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potential antigen sources, Tu-exosomes should be selectively
isolated. For this purpose we used Ab-beads to obtain, in a
relatively selective manner, HER2-containing Tu-exosomes
from ascitic fluid-derived exosomes of a patient with ovarian
cancer. Thus, it may be possible to collect Tu-exosomes with
beads coupled to antibodies to multiple tumor antigens.

Dexosomes, secreted from DCs, express both MHC class II
molecules and costimulatory proteins such as CD80 and
CD86; they can also stimulate naive CD4+ T cells (21).
Platelet-derived exosomes also have biological functions (13).
Although the data obtained in the present study indicate that
Tu-exosomes may also have biological functions, these
functions remain unknown.

We determined whether Tu-exosomes can affect the
proliferation of parental cells. Tu-exosomes derived from BT-
474 cells stimulated the proliferation of BT-474 cells,
suggesting a biological function. Membrane transfer has been
reported in vitro in systems involving or not involving cell-cell
contact. Furthermore, it has been suggested that exosomes
bear combinations of ligands that can bind different cell-
surface receptors simultaneously and that exosomes can fuse
with target cells and exchange membrane proteins between the
two cell types. Tu-exosomes bound to the surface of BT-474
cells; thus, there is a possibility that proteins in Tu-exosomes
stimulated a proliferation-related signaling pathway in BT-474
cells. To examine the molecular mechanisms of Tu-exosome-
mediated proliferation increases, we are investigating the
expression of cell cycle-related proteins in BT-474 cells at both
the mRNA and protein levels. In conclusion, Ab-beads may be
useful as experimental and therapeutic tools in studies into the
functional roles of exosomes.
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Evaluation of a Dysfunctional and Short-lived Subset of
Monocyte-derived Dendritic Cells from Cancer Patients
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Abstract. Monocyte-derived dendritic cells (Mo-DCs) were
generated from peripheral blood monocytes of 12 healthy
volunteers (hMo-DCs) and 11 patients (pMo-DCs) with
malignancies by culture for 7 days with granulocyte-
macrophage colony-stimulating factor and interleukin-4. In
this study, we focused on the cytogram pattern by FACS
analysis. A gate (R1) was set up by which more than 95% of
hMo-DCs were contained. Mo-DCs having lower side scatter
than the R1 (R2) comprised 4.5% of hMo-DCs and 24.2% of
PMo-DCs.  Expressions of antigen presentation-related
molecules and phagocytic ability in the R2 of pMo-DCs were
lower than those in the RI population. The R2, but not R1, in
PMo-DCs decreased in number between days 7 and 14, and
expression levels of antigen presentation-related molecules in
the living pMo-DCs on day 14 increased. The 11 patients
received dendritic cell vaccine therapy with autologous, tumor-
pulsed mature Mo-DCs (day 7). The low R2 group (R2<10%,
3 patients) had a significantly higher positive delayed-type
hypersensitivity reaction against autologous tumor-pulsed
Mo-DCs than that of the high R2 group (R2>10%, 8 patients)
(p<0.001). These results indicate that the R2 of pMo-DCs may
be a dysfunctional and short-lived subset.

Dendritic cells (DCs), which are known as professional
antigen-presenting cells (APCs), can induce both the
generation and proliferation of specific cytotoxic T
lymphocytes (1-6). DCs capture and process antigens, move
to the T-dependent areas of secondary lymphoid organs and
stimulate naive T cells. Only DCs are capable of inducing
primary sensitization against specific antigens in naive T cells
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(1). The ability to present exogenous antigens to CD8+ T
cells through "cross-presentation" is an important feature of
DGCs (7, 8). Recent advances in biotechnology have made it
possible to generate DC-like APCs (Mo-DCs) from peripheral
biood mononuclear cells (PBMCs) with granulocyte-
macrophage colony-stimulating factor (GM-CSF) and
interleukin-4 (IL-4) (9). Thus, Mo-DCs have become popular
candidates for DC-based immunotherapy for patients with
malignancy of various types (10-19). Unfortunately, the
therapeutic efficacy of these DC vaccines has been quite
limited. One possible reason is that the antigen-presenting
capacity of Mo-DCs generated from cancer patients (pMo-
DCs) is impaired (20-26). It has been proposed that DCs
mediate both T cell immunity and T cell tolerance and that
these opposite functions may be linked to the dynamic
maturation of DCs (27). If pMo-DCs have impaired
maturation ability, pMo-DCs administered to cancer patients
may remain immature and sensitize T cells to cancer-related
antigens. Although it has been shown that several tumor-
secreted factors such as venous endothelial growth factor,
IL-6, IL-10 and transforming growth factor f1 (TGF-1) are
able to inhibit the full maturation of functional DCs (28-30),
little is known about the reasons why the antigen-presenting
ability of pMo-DCs is impaired. To potentiate the efficacy of
Mo-DC-based vaccine therapy, a greater understanding of
antigen presentation-related functions of pMo-DCs is needed.

