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Summary

Tumor associated antigens that are able to induce cylotoxix T cells were identified mainly /n vifro
systems. In addition, recent technology has made it possible to generate dendritic cell-like cells having
stronger antigen presentation ability from peripheral blood monocyles. 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 to 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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Abstract This study focused on the question of how
monocyte-derived dendritic cells (Mo-DCs) that capture
dead tumor cells (Mo-DCs-Tum) secrete interfeukin 12
(IL-12) and tumor necrosis factor o« (TNF-a). Mo-DCs-
Tum showed higher secretions of JL-12 and TNF-« than
were shown by Mo-DCs. Enhanced nuclear factor-
kappa B (NF-xB) activation was also induced in Mo-
DCs-Tum within 6 h. The NF-xB inhibitor, pyrrolidine
dithiocarbamate (PDTC), suppressed both IL-12 and
TNF-¢ secretions from Mo-DCs-Tum. Administration
of recombinant TNF-x or IL-12 enhanced IL-12 or
TNF-« secretion respectively in Mo-DCs-Tum. Addition
of anti-TNF-u or anti-IL-12 neutralizing antibody de-
creased NF-xB activation and IL-12 or TNF-« secretion
in Mo-DCs-Tum. These results suggest that TNF-a or
IL-12 secretion induces NF-xB activation, and it stim-
ulates further TNF-a and IL-12 secretions, i.e., an
IL-12/TNF-2/NF-xB autocrine loop, in Mo-DCs-Tum.
Thus, Mo-DCs-Tum secrete a large amount of IL-12
and TNF-z through accelerated NF-«B activation
induced by the IL-12/TNF-o/NF-«kB autocrine loop.
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Introduction

Dendritic cells (DCs) play a pivotal role in T and B cell-
mediated immune responses [3, 5]. Recent advances in
biotechnology have made it possible to generate mono-
cyte-derived DC-like cells (Mo-DCs) in vitro from
peripheral blood monocytes with granulocyte-macro-
phage colony-stimulating factor (GM-CSF) and inter-
leukin 4 (IL-4) [23]. Chnical trials of Mo-DCs pulsed
with autologous tumor cells, i.e., Mo-DC-based immu-
notherapies, are underway for patients with a variety of
malignancies including malignant melanoma, B-cell
lymphoma, renal cell carcinoma, gastrointestinal carci-
noma, and thyreid carcinoma [9, 13, 16, 22, 24]. How-
ever, Mo-DC-based tumor immunotherapies have had
limited success. One reason is that the level of specific
antigen-MHC complexes on tumors may be low and
thus only a few T-cell clones that recognize tumor
antigens may be activated. It has been shown that
Mo-DCs which capture necrotic tumor cells (N) or
apoptotic tumor cells (A) become mature, i.c., mature
Mo-DCs, and they produce tumor necrosis factor o
(TNF-«) and interleukin 12 (IL-12) [3]. Efficient secre-
tion of I1L-12 from Mo-DCs is helpful to overcome this
problem because Thl-type helper T cells are preferen-
tially induced by IL-12 and play an important role in the
antitumor immune response [6, 8]. Unfortunately, IL-12
secretion of Mo-DCs gencrated from patients with
advanced cancer is weaker than that of Mo-DCs from
healthy volunteers [18]. These findings indicate that we
should prepare Mo-DCs which secrete larger amounts of
IL-12 as DC-vaccine source, However, details regarding
the molecular mechanism of how Mo-DCs that capture
dead tumor cells (Mo-DCs-Tum) secrete IL-12 remain
unclear.

Nuclear factor-kappa B (NF-xB) is responsible for
maturation of DCs and is a major regulator of the
antigen-presenting function of DCs [21]. In resting cells,
NF-xB is located in the cytoplasm as heterodimers of the
structurally related proteins p50, p52, RelA, c-Rel, and
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RelB, both of which are noncovalently associated with
the cytoplasmic inhibitor, inhibitory NF-xB (IxB) [17,
25]. Activation of NF-kB is preceded by phosphoryla-
tion of IxB by 1xB kinase, which is followed by prote-
olytic removal of IxB and movement of NF-xB to the
nucleus. Nuclear translocation of NF-xB is thought to
reflect activation of NF-xB [1]. After translocation to
the nucleus, NF-«xB stimulates transcription of cytokines
such as TNF-« and IL-12 [7, 20].

In the present study, we focused on the IL-12 and
TNF-« secretions from Mo-DCs-Tum and their molec-
ular mechanism.

