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1. Introduction

Dendritic cells (DCs) are found in most tissues,
and they capture and process antigens and display
large amounts of MHC-peptide complexes on their
surfaces (Banchereau and Steinman, 1998; Bancher-
eau et al.,, 2000). Because DCs display both MHC-
class I molecules and co-stimulatory molecules such
as CD80 and CD86, only DCs can induce primary
sensitization against specific antigens in naive T
cells (Lanzavecchia and Sallusto, 2001). It is gener-
ally accepted that dendritic cell-like cells (monocyte-
derived dendritic cells, Mo-DCs) are induced from
peripheral blood mononuclear cells (PBMCs) by
granulocyte-macrophage colony-stimulating factor
(GM-CSF) and interleukin-4 (JL-4) in vitro (Sallusto
and Lanzavecchia, 1994). Mo-DCs have many fea-
tures similar to those of primary DCs, including
antigen capture, co-expression of co-stimulatory
molecules with MHC molecules, and secretion of
IL-12 (Cella et al., 1997). It has been suggested that
Mo-DCs, injected intradermally or subcutaneously,
capture and process antigens, move to the T cell-
dependent areas of secondary lymphoid organs, and
stimulate naive T cells (Thomas et al., 1999; Thumer
et al.,, 1999). In this capacity, Mo-DCs have been
utilized as vectors for vaccine therapies against
various cancers {Dallal and Lotze, 2000; Fong and
Engleman, 2000; Banchereau et al., 2001; Reinhard
et al., 2002; Schuler et al., 2003).

Several problems must be addressed to evaluate
DC function for vaccine therapy. First, most data
concerning the antigen-presenting ability of Mo-DCs
have been obtained with PBMCs from healthy donors,
not cancer patients. Recent studies have indicated that
Mo-DCs from advanced cancer patients are impaired
at several stages of the antigen-presenting process
(Onishi et al., 2002), suggesting that the antigen-
presentation-related functions of individual Mo-DCs
used for vaccine therapies must be evaluated closely.
A second problem is that very little is known about
the biological behaviors of Mo-DCs administered to
cancer patients.

Three-dimensional (3-D) hydrated collagen lattices
have been widely used for in vivo-like culture of
various types of cells including tumor cells, lymphoid
cells, and DCs (Friedl et al., 1993, 1995; Gunzer et al.,
1997; Nakamura et al., 2002) because many studies

have shown that the fiber distribution and biophysical
architecture of collagen lattices closely resemble in-
terstitial soft tissues, dermis, and network-like stroma
of the lymph node (Friedl et al, 1998; Friedl and
Brocker, 2000; Gunzer et al.,, 2000b). For example,
Gunzer et al. (1997) developed a unique method to
analyze individual DC migration within a 3-D collagen
lattice. However, these complicated methods are diffi-
cult for evaluating the antigen-presenting ability of
Mo-DCs used in DC-vaccine therapies.

Mo-DCs are characterized by a high rate of antigen
uptake in the immature state and high antigen-present-
ing function (surface marker and cytokine production)
in the mature state. To capture antigens, Mo-DCs have
to migrate toward antigens. In addition, antigen-cap-
turing Mo-DCs mature, then move to the T-dependent
areas of secondary lymphoid organs, and stimulate
naive T-cells. In conventional monolayer culture sys-
tem, we must evaluate various kinds of Mo-DC’s
functions by an individual method. We describe here
a novel method to evaluate the quality of Mo-DCs
used for cancer therapy. Our 3-D model consists of two
collagen gel layers: a lower layer containing Mo-DCs
and an upper layer containing necrotic tumor cells or
necrotic tumor cells and T cells. In our model, GCTM-
1-capturing Mo-DCs mean that Mo-DCs moved to-
ward necrotic GCTM-1 and captured them. And in-
crease of surface marker such as HLA-DR and CD80
indicates maturation of Mo-DCs. Increase of IL-12
production by Mo-DCs indicates activation of Mo-
DCs. In addition, IFN-vy production by CD4+ T cells
indicates ability of CD4+ T cell activation by Mo-DCs.
By our two-layer culture system, we can estimate
various kinds of Mo-DC’s functions at a time. Inter-
estingly, phase-contrast microscopy allowed us to
analyze several Mo-DCs functions, including migra-
tion, antigen capture, phagocytosis, and cytokine se-
cretion, in this system in real time. In the future, video
microscopy may allow us to analyze in vivo-like
behaviors of Mo-DCs.