Our previous study showed that pMo-DCs of advanced
gastrointestinal cancer patients are not only dysfunctjonal
in antigen-presenting ability, but that they also have a
relatively short lifespan (26). In this study, therefore, we
focused on the identification of this dysfunctional and short-
lived pMo-DC subset.

Materials and Methods

Patients. Eleven patients with stage IV carcinoma (3 pancreas, 3
rectum, 2 colon, 2 stomach and 1 gall bladder carcinoma), for whom
no other standard therapy option was possible, were enrolled in the
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Table 1. Characteristics of study patients.

No.  Age? Gender Primary site DTH  Survival
% of R2 timeb
1 43 M stomach 2.8 + 10
2 38 M rectum 5.7 + 24
3 49 F rectum 6.2 + 16
4 64 F colon 14.6 + 5
5 65 F pancreas 18.0 + 10
6 72 M colon 23.4 - 6
7 45 F rectum 23.4 - 15
8 65 M stomach 317 - 2
9 49 M gall bladder 41.6 - 7
10 55 M pancreas 45.1 - 2
11 72 F pancreas 54.0 - 4

Eleven patients with advanced cancer (stage 1V), who were enrolled in the
present study and-were not involved in any previous chemotherapy,
radiotherapy, or immunotherapy. Patients were divided into a low R2
group (R2=10%, 3 patients) and a high R2 group (R2 > 10%, 8 patients).
iyears

bmonths

phase I study; for ethical reasons, no control group was created. The
research ethics committee of the Faculty of Medicine, Kyushu
University, Japan, approved the study protocol. All patients gave
written, informed consent at the time of enrollment. Patient profiles
are shown in Table I. Staging was done in accordance with the
American Joint Committee on Cancer criteria (31). Twelve healthy
volunteers, whose sex and age were matched with those of the
patients, were enrolled as control subjects. Informed consent was
also obtained from the healthy volunteers.

Generation of Mo-DCs. PBMCs were isolated from heparinized
peripheral blood from the patients and healthy volunteers by Ficoll
Paque (Life Technologies, Gaithersburg, MD, USA) density
gradient centrifugation. PBMCs were resuspended in GMP-grade
RPMI 1640 (Hy-Media, Nipro, Tokyo, Japan ) with 1% human
albumin (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 4-h incubation at 37°C, the
non-adherent cells were removed, and the adherent cells were
harvested and cultured in RPMI medium supplemented with
GM-CSF (200 ng/ml; Genetech Co., China) and IL-4 (500 U/ml;
Osteogenetics, Wuerzburg, Germany). On day 7, non-adherent cell
fractions were collected as immature Mo-DCs and examined.