Materials and methods
Generation of Mo-DCs

Cultures of human peripheral blood mononuclear cells
(PBMCs) were maintained in RPMI 1640 (Sanko Pure
Chemicals, Tokyo, Japan) supplemented with 10% fetal
bovine serum (FBS; Filtron Pty, Brooklyn, Victoria,
Australia), 100 U/m! penicillin (Meijiseika, Tokyo,
Japan), and 100 pg/ml of streptomycin (Meijiseika)
(hereafier referred to as RPMI medium). Mo-DCs were
generated from the adherent fraction of PBMCs as
described previously [18] but with minor modifications.
In brief, PBMCs were isolated from heparinized
peripheral blood from healthy volunteers by Ficol-
Pague (Life Technologies, Gaithersburg, MD, USA)
density gradient centrifugation. PBMCs were resus-
pended in RPMI medium, plated at a density of
2x10° cells/ml, and allowed to adhere in 24-well culture
plates (Nalge Nunk International, Chiba, Japan). After
an overnight incubation at 37°C, the nonadherent cells
were removed, and the adherent cells were harvested and
cultured in RPMI medium supplemented with GM-CSF
(200 ng/ml; Genetech, China) and IL-4 (500 U/ml;
Osteogenetics, Wuerzburg, Germany). On day 6,
nonadherent cell fractions were collected as immature
Mo-DCs and examined. In the present study, Mo-DCs
from ten healthy donors were prepared and used.

Induction of apoptosis and necrosis in tumor cells

A human gastric carcinoma cell line, GCTM-1, was
established in our laboratory and maintained in RPMI
medium [15]. Complete disruption of the necrotic cells
into fragments was confirmed by light microscopy after
five cycles of freezing with liquid nitrogen and thawing
at 37°C. UV-triggered apoptosis of tumor cells was
induced by 2 mJ/cm? of irradiation with a 120-mJ
UVB lamp (Amersham Biosciences, Piscataway, NJ,
USA). Eight hours after irradiation, induction of
apoptosis was confirmed by double staining with
Hoechst 33342 (Wako Pure Chemical, Osaka, Japan)
and propidium iodide (PI; Sigma, St Louis, MO,
USA). Under fluorescence microscopy, Pl-negative and

Hoechst 33432-positive cells with characteristically
condensed or fragmented nuclei were defined as being
apoptotic. More than 99% of UV-irradiated GCTM-]
cells had the Pl-negative and Hoechst 33432-positive
phenotype and typical apoptotic morphology. PI-po-
sitive cells were defined as secondary necrotic cells.
Necrosis- or apoptosis-induced tumor cell cultures
were centrifuged at 6,000 g for 10 min, the supernatant
was removed, and the pellets were saved. No con-
tamination of LPS into dead tumor cell fraction was
confirmed with Limulus amebocyte lysate test (Wako,
Tokyo, Japan).

Capture of dead tumeor cells by Mo-DCs

Apoptotic or necrotic tumor cells were incubated with
Mo-DCs at a cell ratio of 1:1 at 4°C or 37°C. Four hours
after incubation, cells were collected, washed with pos-
phate-buffered saline (PBS), and stained with Giemsa
(Kokusaishinyaku, Kobe, Japan) to determine the
number of Mo-DCs-Tum that captured N (Mo-DCs-
Tum-N) or A (Mo-DCs-Tum-A). One hundred Mo-DCs
were examined under a light microscope at x400 mag-
nification, and the percentage of Mo-DCs-Tum (%Mo-
DCs-Tum) was calculated. Alternatively, the membrane
components of N or A tumor cells were labeled with the
PKH 26 red fluorescent cell linker kit (Sigma), and Mo-
DCs were labeled with the PKH 67 green fluorescent cell
linker kit (Sigma) according to the manufacturer’s pro-
tocol. Fluorescence-labeled Mo-DCs and dead tumor
cells were cocultured at an original cell ratio of 1:1 for
4 h at 4°C or 37°C, washed, and then applied to a FACS
Calibur flow cytometer (Becton Dickinson, Franklin
Lakes, NJ, USA). The fluorescence intensity was ana-
lyzed with CELLQuest software (Becton Dickinson).
PKH 26-positive cells in gated Mo-DCs populations
were defined as Mo-DCs-Tum-A or Mo-DCs-Tum-N.

Cytokine secretions by Mo-DCs

Ten thousand Mo-DCs and dead tumor cells obtained
from 1x10* GCTM-1 cells were suspended in 200 pl of
RPMI 1640 containing 1% human albumin. Alterna-
tively, these cell mixtures were incubated with or without
1 pg/ml of anti-TNF-a neutralizing IgG (R&D Sys-
tems), 200 U/m! of recombinant human TNF-« (Dai-
nippon Pharmaceutical, Osaka, Japan), 20 pug/ml of
anti-IL-12 neutralizing IgG (R&D Systems), 100 pg/ml
of recombinant IL-12 (Dainippon Pharmaceutical) or
100 pM of pyrrolidine dithiocarbamate (PDTC, Sigma).
Twenty-four hours after the initial culture, cell-free
supernatants were collected by centrifugation and stored
at —80°C until use. The concentrations of IL-12 p40,
IL-12 p70, and TNF-« in the culture supernatants were
measured by ELISA kit specific for IL-12 p40, IL-12
p70, or TNF-x (Biosource, Camarillo, CA, USA). The
detection limit of each kit was 10 pg/ml.
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Fig. 1a,b Analysis of dead tumor cells by Mo-DCs. a Dead tumor
cells were cocultured with an equivalent number of Mo-DCs for
4 h and then stained with Giemsa. One hundred Mo-DCs were
examined under a light microscope, and the percentage of
Mo-DCs-Tum was calculated (%Mo-DCs-Tum). Results are
presented as mean + SE (bars). The data are representative of
three independent experiments using Mo-DCs generated from ten
different donors. b Membrane components of dead tumor cells
were labeled with PKH 26, and Mo-DCs were labeled with PKH
67. Fluorescence-labeled Mo-DCs were cocultured with dead
tumor cells at a ratio of 1:1 for 4 h at 4°C or 37°C. Data are the
log flucrescence intensity of Mo-DCs gated by cellular size and
granulation phenotype. Fluorescence profiles of Mo-DCs-Tum at
4°C or 37°C are shown. The percentage of double-positive (PKH
26+, PKH 67+) Mo-DCs is shown in the upper right corner of
each figure. The data are representative of three independent
experiments using Mo-DCs generated from three different donors