2. Materials and methods
2.1. Generation of Mo-DCs

Mo-DCs were generated from the adherent fraction
of PBMCs of healthy volunteers as previously de-
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scribed but with minor modifications (Kuppner et al.,
2001). In brief, PBMCs were isolated from heparin-
ized peripheral blood by Histopaque-1077 (Sigma, St.
Louis, MO) density gradient centrifugation. PBMCs
were resuspended in RPMI 1640 basal medium
(Sanko Pure Chemicals, Tokyo, Japan) supplemented
with 10% fetal bovine serum (FBS; Filtron, Aus-
tralia), 100 pg/ml penicillin (Meijiseika, Tokyo, Ja-
pan), and 100 pg/ml streptomycin (Meijiseika), plated
at a density of 2 X 10° cells/ml, and allowed to adhere
in 24-well culture plates (Nalge Nunc International,
Chiba, Japan) overnight at 37 °C. The nonadherent
cells were then removed, and the adherent cells were
harvested and cultured in 10% FBS-containing RPMI.
GM-CSF (500 ng/ml) (Novartis Pharma Basel, Swit-
zerland) and IL-4 (500 U/ml) (Ono, Tokyo, Japan)
were added on day 0. On day 7, cultured cells were
collected as immature Mo-DCs. Immature Mo-DCs
were further purified by negative selection with mag-
netic beads coated with mouse monoclonal anti-CD2,
anti-CD3, and anti-CD19 antibodies (Dynabeads,
Dynal, Oslo, Norway) as previously described but
with minor modifications (Vartdal et al., 1987). This
depletion procedure yielded greater than 90% CD14 — |
CD80+, HLA-DR+ immature Mo-DCs.

2.2. CD4+ Tcells

CD4+ T cells were purified from fresh human
PBMCs with a CD4+isolation kit (Dynabeads,
Dynal) according to the manufacturer’s instructions.
The purity of CD4+ T cells was greater than 98% as
analyzed with a FACS Calibur flow cytometer and
CELLQuest software (Becton Dickinson, San Jose,
CA).

2.3. Tumor cells and induction of necrosis

Human gastric carcinoma cell line GCTM-1 was
maintained in 10% FBS-containing RPMI at 37 °C.
Necrotic GCTM-1 cells were induced as previously
described but with minor modifications (Nestle et
al., 1998). In brief, tumor cells were washed with
phosphate-buffered-saline (PBS) (Wako, Osaka, Ja-
pan) and then resuspended in RPMI. Cells were
lysed by five cycles of freezing in liquid nitrogen
and thawing at 37 °C. Lysis was monitored by light
microscopy. Larger particles were removed by cen-

trifugation. Whole cell lysates were mixed with
collagen gel as tumor-associated antigens.

2.4. 3-D two-layer collagen gel culture model

Mo-DCs were used at 4 X 10° cells per assay and
suspended in 20-pl RPMI containing with 1% hu-
man serum albumin (HSA). Mo-DCs were mixed
with an equal volume of chilled type 1 collagen
(Kokencellgen I-AC: 0.3%) (Funakoshi, Tokyo, Ja-
pan). The final collagen concentration was 0.15%.
The mixture was transferred to 96-well plates (Nalge
Nunc International) at 40 pl/well. Before the mixture
was allowed to polymerize, a mixture of 20-ul RPMI
with 1% HSA containing 4 X 10° necrotic GCTM-1
cells mixed with an-equal volume of chilled type I
collagen was layered onto the Mo-DC mixture. The
two layers of mixture were then allowed to poly-
merize for approximately 1 h at 37 °C. After
polymerization, 200-ul RPMI with 1% HSA was
added to each well. A schematic of our culture
model is shown in Fig. 1. These 3-D two-layer
cultures were then incubated at 37 °C in a humid-
ified atmosphere of 5% CO,. Liquid culture medium
was changed everyday and stored at —80 °C for
later analyses. Mo-DCs suspended in the collagen
matrix were observed by phase-contrast microscopy.
Microscope was connected with digital camera,
COOLPIX 950 (Nikon, Tokyo, Japan) and images
were recorded in XGA-size (1024 X 768 pixels).

2.5. Time-lapse videomicroscopy

Dynamic cell motility was recorded as follows.
Cells embedded within the collagen gel matrix were
visualized on a phase-contrast microscope. The im-
age was monitored on a screen of 15 inches monitor,
15ZR7 (Toshiba, Tokyo, Japan) and recorded with a
digital video recorder, DCR-PC9 (Sony, Tokyo,
Japan). We could focus on individual cells consec-
utively and also record time-lapse movements of
individual cells. Furthermore, we could select certain
images at will for further examination.