Tumor cells. Autologous tumor cells were collected from malignant
effusions, CT-guided biopsy specimens, or probe laparotomy
specimens. Tumor specimens were minced with scalpels and passed
through metal meshes of decreasing pore size. Cells were cultured
in serum-free enriched culture medium (EBM2; Sanko Junyaku,
Tokyo, Japan) containing basic fibroblast-growth factor, epidermal
growth factors and insulin. To avoid any decrease in tumor-
associated antigens, no chemical digestion was done. This
procedure yielded a tumor-enriched cell line for Mo-DC-vaccine
therapy. A human gastric adenocarcinoma cell line, GCTM-1, was
used for in vitro experiments.
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Flow cytometry (FACS) analysis. To analyze the cytogram and the
expression of antigen presentation-related molecules in Mo-DCs, the
cells were incubated for 1 h with anti-CD80 or anti-HLA-ABC (BD
Pharmingen, San Diego, CA, USA) conjugated to FITC or anti-
CD1lc or anti-HLA-DR conjugated to PE (BD Pharmingen). The
isotype controls were IgGl and 1gG2a (BD Pharmingen). For
staining, cells were washed two times with phosphate-buffered saline
(PBS) and then incubated for 1 h at 4°C in (FACS buffer)
containing 3% BSA (Sigma, St. Louis, MO, USA) and 0.1% NaN,
(Sigma) in PBS as well as the appropriate concentration of labelled
mAb. After a washing with FACS buffer, the fluorescence intensity
of gated Mo-DC populations was measured with a FACS Calibur
flow cytometer (Becton Dickinson, Franklin Lakes, NJ, USA) and
the data were analyzed by CELLQuest software (Becton Dickinson).

Cytogram pattern analysis of Mo-DCs. The cytogram pattern of
hMo-DCs was more homogeneous than that of pMo-DCs. Mo-DCs
were divided into two populations according to the cytogram
pattern. A gate was set up in which more than 95% of hMo-DCs
were contained; these hMo-DCs were designated as the R1
population in this study; hMo-DCs in the lower side scatter (SSC)
gate were designated as the R2 population.

Capture of lysed GCTM-1 tumor cells by Mo-DCs. The membrane
components of lysed GCTM-1 cells were labelled with the PKH 67
green fluorescent cell linker kit (Sigma), and Mo-DCs were labelled
with PE-conjugated HLA-DR mAb (BD Pharmingen), according to
the manufacturers’ protocol. Fluorescence-labelled Mo-DCs and
lysed tumor cells were co-cultured at an original cell ratio of 1:1 for
4 h at 37°C or 4°C, washed, and then applied to a FACS Calibur
flow cytometer. The fluorescence intensity data were analyzed with
CELLQuest software. Both PKH 67-positive and HLA-DR-positive
cells (double-positive cells) in gated Mo-DCs populations were
defined as lysed tumor cell-captured Mo-DCs.

Procedure for Mo-DC vaccine. Autologous tumor cells were
resuspended in 2 ml of serum-free RPMI medium and lysed by 5
freeze and thaw cycles. Immature Mo-DCs were incubated with the
lysed tumor cells overnight (Mo-DCs:tumor cells=5:1). Tumor-
pulsed Mo-DCs were further cultured in the presence of 40%
monocyte-conditioned medium for Mo-DC maturation, as
previously described (32). Tumor-pulsed mature Mo-DCs ([1-10]
x10¢ cells) suspended in 2 ml of 1% human albumin-containing
physiological saline solution were injected subcutaneously in a left
supraclavicular lesion every 2 weeks for as long as possible.

Delayed-type hypersensitivity (DTH) skin-test reaction. For testing the
tumor-specific response, tumor-pulsed Mo-DCs (105 cells/ml) were
administered intradermally before and after the treatment. A
positive DTH skin-test reaction was defined as an induration
greater than 5 mm after 48 h.

Statistical analysis. Fisher’s exact probability test was used for
statistical analyses. Calculations were carried out with StatView
software (Abacus Concepts, Berkeley, CA, USA). All results with a
p value of less than 0.05 were considered statistically significant.

