTE, for 4 v
gt L el A IR RMINEDHEL 5 (1),
HCV B, HCV (B L7 FHfe e mgy
% R L 72 T E A R AR IR A (plasmacytoid
dendritic cell) R EPSEEINLS V=T =
1 (interferon ; IFN)-a/B(IZIIFN) 2L D
T A N ZORFEII KA 5B, TEIIFN 13
2-5F)ITTVREBBERLR L FEL
HCV OHSFH A I 5 132, BHRHIR 2 SHUR
A BV T e b BIMEREUE (human leuko-
cyte antigen ; HLA) Class I - Fo i = Hgid
S AHEHARR, FF 27 F T — (natural killer

; NK) #BE, CTL 7 & ORsiile % i b S &
AIER 7% L ORIEEEEIEH AT 5. IFN-«
2 & DIEEEIL L7 NK #ifaid HCV 123G L 72T
Mlez Bk LEELR 3. Al BEL 2
B Z ENZ X0 R A ST o B REREIRHARE (myel -
oid dendritic cell) i%, NK #lfg<, NK figs T
MR O E OMHE & FH FRIC S CHFET 5
NKT flfa 2 &b L, #h o offifaid IFN-y %
ZEIZDWT D, EHIZ, IFN—yid<wr0 77—
T OIEL 2 L, BATORIESUG & BT 5.

2. HCV $#5EAVIREREss

HCV BRI BT, LEEOFEFENRIELE
W& DR A NADP AR SR T E 2
ViR, FRRECENFEINES SR A YA
W ADPEGED AR S NS,
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2. BHIRMBRRIL AT IS
DIRAY: (TN >4 )

C BIFF RO FAEMT & HOV 38 505

e
Yaft | gt e
ARSI Py rorweer
@ HCVIZ R 7

e at5E

| 5. iEELLECTL AT B 1)

-

ANV —

THEkE

CD40") %'~ K /CD40

SCoo ©@ oo o

CD28/CD80, CD86 o o)

A B4 D DG

CTL

" CD80,CD86/CD28

4. BCFR L2z iR HRa o kY

CTLASTEMEAL
3. REEfEA L/ — THIRA O B & ¢
HCVHUE % & +5 BHRAIIA 0 B Y y
AN

2 HCOV#HBRMMBESH T HMIEOSS
CTL ; ¥ile & T Mg, TCR; T MM L+ 7% —, MHC; major histocompatibility

complex

1 B~ Jvs3— T #B3 (type I helper T ; Thl)
X, T4 IVARRERR CTL < NK #iia 7 E ol
HRIEDFERLIE I EE 2 RE 2. B
SABERHIRZE, R CREI L 727 A v A BT
Ha7Zz &6 HCV JUR ZBUY ;AL L FTE Y 2 3Ef
WZHEFEY A, ) VBT CEREN IR T &
SEB 2 S R L2 S 2 0, T
MRS 2 WAL 3 5. BHRMIAE I, RE O HLA
class I4F IR 8 N7z HCV PUR #3854
B RBLEANN 23— T i (helper T ; Th) % #lliE
UIEH bS5, U2 X DIFH(L L7 Th 4l
&, CDA0 > FEFEHRL, 511 ba g
YR B L TRITHIIE A & S ICEEYL, TR
LSS, FICERRBHIRIR LT 5 1

& —1 4 ¥~ (interleukin ; IL) -12i%, BAES
72 Th fiflg = Thiflifgico4t, FEL, F0E
ThIMEAEIZ IL-2%° [FN-y % EEA L C CTL % NK
MRS RIBL, EHLeEgEEd. 2#hoick
) REAE CTL (3BHIRMIRE SRR 5 HCV PUE
ik L, FIOTEBIEINS, BIELIE LS
72 HCV $FERY CTL 131 /S8 & BN SRR 12 3
EL T, HCV TR L /-l nFRE 123 5 HLA
class IFEICHREN-HCV bR 23058 1,
G DHINEIE A FFEST 2 Z LI L DAV
R % (X2).