2.6. Cell viability

To evaluate cell viability, Mo-DCs existing in gel
were stained with DNA-binding fluorochrome bis-
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Fig, 1. Schematic of 3-D two-layer collagen matrix culture model. (A) Mo-DCs were suspended in 20-pl RPMI 1640 with 1% HSA. and mixed
with an equal volume of chilled type I collagen. The mixture was transferred to 96-well plates at 40 pl/well. (B) Before the mixture containing
Mo-DCs was allowed to polymerize, collagen gel containing tumor cells (made in the same way as the Mo-DCs mixture) was layered onto the
DC mixture. (C) Two-layer collagen matrix was allowed to polymerize for approximately 1 h at 37 °C. After polymerization, 200-p! culture
medium was added. This 3-D two-layer culture model was incubated at 37 °C in a humidified atmosphere of 5% CO, and observed with time-

lapse microscopy.

benzimide stain (Hoechst 33342; Molecular Probes,
Eugene, OR) and propidium iodide (PI; Molecular
Probes). Briefly, 4 X 10° Mo-DCs were cultured in
the mixture of RPMI with 1% HSA and type I
collagen using 96-well plastic plate. Twenty micro-
liters of Hoechst 33342 was added to culture medi-
um at first and then incubated for 1 h at 37 °C.
Next, 20 pl of PI was added to culture medium and
incubated for 10 min at 37 °C. After these incuba-
tion times, fluorescence-positive cells were counted
with a fluorescence microscope. Hoechst-positive
and Pl-negative cells were considered viable and
Pl-positive cells were considered nonviable. We
calculated the ratio of a fluorescence-dyeing cell
for 100 cells. Data were expressed as the
mean + S.D. of percent fluorescence-positive cells
of eight independent wells.

2.7. Capture of necrotic GCTM-1 cells by Mo-DCs

Mo-DCs and necrotic GCTM-1 were labeled with
PKH67 (green) and PKH26 (red) fluors (Sigma),

respectively. Fluorescently-labeled Mo-DCs and ne-
crotic GCTM-1 cells were embedded separately into
collagen matrix and then observed by fluorescence
microscopy. When images of Mo-DCs were super-
imposed with those of GCTM-1 cells, areas of co-
localization appeared yellow or orange. Such cells
were considered necrotic tumor-capturing Mo-DCs.
Mo-DCs in the upper layer (migrating Mo-DCs) were
counted in five upper fields (x200) at random. Percent
phagocytosis represents the ratio of a tumor-capturing
Mo-DC for total migrating Mo-DCs. Data were
expressed as the mean + S.D. of percent phagocytotic
Mo-DC.

2.8. Collection of cells from 3-D two-layer collagen
gel culture model

Mo-DCs were harvested from the collagen matrix
by digestion with collagenase (Wako) as previously
described but with minor modifications (Friedl et al.,
1995). In brief, collagen matrix containing Mo-DCs
was incubated with highly purified collagenase (final
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concentration, 7500 U/ml) for 5 min. Cells were
washed two times with PBS (Wako) and resuspended
in RPMI for further study.

2.9. Expression of antigen-presentation-related mol-
ecules on Mo-DCs

To analyze the expression of antigen-presentation-
related molecules on Mo-DCs, cells collected from
collagen matrix were incubated for 1 h with one of the
following monoclonal antibodies (BD Pharmingen,
San Diego, CA) conjugated to FITC for direct staining:
anti-CD83, anti-HLA-DR, or PE-anti-CD80, PE-anti-
CD&86. The isotype controls, IgG1 and IgG2, were also
obtained from BD Pharmingen. For staining, cells
were washed two times with PBS (Wako) and incu-
bated in PBS containing 3% bovine serum albumin
(BSA) (Sigma) and 0.1% NaNj; (Sigma) (referred to as
FACS buffer) and the appropriate concentration of
labeled mADb for 1 h at 4 °C. After cells were washed
with FACS buffer, the fluorescence intensities of gated
Mo-DCs populations were measured with a FACS

Calibur flow cytometer and analyzed with CELLQuest
software (Becton Dickinson).

2.10. IL-12 and interferon-y (IFN-y) secretion

Culture supernatants were collected every 24 h and
the concentrations of IL-12 p40 and interferon-vy
(IFN-vy) were determined by enzyme-linked immuno-
sorbent assay (ELISA) kits specific for IL-12 p40 and
IFN-y (Biosource, Camarillo, CA). ELISA protocols
were described previously (Wilkinson et al., 1996).
The detection limit of these ELISAs for IL-12 p40 is
2 pg/ml and for IFN-v is 4 pg/ml

3. Results
3.1. Morphology of Mo-DCs
Mo-DCs embedded in collagen gels (lower layer)

were observed by phase-contrast microscopy. In colla-
gen lattices, Mo-DCs extended processes from the cell

Fig. 2. Appearance of Mo-DCs in 3-D collagen matrix. Mo-DCs were cultured in collagen matrix for 7 days and were observed under phase-
contrast microscopy. (A) Some Mo-DCs had a round shape right after cultivation in collagen matrix. (B) Most Mo-DCs extended processes in
many directions on day 4. (C) Time-lapse analysis of dendrite formation by Mo-DC in collagen matrix. The formation of dendrites on day 4 was
observed using time-lapse videomicroscopy. Dendrite (black arrow) showed continuous movement during observation. Images are shown at 1-
min intervals. The time of the first image is arbitrarily set to 0 min. Magnification, X400. Scale bars, 10 pm.
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membrane that were characteristic within 24 h after
initial culture. As shown in Fig. 2A, some Mo-DCs
retained a round shape with many short processes.
Some Mo-DCs changed to a spherical shape and
extended several long ““dendritic” processes that were
20- to 50-um long (Fig. 2B).