Results

Cytogram pattern of Mo-DCs on day 7. R1 and R2
populations of immature Mo-DCs on day 7 were identified
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Figure 1. (4) FACS analysis of representative cytogram patterns of hMo-DCs and pMo-DCs on day 7. The R1 gate, which contains more than 95% of
hMo-DCs, is determined by forward and side scatter on day 7. R2 comprises Mo-DCs not in R1. (B) Percentages of the R2 population of hMo-DCs
(filled column, n=12) and pMo-DCs (dotted column, n=11) on day 7. The results are presented as mean=*SE (bars) values.

by the cytogram pattern of FACS analysis, and hMo-DCs
had a higher SSC pattern, whereas pMo-DCs had a lower
SSC pattern (Figure 1A). The percentage of R2 in
pMo-DCs (n=11, 24.2:5.2%) was significantly higher than
that in hMo-DCs (n=12, 4.5+0.6%) (p=0.001, Figure 1B).

The expressions of antigen presentation-related molecules in
R1 and R2 populations of Mo-DCs on day 7. The expressions
of antigen presentation-related molecules in R1 and R2
populations were compared between hMo-DCs (n=6) and
pMo-DCs (n=6) (Figure 2). The expressions of CD80,
CD1lc and HLA-ABC in the R2 population of hMo-DCs
were significantly lower than those in the R1 population
(p=0.031, 0.033 and 0.020, respectively). The expressions of
CD80, CD1lc, HLA-DR and HLA-ABC in the R2
population of pMo-DCs were also significantly lower than
those in the R1 population (p=0.013, 0.033, 0.028 and 0.048,
respectively). When the expressions of these molecules in
the R1 populations of hMo-DCs and pMo-DCs were
compared, only CD80 expression in the R1 population of
pMo-DCs was lower than that in the hMo-DCs (p=0.050).
Similarly, only CD80 expression in the R2 population of
pMo-DCs was significantly lower than that in the R2
population of hMo-DCs (p=0.006).

Phagocytic ability of pMo-DCs in R1 and R2 populations on
day 7. A dot plot pattern of a representative case is shown in
Figure 3A. In this case, even though 47% of the R1
population of pMo-DCs captured the lysed GCTM-1 cells,
only 7.7% of the R2 population of pMo-DCs captured the
lysed GCTM-1 cells. Data for pMo-DCs generated from 5
patients are shown in Figure 3B. The percentage
(10.0%2.2%) of Mo-DCs capturing the lysed GCTM-1 in
the R2 population was significantly lower than that

(39.0+7.7%) in the R1 population (p=0.023), suggesting
that the phagocytic ability of the R2 population was lower
than that of the R1 population. Capture of lysed GCTM-1
cells by pMo-DCs was not due to non-specific binding
because the percentage of double-positive pMo-DCs at 4°C
was less than 5%.

Cytogram pattern and expressions of antigen presentation-
related molecules of Mo-DCs on day 14. The percentage of
the R2 population in hMo-DCs and pMo-DCs on day 14
was measured. In hMo-DCs, no significant change in cell
number was found between day 7 and day 14. In pMo-DCs,
however, a significant decrease in cell number was found on
day 14 compared to day 7, as found in our previous study
(26). A representative cytogram is shown in Figure 4A. The
cytogram pattern of pMo-DCs was very similar to that of
hMo-DCs on day 14. No significant difference in the
percentage of the R2 population was observed between
pMo-DCs (n=8, 5.1%1.0%) and hMo-DCs (n=8,
4.9%1.1%) on day 14 (Figure 4B).

The expressions of antigen presentation-related molecules
in the R1 population of hMo-DCs (n=6) and pMo-DCs
(n=6) on day 14 are compared in Figure 5. No significant
differences in the expressions of molecules examined were
observed between hMo-DCs and pMo-DCs that survived
until day 14.

Relationship between the DTH reaction after Mo-DC-vaccine
therapy and the R2 population of pMo-DCs. Eleven patients
received Mo-DC-vaccine therapy with autologous tumor-
pulsed mature Mo-DCs. Patient profiles are provided in
Table 1. Autologous tumor-pulsed mature pMo-DCs on day
7 were injected subcutaneously every 2 weeks. Two months
after therapy, the reaction of DTH was estimated using
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Figure 2. The expressions of antigen presentation-related molecules in R1 (filled column) and R2 (dotted column) populations of hMo-DCs (n=6) and
PpMo-DCs (n=6) on day 7. The results are presented as mean+SE (bars) values.
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Figure 3. Phagocytic ability in immature pMo-DCs on day 7. (A) The data are the log of fluorescence intensity of the R1 and R2 populations. The
percentage of double-positive cells is shown in the upper right corners. (B) Percent phagocytosis of R1 populations (filled bars) and R2 populations
(dotted bars) derived from 5 different pMo-DCs. Results are presented as mean+SE (bars) values.