HCV B4 T CTL LB DS 4 )V A DYEsiE % Yk
LTWAHZEWRESNTEBY, FIEGEC BT
B A WAHRRIZIE Y A v AR E CTL OFFE
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PEETHLEMESNTWA, HCV L
7oREBITIE, BERRTR3SAE &) BEIRICHh 20
HCV 123§ 5 CD4* % CD8Y T Ml DEEH5FE
HHENBLIEDHRESNTVAEY, 2Dk,
JF9577 A b A JEGURE DB e MR P I S
U acid, YA VAIESICER S S, L
L, HCV B TIAERTORBEILE DS —IKIZ
g7z, HCV IZ X A BMEFECFEEDOR
ErER L, BRI L T EZZ H5hTwn
B, FRUISLT, FERISTRVIIEINEDHE S
nok, BIENEL COEREZEELT| &S
THREMMNH B, ZD L DI, HCV E& HCV
LR CTL iGN T v 228 ) 8 F SF 428
EOEEIFRIN ) HEEZLNL.

F 72, C RMBVEATACIEMAL L7 £V A HER
19 CTL (3Tl ERE L TR Y, VA IV ADYESE
P & FFREEIC S LTV A 2 E SRR S hCn
b, F7z, HCV 047\ C RUEHIFREET
CRABILAC b HOV HRERY CTL 2t &,
SBDOTANVAD T M EHH 5 VIZHEEL
TWAHDDEFEZONTWVDY, CRIFAIGEIE
BlE ThIBRICH B L Vb TWAD, F4E, C
RS LB LN TWAE Y NEY ¥
(BRGNP —V®) L, BEORZEINEE Th2
5 ThMEFLICZ L& B T LA, Ly 4 VAR
BoO—DOWFEEEZ ONTWA,

0. CTL ® HCV EZATHRZ(C
XY B EEERE

et U 7RIS & 0 s S L L7
7 AV ASFRE) CTL 3ERE O T Ml a Rz &
D, AN ARG ORI ICIFES A HLA
class I F&FDLEIZRRENTVS 8611
BT I BE Y %257 4 WAFIRERTF FEFR
L, MRS 5/8—7 1 1) ¥ 2,
iz 78 N — Y A O 2 PR T
A B, RBRTH B AV ARG
LCHlasE &5l &4, S5, EEL

CTL & Fas V) % 7 K% tumor necrosis factor
(TNF) -« D53R D 5 UERHIRE O EE 2D
B 28—=T 5 ) VETE A LT T OMIHIE
EEJEEZRT DY, Fas U A ¥ R TNF-ald %
o DOZERE FFH D S HHRED AR
ST A, EEOFMAEIL Fas U T ¥ FR
TNF-elZxt U CIRILE R R 925, —F, LR
D IR D R A TR ERL CIFIILO Fas
PUE R TNF BEDFEEIEM L TH D, Fas
JA Y B TNF-al2tf L TORZELEE o T
WBIZENEZLNS. Fas R TNF-a %L
7o HRAPEENR IS S— 7 4 1) 2 LT A S g
EERIEND OO, HHLL72CTLIZZh
S0R%E N L CESED S o727 A WV AFEREG
WRaZ dEETLEEZLNS (H3)Y.

Il. HCVO7 I /JBERIZLD
HRREEIE D S Dk

HCV 1L, BOD7 I VERICERARI 8%
FUVIRNA B 25— FOVERRE W EREEIC X
D, ERRICEFEE RS A TOHCV BFFAET
BEVH ST VA -V AREEL, BEORE
RIS S OB KA TV A, FURKEEERS
T HNaASRES T AR LY h—T7 D7 I VBEe %
BEFDLZEICLY, B A VA BEICHES
T&7% %A Ik, HCV FEM CTL Y8z
AT ELRWESICTAZ L, CTLIZFLV S
VAERFET LI L, HEHVITRBAECTL 2R
PRSI T A LR EIZL Y, EERORER
EDHIN TSI EDEIN TS, 51,
7T Y A = ¥ RIS MR DG % T FRIC
T5Z &AM b B2 RITT L&
ZbLA.

1. &RMERE D S DUk

—f&1Z, AV AR PRI R O
A W ADPERNAER T 55, HCV OWIEG) 5
437 HHIBUAAEAE S B F CICISREREAS
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1. ABRapE A T Al A
HC VAT B
ILEHET 5.

BIFRORIERF & HOV #35E 507

TNF-«a

IN=T ) v
7 A
Fas A& F

Fas'JHF

2.MHC class I FIZ#8R
SN Z2HCVHLIE #3054
UHC VIR AT R 215
E553.