Videomicroscopy revealed that Mo-DCs embedded
in collagen gels developed considerable flexibility in
cell shape. Dendrites on cell bodies repeatedly ex-
tended and retracted the processes/dendrites over the
course of several minutes (Fig. 2C).

3.2. Survival of Mo-DCs

Immature Mo-DCs were generated from PBMCs
by culture in medium containing GM-CSF and IL-4
for 7 days as described in Materials and methods.
These immature Mo-DCs were embedded within
collagen gel and cultured in RPMI containing 1%
HSA for several weeks. Culture medium was
changed every 24 h. Cells were observed by
phase-contrast microscopy. On day 7, many Mo-
DCs maintained multiple short processes or several
long processes (Fig. 3A) and these cells seemed to
be viable. As culture periods were extended, how-
ever, the number of Mo-DCs showing cellular
fragmentation increased gradually (Fig. 3B). These

% viable cell

% non-viable cell

3 5 7 9 1
culture periods (days)

Mo-DCs were considered as dead cells, probably
apoptotic cells. To evaluate cell viability, Mo-DCs
were stained with Hoechst 33342 and PI and
evaluated with a fluorescent microscope as de-
scribed in Materials and methods. Cells were alive
until 7 days after the initial culture (day 7) and
viable cells decreased gradually after day 9 (Fig.
3C, left panel). The percentage of viable cells on
day 15 was 40.2+£6.91%. On the other hand,
nonviable cells increased gradually after day 9 and
reached 59.6 £ 6.12% on day 15 (Fig. 3C, right
panel). Most Mo-DCs appeared to be dead by day
21. The data are representative of five independent
experiments using Mo-DCs generated from three
different donors.

3.3. Migration and phagocytosis of Mo-DCs

When Mo-DCs and necrotic GCTM-1 were em-
bedded in collagen gel (single-layer collagen gel
culture), approximately 10% of Mo-DCs were active
and migrated over a distance of 10 pm. Time-lapse
videomicroscopy showed a Mo-DC migrating toward
a necrotic GCTM-1 fragment that was about 30 pm
away (Fig. 4). The Mo-DC then migrated to the
GCTM-1 fragment, made contact with it, and
engulfed it (phagocytosis) within 10 min.
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Fig. 3. Survival of Mo-DCs. Mo-DCs were cultured in collagen matrix and were observed under phase-contrast microscopy and fluorescence
microscopy. (A) On day 7, most Mo-DCs had some processes and seemed to be still alive. Magnification, x400. Scale bars, 10 pm. (B) On day
14, many Mo-DCs suddenly appeared fragment. These cells seemed to be dead. Magnification, X400. Scale bars, 10 pm. (C) Cell viability was
determined with Hoechst 33342 and PI staining as described in Materials and methods. Hoechst-positive and PI-negative cells were considered
viable and PI-positive cells were considered nonviable. The data are representative of five independent experiments using Mo-DCs generating
from three different donors. Data were expressed as the mean + S.D. of percent fluorescence-positive cells of eight independent wells.
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Fig. 4. Migration of and phagocytosis by Mo-DC in 3-D collagen gel culture. The Mo-DC migrated toward a necrotic tumor cell and phagocyted
it over a time course of 10 min. (A) A cluster of Mo-DCs is visible in collagen matrix. (B, C) One (black arrows) moved spontaneously toward a
fragment of necrotic GCTM-1 cell (black circle). (D) Ten minutes after initial observation, the Mo-DC reached the fragment and internalized it.

Magnification, x400. Scale bars, 10 pm.

With our two-layer collagen gel model, we were
able to evaluate simultaneously both migratory and
phagocytic abilities of Mo-DCs. For this purpose,
Mo-DCs were labeled with the green fluorescent
marker PKH67 and necrotic GCTM-1 were labeled
with the red fluorescent marker PKH26. Fluores-
cently labeled cells were embedded separately in
collagen gels. The lower collagen gel layer contained
Mo-DCs (green), and the upper layer contained
necrotic GCTM-1 (red). We then imaged this 3-D
two-layer model by fluorescence microscopy (Fig. 5).
On day 1 of culture, many Mo-DCs migrated from
the lower layer to the upper layer, and some had
engulfed necrotic GCTM-1 (yellow). In the first 24
h of incubation, 10% to 20% of Mo-DCs migrated
into the upper layer. Percent phagocytosis was
13.2 £ 3.03% (Fig. SE). Then the number of migrat-
ing Mo-DCs decreased after 24 h. In contrast, percent
phagocytosis increased to 19.4 £4.72% at day 2
(Fig. SE). The data are representative of three inde-
pendent experiments using Mo-DCs generated from
three different donors.