Preparation of nuclear extract of Mo-DCs

Monocyte-derived dendritic cells cocultured with dead
GCTM-1 cells for various durations with or without
various agents, including anti-TNF-ax neutralizing
mAb, anti-IL-12 neutralizing mAb, or PDTC, were
collected and washed once with PBS. Cells were then
homogenized in 400 ul of hypotonic buffer (10 mM
HEPES [pH 7.9], 10 mM KCl, 1.5 mM MgCl, ¢.1%
Nonidet P-40, and 5% protease inhibitor cocktail
[0.2 mM DTT, 10 mM benzamidine, 7 pg/ml leupep-
tin, 50 pg/ml soybean trypsin inhibitor, 2 pg/ml
aprotinin, 2 pg/ml antipain, 0.7 pg/ml pepstatin,
0.5 mM phenylmethylsulfonyl fluoride, and 0.5 mM
4-(2-aminoethyl) benzenesulfonylfluoride] [Sigma]), and
then incubated for 10 min on ice. Nuclei collected by
centrifugation at 800 g for 5 min were washed once
with 200 ul of hypotonic buffer and resuspended in
20 pl of low-salt buffer (20 mM HEPES [pH 7.9],
0.02 mM KCl, 1.5 mM MgCl,, 0.2 mM EDTA, 25%
glycerol, and protease inhibitor cocktail). An equal

-
PKH 67

volume of high-salt buffer (same composition as low-
salt buffer but containing 800 mM KCI) was added
with vortex mixing. Nuclei were incubated for 30 min
at 4°C and centrifuged at 18,000 g for 30 min, and the
supernatants were collected.
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Fig. 2 Secretion of IL-12 p40, TNF-«, and IL-12 p70 by Mo-DCs.
Mo-DCs (10%) were cocultured with 1x10° dead GCTM-1 cells for
24 h. Cell-free culture supernatants were collected, and the
concentrations of of IL-12 p40, TNF-x, and IL-12 p70 were
measured by ELISA (n=10). Data are the mean = SE (bars);
p values for Mo-DCs-Tum-A vs Mo-DCs-Tum-N are listed. The
data are representative of two independent experiments using
Mo-DCs generated from ten different donors
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Fig. 3 a IL-12 p40 secretion by captured Mo-DCs in the presence
of anti-TNF-a neutralizing antibody (1 pg/ml}). Mo-DCs (10*) were
cocultured with 1x10° dead GCTM-1 cells for 24 h. Celi-free
culture supernatants were collected, and the concentration of of IL-
12 pd0 was measured by ELISA. Data are mean * SE (bars). b IL-
12 p40 secretion by captured Mo-DCs in the presence of
recombinant TNF-a (200 U/ml). Mo-DCs (10*) were coculiured
with 1x10° dead GCTM-1 cells for 24 h. Cell-free culture
supernatants were collected, and the concentration of of 1L-12
p40 was measured by ELISA. Data are mean % SE (bars). ¢ TNF-
o secretion by Mo-DCs-Tum in the presence of anti-IL-12 (20 pg/
ml}. Mo-DCs {10*) were cocultured with 1x10° dead GCTM-1 cells
for 24 h. Cell-free culture supernatants were collected, and the
concentration of TNF-x was measured by ELISA. Data are
mean + SE (bars). d TNF-a secretion by captured Mo-DCs in the
presence of recombinant IL-12 (100 pg/ml). Mo-DCs (10%) were
cocultured with 1x10° dead GCTM-1 cells for 24 h. Cell-free
culture supernatants were collected, and the concentration of TNF-
o was measured by ELISA. Data are mean + SE (bars). The data
are representative of three independent experiments using Mo-DCs
generated from ten different donors

Electrophoretic mobility shift assay (EMSA)

Nuclear protein extracts of Mo-DCs were analyzed by
electrophoretic mobility shift assay (EMSA) for
NF-xB nuclear translocation as described previously
(11]. Briefly, nuclear protein extracts of 1x10% cells
were incubated for 30 min at 37°C with binding buffer
(60 mM HEPES [pH 7.5, 180 mM KCl, 15mM
MgCl,, 0.6 mM EDTA, and 24% glycerol), poly (dI-
dC) (Amersham Pharmacia Biotech AB, Uppsala,
Sweden), and *? P-labeled double-stranded oligonu-
cleotide containing the binding motif of NF-«xB (5’-
AGTTGAGGGGACTTTCCCAGGC-3)  (Promega,
Madison, WI, USA). These mixtures were loaded onto
a 4% polyacrylamide gel and separated by electro-
phoresis in 0.25xTBE running buffer. The oligomer-
protein complexes were visualized by autoradiography.