3. REEDH 5N 3 EL TI3
Fas ')A K, TNF-allk
2 A H ZHCV FEREG
lat g +3.

3 HCV %S ZEivimiaRe®t: T8I & 2 FHEtEs

5 &6, HCV HFIHUKIE 7 A 0V 2 FIgec
BUBTANZHRE VD L), ZREROTH
KBS LTWwa EE2 5NTwWA, HCV E2%HIS
? hypervariable region 1 (HVR1) D7 I /B
RiZEDOTERTH Y, FRTEE SIS B
PURIZ X 38580 & sk TR B 5 L T
LHEINTWE, LL—F, Fo/30V—TD
HCV GEEERClE, HVR1 IZERIZA S LTI
P RRE LTV LOHELH D, B24E
BDBEE G DFFFA IR & 2188 % 7 L C
WhHDP BT AER b 5.

2. HHRZIERE D 5 Dk

HLA class I & AWt class TH#HEME T #0i
DIY b —TDOERIE, HCV BSFlaoHES:
WA Z & & ) B OB LICE ST A TR
MWhido . ThETOMIETH, BIHCV D7
O—= 702k, CD8* CTL D=1 TA 7
I BERIRD SN TWA,. $7-, HLA-DRB1
IR NSSHED R T F F 424 5 Thl ¥
ATDTHBICHL, SO F—7HD 1D

DT IBRICEEIRI B E, DT HHA M
A YA Th1Z A4 756 Tha ¥ 14 FIZBL L7~
EAERE SN,

—77, HCV B33 5 9HA0 CTL igii %
FRTHY, —2DLY b —TOBEOATEFAL
BRHATE LW EDIFE DL, 25—
25 Y MIFRRERERORR & v LY, i
BROIERE R COBTEEME L TETE 20,

N. HCV B & 2 GGz OMEEHHI

PUHCV PiffidRgt 2 ~ 4 5 BRI ORHE
Y, S HICPURIERN T HOV Bgeidiss: L
FRIBHETT 5. T/, HBAHREICBNTY,
BVENIZZHS T MIRSEAE0 5N 5 DS,
BT 2 & 2 DIBITBIFNCEEIL T LT 5.
FFANZIZZ 50 HCV $¥2H CDS* T M) 1L
LTIEWS DD, HCV #HHRTE v, 512,
C BMEMERF I IZ1E B BIIF A £ L 2 40
B EDOEIEDE L, DD SR TORIES
DIERTHOPEESINTE 2 FE, HCV BEASEE
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B9 AR O SEIERERE = HI L T\ B TREEDTE
ZHNTHBY, FRERNETHREPSHLR SN
2 X912 o7z HCV BEIT L B Risiifa sk
BRI 23R 1 ISR

1. BRBECHT 5

ACV D E2% ¥ 787 13l sRHE Lo CD8L & &
WA D, CD8LiE HCV »3Hifggy7 5
EOSERE LY 3 5 EE LR TWA, HCV
D E2% 7327 1% NK fllfg Lo 533 5 CD81 &%
&1L, HE#EENK MO ET SE2ERP S
22 b ARG S n/-Y . NK AR IFN (G —E
B IFRNOREDRE S A S, nEARD
B L VREAGEE & ORIT NK Mg ORIRaREE TG 1%
ZE Y, IFN IBEOAREE T 518 L &

BEhTwh, ZOZerbd, NKAllgz P
L& Lz BRGRER D HCOV HERICIZER 1
BRTEEZ HNLH, HCV PES NK il
OIE IS B & L ASBGEOFRH LIS LK &
hBEWA RO, F7-, HCV 27 &H I phfisr
1 12 transporter associated with antigen pro-
cessing 1(TAP1) OFEIRL @352 LT, MHC
class I B AWM T L LI IEINTVL, &
DOHTEE 51X MHC class I OFEBEm®IE, NK
FRL D> HCV BRGLATFHIAE I3 5 Mifa b S
T SBREOFHRILICHES T 5 LR L T
Wb,

2. ettt cItd SN
C RIFRBEOFR) »/3EkiE, CD8ITFHt
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IR TH Y, HCV A LT WiIRREIZ 2 -
TWAH I eDEz o, BEEN L CHREE,
EVEBERITL O LR D S, T,
DIFGLFERT S, PRI FUAN L < By
LT 52 LI TE D o72720, BHIFILE
HHCV IZL DI SN TWAE Z EAEE SN T
VWA,