3.4. Expression of antigen-presentation-related mol-
ecules on Mo-DCs

Mo-DCs were embedded in collagen gel with or
without necrotic GCTM-1. Seven days after initiation
of culture, Mo-DCs were collected from collagen gels
with collagenase, and the expression of antigen-pre-
sentation-related molecules such as HLA-DR, CD80,
and CD86 was examined with FACS analysis. Mo-
DCs cultured with necrotic GCTM-1 showed in-
creased expression of HLA-DR, CD80, and CD86
in comparison with Mo-DCs cultured in the absence
of necrotic GCTM-1 (Fig. 6). The data are represen-
tative of three independent experiments using Mo-
DCs generated from three different donors.

3.5. IL-12 secretion by Mo-DCs

Using our 3-D two-layer collagen gel model, we
investigated secretion of IL-12 and IFN-y by Mo-
DCs. Culture medium was changed every day and
stored at — 80 °C until assay. The concentration of
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Fig. 5. Migration and phagocytosis of Mo-DCs in 3-D two-layer collagen matrix. This model consisted of two different layers of collagen gels.
(A) The lower layer contained Mo-DCs labeled with PKH67 (green). (B) The upper layer contained necrotic GCTM-1 cells labeled with PKH26
(red). (C, E) Twenty-four hours after the initial cultivation (day 1), Mo-DCs migrated to the upper layer and were seen at the same field with
tumor cells. Some of them appeared to be yellow cells (white arrow), implying phagocytosis of tumor cells by Mo-DCs. The percentage of
phagocytosis on day 1 was 13.2 + 3.03%. (D, E) Forty-eight hours after the initial cultivation (day 2), the number of Mo-DCs that had engulfed
necrotic GCTM-1 had increased. The percentage of phagocytosis on day 2 was 19.4 + 4.72%. Data represent the mean £ S.D. of five
experiments. A representative experiment of three is shown. Magnification, X200. Scale bars, 10 um.

each cytokine represents roughly the daily secretion of
each cytokine. When the upper layer contained ne-
crotic GCTM-1, Mo-DCs secreted large amounts of
IL-12 between days 3 and 5. Secretion of IL-12
decreased gradually from days 6 (Fig. 7A). To exclude
a possibility that GCTM-1 themselves release IL-12,
necrotic GCTM-1 alone were cultured in collagen
matrix for 7 days. No IL-12 was detected in this

culture condition. When the upper layer did not
contain necrotic GCTM-1, IL-12 secretion was not
detected during the 7 days of culture. IFN-y was not
detected regardless of the presence of necrotic GCTM-
1 in the upper layer (data not shown).

When the upper layer contained both necrotic
GCTM-1 and CD4+ T cells, the pattern of IL-12
secretion was very similar to that when the upper
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Fig. 6. Expression of antigen-presentation-related molecules on Mo-DCs in 3-D collagen gel. Cells were collected and analyzed on day 7. Mo-
DCs cultured with necrotic GCTM-1 (shaded curves) showed increased expression of HLA-DR, CD86, and CD80 compared with Mo-DCs
cultured without necrotic GCTM-1 (solid curves). The data are representative of three independent experiments using Mo-DCs generated from
three different donors.
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Fig. 7. Cytokine secretion by Mo-DCs in 3-D two-layer culture model. The supemnatants were collected daily from 3-D two-layer collagen gel
culture that contained Mo-DCs in the lower layer. (A) When the upper layer contained necrotic GCTM-1 [GCTM(+)/Mo-DCs], IL-12 p40
secretion was detected from days 1 to 7. In contrast, IL-12 p40 secretion was barely detected when the upper layer lacked necrotic GCTM-1
[GCTM( — )/Mo-DCs]. When the lower layer did not contain Mo-DCs {GCTM alone], IL-12 p40 secretion was not detected. (B) [T cell( — )]
represents that the upper layer contains necrotic GCTM-1 alone. [T cell(+)] represents that the upper layer contains both necrotic GCTM-1 and
CD4+ T cells. Cytokine concentration represents mean £ S.D. of three wells. The data are representative of three independent experiments using
Mo-DCs generated from three different donors. This figure was obtained from a simultaneous experiment using Mo-DCs generated from the

same donor.

layer contained only necrotic GCTM-1 (data not
shown). Under this culture condition, IFN-y secretion
was detected and continued until at least day 7 (Fig.
7B). The data are representative of three independent
experiments using Mo-DCs generated from three
different donors. Fig. 7 was obtained from a simulta-
neous experiment using Mo-DCs generated from the
same donor.