>

Fig. 4 a NF-xB activation in Mo-DCs-Tum. Six hours after
GCTM-1 cell pulsation, nuclear translocation of NF-xB in Mo-
DCs was detected by EMSA. Lane 1 Mo-DCs (control), Lane 2
Mo-DCs-Tum-A, Lane 3 Mo-DCs-Tum-N, Lane 4 competition
assay by the addition of 100 times NF-xB oligonucleotide. Data are
the ratio of the intensity of Mo-DCs-Tum to control Mo-DCs as
determined by NIH image. b NF-xB activation in Mo-DCs-Tum in
the presence of anti-TNF-x neutralizing antibody (1 pg/ml).
Twelve hours after GCTM-1 cell pulsation, nuclear translocation
of NF-«kB p65 in Mo-DCs-Tum was analyzed by EMSA. Lane ]
Mo-DCs-Tum-A, Lane 2 Mo-DCs-Tum-A in the presence of anti-
TNF-« neutralizing antibody, Lane 3 Mo-DCs-Tum-N, Lane 4
Mo-DCs-Tum-N in the presence of anti-TNF-o neutralizing
antibody. Data are the ratio of Mo-DCs-Tum with anti-TNF-u
neutralizing antibody to Mo-DCs-Tum without anti-TNF-o neu-
tralizing antibody as determined by NIH image. ¢ NF-xB
activation in Mo-DCs-Tum in the presence of anti-IL-12 neutral-
izing antibody (20 pg/ml). Twelve hours after GCTM-1 cell
pulsation, nuclear translocation of NF-xB p65 in Mo-DCs-Tum
was analyzed by EMSA. Lane I Mo-DCs-Tum-A, Lane 2 Mo-
DCs-Tum-A in the presence of anti-IL-12 neutralizing antibody,
Lane 3 Mo-DCs-Tum-N, Lane 4 Mo-DCs-Tum-N in the presence
of anti-1L-12 neutralizing antibody. Data are the ratio of Mo-DCs-
Tum with anti-IL-12 neutralizing antibody te Mo-DCs-Tum
without anti-IL-12 neutralizing antibody as determined by NTH
image. The data are representative of three independent experi-
ments using Mo-DCs generated from three different donors

The intensity of the NF-xB band was estimated with
the use of NIH Image version 1.60 software (NIH
Division of Computer Research and Technology,
Bethesda, MDD, USA).

Statistical analysis

The Fisher exact probability test was used for statis-
tical analyses. Calculations were carried out with
StatView software (Abacus Concepts, Berkeley, CA,
USA). All results with a p value less than 0.05 were
considered statistically significant.

Results
Mo-DCs capture dead tumor cells

Capture of dead tumor cells by Mo-DCs was essentially
determined with Giemsa staining. When the ratio of
Mo-DCs-Tum to total Mo-DCs (%Mo-DCs-Tum) was
calculated with a light microscope as described in
“Materials and methods,” %Mo-DCs-Tum was not
affected by cellular death pattern, ie., necrosis or
apoptosis, of tumor cells (Fig. 1a). The data are
representative of three independent experiments using
Mo-DCs generated from ten different donors. Since
evaluation with microscopy may be dependent on the
investigator’s subjective response, %Mo-DCs-Tum was
also examined with a flow cytometer. As described in
“Materials and methods,” Mo-DCs and dead tumor
cells were prestained with green fluorescence PKH-67



relative ratic
—r

B
1 1
2 0.8 0.8
= 06 0.6
% 0.4 0.4
® 0.2 0.2
0=y 2 %73 3
C 3 4
1 1
208 0.8
[4]
506 0.6
%0-4 0.4
—90.2 0.2
0 0

and red fAlnorescence PKH-26, respectively. As a result,
Mo-DCs-Tum become double-positive cells (upper right
rectangle in Fig. 1b). The percentage of double-positive
cells in Mo-DCs-Tum-N and Mo-DCs-Tum-A was
87.3% and 72.6%, respectively. Uptake was profoundly
reduced when dead cells were cocultured with Mo-DCs
at 4°C, indicating that nonspecific binding of dead cells
to Mo-DCs was minimal (Fig. 1b). The data are repre-
sentative of three independent experiments using Mo-
DCs generated from three different donors. Both
Fig. 1a, b, indicate that phagocytotic ability of Mo-DCs
was not affected by death pattern of tumor cells.

Mo-DCs-Tum secrete TNF-o and IL-12

We first investigated whether Mo-DCs-Tum secrete IL-
12 or TNF-a. Mo-DCs-Tum secreted both TNF-« and
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IL-12 p40 (Fig. 2). 1IL-12 p40 secretion (321 4 26 pg/
ml) by Mo-DCs-Tum-N was significantly higher than
that (228 = 10 pg/mi) of Mo-DCs-Tum-A (p=0.008).
TNF-x secretion (1,390 £ 60 pg/ml) of Mo-DCs-TFum-
N was also significantly higher than that
(1,004 + 42 pg/ml) of Mo-DCs-Tum-A (p=0.047).
Concentrations of IL-12 p70 in the culture medium were
below the limits of detection in both Mo-DCs-Tum-A
and Mo-DCs-Tum-N. These data suggest that the death
pattern of tumor cells may affect the production of these
cytokines from Mo-DCs-Tum. The data are represen-
tative of two independent experiments using Mo-DCs
generated from ten different donors.