3. T #palCd 3 2040

HCV $FEH CTL 7 = 7 ¥ — & L CORHE
L IETLTWA, C BIBHAFARE DK
1) 2SBRIZBWTIZ CD3 C SHOFIRAS, F72
JFEEY o BRIZBW iR THlL 7y — 6
FH° CDS6DFEHMMET LT A Z &GS
TWwh. F7z, HBV R CTL ICH L HCV ¥
BAYCTL IS M =7 + ) > ORBEND
72<, THIMERBKT2RT—oDfIE ST
B, ZO&) aREMEROEREERT S C
BFROFRALICEAS T2 Z LBES LT
. %70, CEIEAMAFARICIZ CCR7™ CD8Y T
M (X)) — - =7 =7 & —Hif) | 3Hpa s g
HAMET LTWAD, ITHIZIL-2%NZ 5 &5
ST T 27 ¥ —HERER AT AR A Z LA
5, T HBEASTEEALT 20 IL-20/KZHCTL
DIFEETELRERTH L L OMELH LY. &
RLTWAOTEANWIL-2EED Y 7 VmE
OG- L Tnw b Z e TEESN TN A,

CRUBMIFAEBEEICB VT, HCV HEMW
CD4" T MFEOFEAEIIFRD S D b O OPIFIFER
B VEFEREIZEIRI S, & S IChUEURII B Ry
7% 1L-10%° TGF-BEELAEIROLNTEY,
HCV e — & 7210 ) 5.

F 72, HCV BRgeFHiila & v ik LA
FAETHHCV a7EBIE, THIFED gClqR &
BETHI LT, THIRROBIERES, IFN-y#E
HRERHET A Z LGSz, HCV a7 &
HidindicF /) 79 AOBMNTHELEL TS
D, gClqR EHEETAHICRTHEEEZONS
7%, G S S ICBIEED 2 7T EBEIHE

C BIFF RO SAERERE & HCV #fierkd: 509

LTWwa EHEES N, HEEY v SRIch s
THELZ G2 TWAEHENEND.

HCV NS4A/B ZEH X, MR C/MNafkh» 5 o
VI EAOHERTHITA S 12X Y, major his-
tocompatibility complex (MHC) class I 53F®
Mg E~OZEREEGIT 5 2 L ARG ST,
ZAUC LD, HCV 452/ CD8" T MAZAS HCV
FRAPTHIRE 2 RER L1 < < 2 D, HCV DR
AL Er s b ELZONS.

S 612, FHiEIC RPN R ARE R Kupffer #ig
E Vo 7RI ST ARIREASEAET A7, Fh
OUIIRE L 7SR & X 2 ), v A IV AHUR
IR 5 L DD CD8ORe CD86 &\ 7 2Ll
SFIZ Lo T gz Haicfiligc s 2w
A0, PR TREERTFELTLEH

CEdREZLNTVAY.

4. fHRMEERICXE Y S HNEIER

BRI R 2 8T 5 9 2 C, EELREE
o Tna. CEBHIFAEE BT,
PHIAL D allogeneic @ T HfE % FEd 55801208
BT LT3 Z &%, AR 0RL
WL DA vy —T7 20 Ve BEPETLTNAS
L, 3512, HCV a7 & E1EE BRI,
AL IR 5 2 & T T MFRIERE 2 158 S &
TWeZ EATNFTTITHRBENTWA, Tz,
Jinushi 13, IFN-oJlEfEICRIRARRIE, 20
T I MHC class I -related chain A and B
(MICA/B) %3 & & NK ff 2 g b+ 5 2 &
EBL, CRIBHIFEEIZSB VT NK Al
DAEMAEELTE R VDI, type T IFN &
% IL-15FEERIMET LTH Y, MICA/B HEHO
HEERAIH STV B Z EDVERTH 5 L HEL
Tw5?,

HCV 3 E2E OB IR LIC R T 5
DC-SIGN [ZREE9 5 2 & X 0 BHIRMIRA LS b g
T 5Z LR, soluble E2ZF b BRIRMINL & #5420
WEETHL I EbIES N, FN5IC X DB
Rl 3R T I A TTREE D E R b TV 5.

- 352 -