3.6. Dynamics of the interaction between Mo-DCs
and T cells

As described above (Fig. 2), Mo-DCs embedded
within collagen gels showed considerable flexibility
in cell shape. Using time-lapse videomicroscopy, we
observed individual interactions between Mo-DCs
and T cells.

4. Discussion

We describe here results from our experiments
with a novel 3-D two-layer collagen gel culture
system that can be used to evaluate and monitor
Mo-DCs used as vectors for DC-vaccine therapies.
With this model system, we were able to evaluate
simultaneously multiple functions of Mo-DCs, in-
cluding migration, phagocytosis of necrotic tumor
cells, and interactions with T cells, in real time with
phase-contrast or fluorescence microscopy. In addi-
tion, we could also observe dynamic cell-cell
interactions on a single-cell basis with time-lapse
videomicroscopy.

Recent advances in medical technology have
made it possible to develop 3-D DC culture systems
that are similar to in vivo environments. Hydrated
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collagen gel has been used in 3-D cell culture
systems, because the structure of collagen lattices
resembles that of several tissues, including dermis
and the network-like stroma of lymph node (Friedl
and Brocker, 2000). Gunzer et al. (1997, 2000a,b)
have reported data that support the usefulness of 3-D
collagen matrix systems in the study of in vivo-like
DC behaviors, especially migration and DC-T cell
interactions. Murine epidermal Langerhans cells and
bone marrow DCs were used as target cells and
embedded in coliagen lattices for analysis on an
inverted confocal scanning microscope. Gunzer et
al. (1997, 2000a,b) showed that DCs formed extend-
ed membrane processes, which are characteristic of
these cells. They recently described a modified
method by which migration of murine DCs within
3-D collagen lattices can be analyzed by time-lapse
videomicroscopy and computer-assisted single-cell
tracking. These in vitro models certainly inform us
of missing in vivo behavior of DCs. In the present
study, we focused on the development of a method
that allows easy and simultaneous evaluation of
multiple functions of Mo-DCs. It is generally ac-
cepted that DCs play many roles in induction of
specific T cell immunity in vivo. It is thought that
DCs migrate to, capture, and then process antigens,
move to T cell-dependent areas of secondary lym-
phoid organs, and stimulate naive T cells (Bancher-
eau and Stenman, 1998; Banchereau et al., 2000).
On the basis of these functions, we developed a new
3-D two-layer collagen gel culture system. Each
layer is almost 1.2-mm thick. In our system, Mo-
DCs and necrotic tumor cells exist separately in
different collagen gel layers. To capture necrotic
GCTM-1, Mo-DCs must migrate to the upper layer.
If the upper layer contains T cells, migrating Mo-
DCs can make contact with T cells in the upper
layer. In our system, 10% to 20% of Mo-DCs
migrated from the lower layer to the upper layer
within 24 h of incubation, and more than half of the
migrating Mo-DCs engulfed necrotic GCTM-1 by
day 2 (Fig. 5). Consistent with data from experi-
ments with 2-D culture systems (Labeur et al., 1999;
Hochrein et al., 2000; Liu, 2001; Schnumrr et al.,
2001), we observed in our 3-D culture system that
Mo-DCs that capture GCTM-1 secrete high level of
IL-12 (Fig. 7A). When the upper layer did not
contain necrotic GCTM-1, IL-12 was not detected

in culture media. In addition, IL-12 sectetion was
detected after but not before Mo-DCs appeared in
the upper layer (data not shown). Because IFN-y
production was detected only when the upper layer
contained CD4+ T cells, IFN-y may be secreted
primarily by CD4+ T cells (Fig. 7). Since it has
been shown that IL-12 can induce IFN-vy production
in CD4+ T cells (Gerosa et al., 1996; Kuroki et al,,
2003), we examined if IL-12 secreted from GCTM-
1-capturing Mo-DCs induces IFN-v in CD4+ T cells
existing in the upper layer of our model. As shown
in Fig. 7B, IFN-y secretion occurred only when
CD4+ T cells coexisted with necrotic GCTM-1 in
the upper layer. In addition, IFN-y secretion was
always followed by IL-12 secretion (Fig. 7A), CD4+
T cells alone in the upper layer or Mo-DCs alone in
the lower layer did not produce detectable IFN-vy
(data not shown). These results suggest that Mo-DCs
migrate toward necrotic GCTM-1, captured them,
and secreted IL-12 and that Mo-DC-secreting IL-12
induced IFN-y in CD4+ T cells.

In 3-D one-layer culture systems, investigators
observed that Mo-DCs survive at least 2 weeks within
collagen lattices and that Mo-DCs that captured ne-
crotic GCTM-1 showed increased the expression of
HLA-DR, CD80, and CD86, which are important for
antigen presentation and stimulation of naive T cells
(Liu, 2001; Mellman and Steinman, 2001; Thery and
Amigorena, 2001). Expression of these molecules was
elevated even on day 7 of incubation (Fig. 6).