TNF-z and IL-12 secreted from Mo-DCs-Tum induce
further secretion of these cytokines

We next investigated the relationship between TNF-a
secretion and IL-12 secretion in Mo-DCs-Tum (Fig. 3).
When anti-TNE-« neutralizing antibody was added into
the mixture of Mo-DCs and dead tumor cells, IL-12 p40
secretion was significantly decreased (Fig. 3a). Addition
of recombinant TNF-a enhanced IL-12 p40 secretion by
Mo-DCs-Tum-A but not Mo-DCs-Tum-N (Fig. 3b).
Similarly, when anti-IL-12 neutralizing antibody was
added into the mixture of Mo-DCs and A, TNF-a
secretion was significantly decreased. However, TNF-«
secretion by Mo-DCs-Tum-N has not altered signifi-
cantly (Fig. 3c). Addition of recombinant IE-12 signifi-
cantly enhanced TNF-z secretion by Mo-DCs-Tum
(Fig. 3d). Neither cell viability nor total cell number was
changed significantly by the assay {data not shown).
These data suggest that TNF-« and TL-12 stimulate each
other’s cytokine production, i.e., TNF-o/IL-12 autocrine
loop. The data are representative of three independent
experiments using Mo-DCs generated from ten different
donors.

Both IL-12 and TNF-« secreted from Mo-DCs-Tum
induce NF-xB activation in Mo-DCs

Since both IL-12 and TNF-a are target genes of NF-«B,
induction of NF-kB activation in Mo-DCs-Tum was
examined (Fig. 4). NF-xB activation was estimated as
translocation of NF-xB p65 to the nuclei of Mo-DCs by
EMSA. Enhanced nuclear translocation of NF-«B was
observed in Mo-DCs-Tum. Nuclear translocation of
NF-«xB was stronger in Mo-DCs-Tum-N than Moe-DCs-
Tum-A (Fig. 4a). In the presence of anti-TNF-x neu-
tralizing antibody, nuclear translocation of NF-xB in
Mo-DCs-Tum was suppressed (Fig. 4b). In the presence
of anti-IL-12 neutralizing antibody, nuclear transloca-
tion of NF-kB in Mo-DCs-Tum was also suppressed
(Fig. 4c). These data suggest the close relationship be-
tween TNF-a, IL-12, and NF-xB. The data are repre-
sentative of three independent experiments using Mo-
DCs generated from three different donors.
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To confirm the relationship between TNF-a, IL-12, and
NF-kB activation, a specific NF-xB inhibitor PDTC was
used. In the presence of PDTC, nuclear translocation of
NF-kB in Mo-DCs-Tum was certainly suppressed
(Fig. 5a). The data are representative of three indepen-
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different donors. IL-12 p40 secretion by Mo-DCs-Tum
in the presence of PDTC was decreased significantly in
comparison to that of Mo-DCs cultured in the absence
of PDTC (Fig. 5b; p<0.001). The data are re-
presentative of three independent experiments using
Mo-DCs generated from ten different donors. Addition
of recombinant TNF-a could not ameliorate the de-
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creased IL-12 secretion in PDTC-treated Mo-DCs-Tum
(Fig. 5b). Similarly, TNF-& secretion by Mo-DCs-Tum-
N or Mo-DCs-Tum-A in the presence of PDTC was
decreased significantly in comparison with that in the
absence of PDTC (p<0.001 and p=0.002, respectively;
Fig. 5c). The data are representative of three indepen-
dent experiments using Mo-DCs generated from ten

-different donors. These data indicate the TNF-o/IL-12 /

NF-xB autocrine loop in Mo-DCs-Tum.

Discussion

We showed that Mo-DCs-Tum secrete comsiderable
amounts of IL-12 and TNF-« through the IL-12/TNF-x/
NF-kB autocrine loop.
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Fig. 5 a NF-xB activation in Mo-DCs-Tum in the presence of
100 pM of PDTC. Six hours after the GCTM-1 cell pulsation,
nuclear translocation of NF-kB in Mo-DCs was examined by
EMSA. Lane I Mo-DCs-Tum-A, Lare 2 Mo-DCs-Tum-A treated
with 100 pM PDTC, Lane 3 Mo-DCs-Tum-N, Lane 4 Mo-DCs-
Tum-N treated with 100 pM PDTC. Data are the ratio of Mo-
DCs-Tum in the presence of PDTC to Mo-DCs-Tum in the
absence of PDTC as calenlated by NIH image. The data are
representative of three independent experiments using Mo-DCs
generated from three different donors. b IL-12 p40 secretion by
Mo-DCs-Tum treated with 100 uM of PDTC with or without 200
U/ml of recombinant TNF-a. Mo-DCs (10%) were cocultured with
1x10° dead GCTM-1 cells for 24 h. Cell-free culture supernatants
were collected, and the concentration of TNF-x was measured by
ELISA. Data are mean + SE (bars). The data are representative of
three independent experiments using Mo-DCs generated from ten
different donors. ¢ TNF-a secretion by Mo-DCs-Tum in the
presence of 100 pM of PDTC. Mo-DCs (10*) were cocultured with
1x10° dead GCTM-1 cells for 24 h, Cell-free culture supernatants
were collected, and the concentration of TNF-o was measured by
ELISA. Data are mean * SE (bars). The data are representative of
three independent experiments using Mo-DCs generated from ten
different donors