In conclusion, using this 3-D two-layer collagen
matrix model, we could easily evaluate a series of in
vivo-like Mo-DC functions in the antigen presentation
process in real time. In addition, we could observe cell
interactions on an individual basis by time-lapse
videomicroscopy. We are now beginning to use this
two-layer collagen gel system for evaluation of the
quality of and monitoring of Mo-DCs.
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Development of Therapeutic Strategies Based on Immunology against Tumors
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Summary

Tumor associated antigens that are able to induce cytotoxix T cells were identified mainly in vitro
systems. In addition, recent technology has made it possible 10 generate dendritic celi-like cells having
stronger antigen presentation ability from peripheral blood monocytes. As a result, vaccine-based therapies
for various kinds of tumors have been started. In fact, some of the tumors display a “non-self” charac-
teristic /in vivo, and patients’ T cells have the ability to react to these tumor cells. However, we speculate
that tumor cells are in the world of immune tolerance because tumor cells are not judged o be dangerous
by innate immunity. If our hypothesis is correct, to induce specific immunity against tumor cells, we have
to modify the system so that the innate immune system recognizes that tumor cells are dangerous, similiar
to bacteria or viruses. Based on these aspects, we developed a new vaccine-based therapy, i.e., immune
surveillance architecture therapy. Since this therapy itself is too complicated, it may not make a very large
social contribution as a general therapy. We believe a treatment strategy that obeyes the theory of basic
immunology as much as possible will open a door to valuable immunotherapy against tumors. In this

minireview, we introduce our ongoing studies, including immune surveillance architecture therapy,
concerning therapeutic strategies based on immunology against tumors.
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W IFN-o (NE%E IFN-y OFEERAPTHE S
TV 5 ) IEE, HDEWIZERED BB BRI
9 % taxane/PSK kB L U taxane/CsA EED
AEZzDI LTV,

INHEHFNZ LB NF- £ BIFEILIE, HIZED
TR =VRAERBEICBET B2 T L,
MMP 9 OFEMEALZ E2 & L TREMBOEBEICD
BI5 LT\wa®, Lizd%o T, PSK % CSA X
NF-« BIEHALEGER 28 L TR OBEHE, v
TIIEB 2T L HEIFEIN, NF-«B&
BEENETAERE LTUSH LELTERID
B

5. Yo b—vEFALEEH

b, BROMIEEEFMICEDS (E
EFAINTOERE BIEEE LT, BEHOFHER
BN, BRECEED L VIIREHICES T A
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BADODEFOBRMETOREIE % mRNA L)L
THRZELTELYY, 2082, PDGF-A &
TGF-f ® mRNA BIHEE & AFEE A AHE
ZART I LR, TGF-B ML BV HE?H
BT ERERZRVIELALY, ORI 7 —
FIZEDSE, [TGF-BOY 7 F LV R%EET O Y
J7EBDOTIERL, BHEANXTTIZLTWAS
TGF-BIZLAREIIHEETAL VR EZ D
Ab=09F5DL 7 FNVEENET LI ET,
INEENICREEHELSS ] CIREL, TGF-
BEFHMEREARTBEOZRTTEEE STV /E
B, COETIVEEVWCERMAKIZB ) 248
WD Y 7 FIEERIZDWTERIT L, ZOE,
TGF-B X B ML Smad 2/3 DV » EE{L % 3]
iz L, V) Bt Smad 2/3-Smad 4 &6
BA~NBITL, MMP9 % uPA OEENTEL,
HRE L TRERPTET 22 &, S 5T IFN-
y H5 Jak/STAT %% /L C Smad 7 D H % ik
S, BINL7 Smad 7T A TGF-BI12 X 31 Ve
1t Smad 2/3-Smad 4 BHE KDL ARLIT % 84
BIENBELPI o F b, TGF-8
12k B Smad ¥ 7 FIVRDEEALE, IFN-y 13
Jak/STAT R &AL THIGIT A W EEMITR S e
DT THB, BIE, TGF-BIKFEHEDOEEE I3
L, BREEEITIEZ2 CRERIE L v [HEon
EMRELIENE L IFN-y 85| oWiH 4
TR THB, L72AoT, bbbz nBEs
2, (V7 FPNVROI7 O =2 2FELEE
s ] CBRTTHD, 20X HERFE
TAHIET, EROSFIENEELIETESL -
X ) AR REEEVCHETRSLBFL Y
b,

6. EREIORERICHEIC £ 2 BUESIHE
RELROEME L OBEHIZE oIS
NTELH, FFLRVTOBNERORE T
v, Lk, BBAEMICEVTIL NF-
e BOEMHALLTBY, ZONF-«BiEHEILE B
MR OB BRI 8 e R AT & A1,
—H, IL-1B %3 LD ETHEEEYA A4 v
2077 —YDONF-«BEEREILEED, b
NHIZI0EL LRI S, [ & i MERAERE A
BUE-> BRI EVWHIlATH A ] L& 2 THF
FLTEM, Lo T, [IL-1 ﬂyﬁi%%ﬁ”ﬁ@

Biotherapy

NF-«BEMHLEBE L CREOBREEEZZD S| &
WHOREZ LT THIRER A% — b+ L1z, FORE,
IL-1 3 "B HEMITD NF- B 2#EMHIL L, NF-
K BIETHALASMMP O OFEHIEH 4 558 |, 5
ELTHEMBOBEEZ AESEL L) A
DPEETDTREENEL 20720, T2bb,
RIEDVEMBOERE + ERT A TEES S F L
NIVTRIRE Nz, BAE, IL-1 5 LShod 45 52 BE
WENEMROEL OBEI DL BB R
500, 2L Tin vivol2BWTbInD LS
LRRBIHONDLODZEWEFIVE L OB ER
HeHWTHITLTWwS, $7-, FERICEEED
EeBWE LT, BRI TOREDHIMAES L
THEOEBEE % HIH LIS TEMERS 5 20 st
WA Tw5, RERGBERSEEVEE S Y,
BREE L THMT AR TEREL2 >+ ) F
THCLEDNSH LY, RELV)EERIGEBED
EHEOBELBHOS DI LT IS 7 G
BERENLENTIRBEELTVS,

7. ¥lERACL - -RE{E3EE

{EERE I REREL BAGhE L HEIZE <
PHIThbNTE, ZOEBHD—DI, REEE
CE A EREHRLTLURIF LA L DD, bh
DIUILE L ), MEEFEERO LD 2BER %
FER LT L CTHERTAEADOBEICIE, GF
REZFEERO L2 & v B L 15,
ILERERERRNICAEROREREL TE 57517 %
ABEVIREADNLOERTHRETHL] T &
EHRATCE, TOEZIEDLYIE VA, Th
TTHALTCELIIICPSK T RERIES & L
TOVER LEBIZ, NF-« BIEMELEIEIER %8
L CRMBOEEiER SICEEY 5 25860
BB Koz, A ORBHATEME IS NF-
kBIEMALEZFHEL, BOEMLL ER I 2T
BEELBEL IR - TERSY, $2bL, PSK
ARSI XS B REEIIEIE], BBV IZHES
WL AEHALDORFEEE LCEBTATEBELN D
bo E5H1Z, PSK &ML TGF- B EA % H1%
L, BORBELZEHTATESELHSY, bhb
NATI0 T ERNCERE Lz [ RBBEOBRFICH
TAHPSKOBFBEFHHE] 13, TOWEKELE
T BF—rhd L n®, 2ok 28810
Mo TE 7 e R FEEORRELTRETH A,
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X512, taxane REFIDINK Mg % .0 & ¢
5 HEHAROMREGEFEE L BET LI b
ZDREFE D—ImAEA & 2 & 72 o 72 (Kubo, M.: &
XHEFEF ), INOLXHRET S E, taxane REF
IZPSK 26 H L 7-3%4, PSK i25E#R O TGF-
BEAZHH LEERELNEL, taxane i NK
HMREOBERE®RYED A, —F, B LT
12 PSK 12 fE O NF- « BI&EHEAL % #0860 L,
taxane (X ABHBOT R - AFE L B
T5, 8H121L, taxane 2 X A NF- « BiEMAL
ZEB L TR I N EMREORERE PSK 2
FTBENI VST FTIRETLEILNTE D,
BE, #iEHoBEREE IS & L7 taxane/PSK
FRBEDOEMIEEIIA TS,

B bH 1)

bivbiut, Bl BAREERIER EH
B L 2 n7zdls, B REEAOH#FICE .
NTW5E| LEZTWE, Lo T, BBTIC
BWTBREERMPERZLHE T L9112, &
R B ERBFTICE 272 LT, 5B R
BEFENRL ZO LD EIRMR Y 7 F v EE
CIEME) YNBBAREERHET A REERE
W CVwo BEMRREETER L Tw
Bo COEEZDGLDIL, BWHTETHEEL L
TOEEWERIEI D ZW2rb LA v, L2L,
TELRITEBRFEROILE TV AR 4%
HEAPIERTHIEIEDRLNVES RIBEERR
DEHBETHAHEELTVE, T/, REEMREE
HEELHRE L AT L CEITHROREREEN D 7
Uy ry bO—EERBN L, MEOMBLE, &
R RREOFEM 27— e HITERE L 72,
FOKR, EEIBANTHEBRLANEE o722
ERRELECRITNI R O, BEFd #a
ELTHT R BRIERETRETALODSEIZL
TWZITEEWTH 5,
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