We first showed a possibility that TNF-« secreted
from Mo-DCs-Tum induces further IL-12 secretion
from them, and similarly IL-12 secreted from captured
Mo-DCs induces further TNF-a secretion from them
{Fig. 3). These findings lead to speculation regarding the
existence of a TNF-«/IL-12 autocrine loop in Mo-DCs-
Tum. Antibodies against TNF-a or IL-12, however,
could not completely suppress the secretion of these
cytokines. In addition, recombinant TNF-« did not in-
duce significant IL-12 secretion from Mo-DCs-Tum-N.
Therefore, our data also indicate that some other
mechanisms different from the TNF-«/IL-12 autocrine
loop play roles in cytokine secretion from Mo-DCs-
Tum. Why do Mo-DCs-Tum secrete both TNF-a and
IL-12? It has been shown that transcription of TNF-a is
regulated by NF-kB activation [20] and that TNF-« acts
in an autocrine manner to induce NF-xB activation in
Mo-DCs [23]. In addition, it has been reported that IL-
12 secretion of DCs from mice with a double knockout
of the NF-«xB subunits p50 and cRel was impaired [19].
IL.-12 is also a target gene of NF-xB in humans [7}].
These data indicate that NF-xB activation plays a key
role in secretion of both TNF-« and 1L-12 in Mo-DCs-
Tum. This possibility may be strongly supported by data
showing that an NF-«B inhibitor, PDTC, significantly
reduced secretion of both TNF-& and IL-12 in Mo-DCs-
Tum (Fig. 5). The next question is what the initial
NF-xkB activation factor is. Many factors such as
lipopolysaccharides, microbial stimuli, viral infection,
proinflammatory cytokines, double-stranded DNA, and
heat shock proteins (HSPs} have been reported to be
activators of NF-xB [2, 4, 10, 14, 26-28]. We have
shown that both secretion of IL-12 and activation of
NF-xB induced by a streptococcal preparation OK-432
were suppressed when Mo-DCs were pretreated with an
inhibitor of endocytasts, cytochalasin B [12], suggesting
a possibility that NF-xB activation may be induced in
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Fig. 6 Possible model of IL-12 and TNF-a secretions through
IL-12/TNF-o/NF-kB autocrine loop. NF-xB activation is induced
in Mo-DCs-Tum (step 1). NF-xB activation induces secretion of
both TNF-« and IL-12 (step 2). Both IL-12 and TNF-« secretions
induce further NF-xB activation (step 3). Enhanced NF-xB
activation induces further secretion of 1L-12 and TNF-a. Thus,
IL-12, TNF-a, and NF-xB form an autocrine loop in Mo-DCs-Tum

Mo-DCs by capture of dead tumor cells. We are now
speculating on at least two possibilities. One possibility
is that capture of dead tumor cells induces first TNF-«
secretion and then TNF-a secretion stimulates NF-xB
activation. Another possibility is that the capture of
dead tumor cells directly induces NF-xB activation.

In conclusion, it seems likely that captured Mo-DCs
secrete a large amount of IL-12 and TNF-« through the
IL-12/TNF-o/NF-kB autocrine loop (Fig. 6). Briefly,
NF-kB activation is induced in Mo-DCs-Tum (step 1).
NF-kB activation induces secretions of both TNF-a and
IL-12 (step 2). Both IL-12 and TNF-« secretions induce
further NF-xB activation (step 3). Enhanced NF-xB
activation induces further secretion of IL-12 and TNF-a.
Thus, IL-12, TNF-a, and NF-«xB form an autocrine loop
in Mo-DCs-Tum. Such an enhanced NF-xB activation
in Mo-DCs-Tum induces them to secrete a large amount
of IL-12 and TNF-«. However, it is still unknown to
what degree the IL-12/TNF-o/NF-xB autocrine loop
plays a role in IL-12 and TNF-xz secretions from Mo-
DCs-Tum. Identification of an initial signal or key
molecule (step | in Fig. 6) operating the IL-12/TNF-o/
NF-xB autocrine loop might provide new insights that
could foster development of an effective antitumor
immunotherapy.
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Case report -

Dendritic-cell therapy after non-myeloablative
stem-cell transplantation for renal-celi

carcinoma

Mine Harada, and Seul Naito

Lancet Oncof 2004; 5 750-52

‘Treatment of advanced renal-cell carcinoma is generally by
nephrectomy before systemic therapy, even in patients with
metastatic disease. Most patients with-metastasis are treated
with interferon alfa and interleukin 2 after surgery because
advanced renal-cell carcinoma is highly resistant to
chemotherapy and radiotherapy. Howéver, studies have
shown that non-myeloablative allogeneic peripheral-
blocd stemn-cell tramsplantation leads to'a graft-versus-
tumour effect in patients with metastatic renal-cell
carcinoma.*

2 nght renal mmour in July, 1998: H1stopathologm] analysis
showed renal-cell carcinoma of clear-cell type 2 years after.
surgery, the patient developed mictastadis- in the lung and
bone, and was subsequently’ piven immimotherapy with
interferon alfa and interleukin 2. However; the metastasis
progressed during immunotherapy and the patient
underwent a non-myeloablative allogeneic peripheral-blood
stem-cell transplantation in Qctober, 2002, The day of
infusion of donor cells was called day 0 in this protocol. The

Figure 7, Clinical course of ransplantation. A- Lung ma:asras.'s and pleyra! effusron before transplantation. 8: Chest CT scan shows ground glass.
opacity 72 days after trensplantation. C: No prasence of pleural effusion or lesion 155 deys efter transplamtation, D:: Tumour growrh 340 days after

transplantation.
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doner monocytes (B).

patient received 30 mg/m* per day fludarabine from day 8
before donor-cell infusion to day 3 before infusion; 4 mg/kg
Jbusulfan on days 6 and 5 before infusion; 3 mg/kg ciclosporin
the day before infusion; and an infusion of 5X 10/kg CD34-
positive vells on the day of infusion from a donor sibling with
a mismatch at 2 single HLA locos. 5 mg/m® methotrexate
given on days 1, 3, and 6 aftér"donor-cell infusion and the
patient also: received 3 mg/kg. cidosporin' daily after
transplantation to prevent acute graft-versus-host diséase;
The patient showed mixed chimerism for a short period
and as a result we lowered the concentration of ciclosporin,
‘which resulted in the onset of graft-versus-host disease,.
70 days after the transplantation, the patient had dry eyes, a’
cough, and dyspnoea:‘Chest CT showed ground glass opacity
and pleural effusion compatible with interstitial pneumonia
{bguare 1B), which was treated by §
‘methylpreduisolone for 3 days),
graft-versus-host disease, the recipie .
changed completely into’ donor-type cells. ‘Although: ilie:
tumour continued to ‘grow for: 3 months after
myelosuppressive- tréatment, tumour’ effusion and ‘pletiral
effusion decreased after the onset of graft-versus-host disease
{figore JA and 1C): However, to control the graft-versus-host
disease, the patient continued immunosuppressive therapy
with 5-15 mg predonisolone daily and 25 mg ciclosporin daily

for over 1 year; the' tumour regrew 11 months after
transplantation (figare 1DY.. - ‘

Interferon alfa or interleukin 2 has been given to patiénts
who had progres Jisease after transplantation’ Ir some
patients who receiveiinimunosuppressive tréatment to control
severe graft-versus-hiost. disease, use’ of intérferon alfa and
interleukin 2 after transplantation might enhance the graft-
versus-host disease elicited by the allograft, Several dlinical
trials* have established the safety and feasibility of
immunotherapy with:dendritic cells, which can elicit specific
antitumour Jimmune responses -and some clinically
meaningful tesponses. -Furthermore, na serious adverse
effects “or clinical igns: of an autoimmune reaction -
recorded in these ‘trials, Theréfore, we atter \
‘patientimmunotherapy by tisé of dend
- This ‘immunotherapeutic: techniqu
&xirdcted from. peripheral-blood “cefl
the time of monccyte extraction, ‘laboratory :analysis
showed a high <Concentration of C-reactive protein
{72-4 mg/L) and siild anaemia (red-cell count 3-0X10°L,

sed ‘méiiocytes
f the patient. At

Figure 2. Microscopic analysis of monocytes after stimidation with tumour necrosis lactor alfa and
dinoprostone. Stimulated morocytes from the patient (A) show.no dendritic shape compared with

showed that the maturation’

cells. in the patient’s sample thari in"the donor. s
CD83-positive cells: Mature’ dendritic: cells -ustial
express MHC class 1L mdlecules and costimulatory maie

ase report

haemoglobin 1-37 mmol/L). White-cell
count “was -within the normal range
(7:07%10%L). All monocytes from the
patient ‘were thought to be derived
from the domor cells because complete:
chimerism had been already’ éstab-
Jished iri-the patient. Monocytes were
coftured i RPMI1640 medium
supplemented wﬂ:h 5% human serum.
albumin:in: the presence of 100, wgfL.
molgramostim and 50 pg/L interleikin
4 for'7-days. The colture’ medium was'
changed on day 3. On day 7 the
dendritic cells ‘were -pulsed +Ath
100 mg/L autologous tumour lysate overnight and stimulated
with 200 U/ml tumour necrosis factor alfa and. 1 -mg/L-
dinoprostone for 2. days. Because preliminary experiments
nof dendritic cells from: the
monocytes of the patient was inadequate, we compared the
dendritic-cell maturation.of the patient’s cells with that of the
donor cells. Analysis-of ‘the shapeand phenotypes
cultured ceils after stiniulation with tamour necrosis factor
alfa ‘and dinoprostone showed that stimulated monocytes
from the patient were smaller than fhos’é from the donor; and’
that no dendrites were present after stimulation (figure 2A).
We then confirmed the phenotype of the cells by flow

cytometry: staining of stirnulated cells with CD83 molecules

{monocyte markers), and analysis of forward scatter and side”
scatter showed a lower number of Jarge cells such as dendritic

ighly
£ iolecules
such as CD80 or CD86. However, the CD83-positive: cells

from the patient showed:low’ expression of MHC class 11,

CD30, and CD86 after sumulation (figure 28 and figure 3).
These results suggest that monocytes from the patient poorly
differentiated into dendritic cells: ‘Thus, we. scheduled
imrmunotherapy with dendritic ¢élls derived from the donor’s
peripheral-blood cells. [-0-39X10° matire dendritic cells
pulsed with tamour lysate' (100 mg/L) ‘were given
intradermally every week for 5 weeks and every other week for

Figure 3. Phenotyps of COBS-positive calls after stifulation. Number ot
farge cells with & dend! ell phenolybe fror the patient was lower
Hhan that from the do)

statter (SSC). CD83-positive cells from the donor highty expressed HLA-

DR, CD80, and CDBE after stimidation:
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delayed- -type hypersensitivity by'the iﬁj&cu’on of dendritic cells
-3 months after initiation of dendritic-cell therapy,

There séems to be some difficulties regarding

zmmunotherapy for patients with ‘graft-versus-host - disease,
5. A:previous study

even with use of donor dendritic:¢

showed that steroid treatmeénit mhletS dendriticcell funiction.
invitro. Inour patient, immiinosuppressivé treatments coutd.

‘have suppressed antigen presentation or T-cell stimulation by
dendritic cells; T-cell function also might have been.
suppressed. In conclusion, effective immanotherapy with
dendritic cells for patients with graft-versus-host disease who
have ‘undergone allogeneic ~peripheral-blood stem-cell
transplantation can be problematic,.
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Dendritic cell-based immunotherapy of cancer with
carcinoembryonic antigen-derived, HLA-A24-restricted
CTL epitope: Clinical outcomes of 18 patients with
metastatic gastrointestinal or lung adenocarcinomas
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Abstract. We conducted a clinical study of cancer vaccine
therapy with dendritic cells (DCs) and HLA-A24-restricted
carcinoembryonic antigen (CEA)-derived peptide to assess
the feasibility and efficacy of such therapy. Eighteen patients
with CEA-expressing metastatic gastrointestinal or lung
adenocarcinomas who were positive for human leukocyte
antigen (HLA)-A24 were enrolled. DCs were generated from
the patients’ autologous monocyte-enriched fractions of
granulocyte colony-stimulating factor-mobilized peripheral
biood mononuclear cells in the presence of granulocyte/
macrophage colony-stimulating factor and interleukin-4. The
generated DCs were pulsed with CEA-derived, HLA-A24-
restricted 9-mer peptide (CEA652) and injected into the
patients intradermally and subcutaneously every 2 weeks.
Toxicity and clinical and immunological responses were
closely monitored in each patient. No severe toxicity directly
attributable to the treatment was observed, and the vaccine
was well tolerated. Although no definite tumor shrinkage
occurred in any patient, long-term stable disease or marked
decreases in the serum CEA level were observed in some
patients after therapy. Most of the patients in whom treatment
was clinically effective showed a positive skin response to
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CEA652-pulsed DCs (delayed-type hypersensitivity skin test)
and a positive in vitro CTL response to CEA652 peptide after
therapy. We conclude that active specific inmunotherapy using
DCs pulsed with CEA652 is a safe and feasible treatrnent
that is clinically effective in some patients with metastatic
gastrointestinal or lung adenocarcinomas. Our results will
hopefully encourage further refinement and development
of DC-based immunotherapy with HLA-A24-restricted
CEA-derived peptide for refractory solid cancers that express
CEA.

Introduction

Gastrointestinal and lung adenocarcinomas are common
malignancies and a major cause of cancer-related mortality,
Many patients who undergo surgery for these diseases remain
at high risk for recurrence. However, there is no definitive
therapy, including chemotherapy and radiotherapy, for
advanced or recurrent gastrointestinal and lung adeno-
carcinomas. Thus, novel therapeutic strategies for these
diseases are being actively pursued.

Carcinoembryonic antigen (CEA} is a 180-kDa oncofetal
glycoprotein that is overexpressed in most gastrointestinal
and lung adenocarcinomas and widely used as a serological
marker of these cancers. It is also an adhesion molecule that
plays a role in metastasis by mediating the attachment of
tumor cells (1). CEA is thus considered a suitable target
molecule for the development of specific immunotherapy. A
cytotoxic T lymphocyte (CTL) response against CEA has
been demonstrated in clinical studies of vaccinia-CEA vaccine,
and a human leukocyte antigen (HLA)-A2.1-restricted CTL
epitope peptide of CEA, CAP-1, has been identified (2). In
1998, a CEA-derived 9-mer peptide, CEA652 (T'YACFVSNL),
was identified as a potent CTL epitope restricted with HLA-
A24, which is the most common HLA class I allele in the
Japanese population (present in 60-65%) (3).