autologous tumor-pulsed Mo-DCs to assess the
effectiveness of the immunotherapy. The patients were
divided into a low R2 group (R2<10%, 3 patients) and a
high R2 group (R2 > 10%, 8 patients). The low R2 group
(3/3) had a significantly stronger positive DTH reaction than
that of the high R2 group (2/8) (p<0.001, Table I). Patients
in the low R2 group had a significantly longer survival time
than that of patients in the high R2 group (Figure 6).

Discussion
The results of our previous study indicated that Mo-DCs

from patients with advanced cancer contain a dysfunctional
and short-lived Mo-DC subset (26). In this work, we focused
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on the specification of the dysfunctional and short-lived Mo-
DC subset to estimate the nature of pMo-DCs.

It is known that the cytogram pattern of FACS analysis
differs between monocytes and Mo-DCs. When monocytes
differentiate to Mo-DCs, the Mo-DC cytogram moves to the
upper right. Based on these findings, to identify this short-
lived Mo-DC subset, the cytogram pattern of Mo-DCs was
analyzed by FACS. A gate (R1) was set up in which more
than 95% of Mo-DCs generated from 12 healthy volunteers
(hMo-DCs) were contained. The area having lower side
scatter than R1 was named R2 and is similar to a gate for
monocytes. On day 7, the percentage of the R2 population in
pMo-DCs was significantly higher than that in hMo-DCs
(Figure 1). In addition, pMo-DCs in R2 had significantly
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Figure 4. (4) FACS analysis of representative cytogram patterns of hMo-DCs and pMo-DCs on days 7 and 14. (B) Percentages of R2 population of hMo-

DCs (filled column, n=8) and pMo-DCs (dotted column, n=8) on day 14.

lower expressions of MHC and costimulatory molecules and
a lower phagocytic ability than those in R1 (Figures 2 and 3).
On day 14, however, the number of pMo-DCs decreased to
three-quarters of that of day 7. The cytogram pattern of
pMo-DCs also changed between day 7 and day 14 (Figure 4);
the percentage of R1 in pMo-DCs increased. In hMo-DCs,
however, neither cell number nor cytogram pattern changed
between day 7 and day 14 (Figure 4). The cell number in R1
of pMo-DCs did not change significantly between day 7 and
day 14, suggesting that mainly pMo-DCs in R2 were dying
between day 7 and day 14. If so, R2 is a short-lived subset.
Nevertheless, we cannot rule out completely the possibility
that pMo-DCs in R2 changed to those in R1. This latter
possibility is unlikely since it requires that Mo-DCs in R1
are short-lived.

Consistent with our previously reported findings (26),
expressions of antigen presentation-related molecules of
pMo-DCs were weak compared with those of hMo-DCs
(Figure 2). Interestingly, most pMo-DCs in R2 disappeared
between day 7 and day 14, and the difference in expressions
of antigen presentation-related molecules between pMo-DCs
and hMo-DCs also disappeared on day 14 (Figure 5). We
conclude that the R2 population of pMo-DCs is
dysfunctional and short-lived. Some investigators have
shown that tumors impair dendritic cell differentiation from
monocytes (33). In the present study, the R2 population had
almost the same cytogram pattern as monocytes. We now
speculate that those pMo-DCs which belong to R2 are

The results are presented as mean=SE (bars) values.

insufficiently differentiated Mo-DCs. In fact, the mean
fluorescence intensity of CD14 in R2 was higher than that in
R1 (data not shown).

DC vaccine therapy with autologous tumor-pulsed Mo-DCs
for patients with advanced malignancies is being evaluated in
our laboratory. Based on our hypothesis that pMo-DCs that
belong to R2 are insufficiently differentiated Mo-DCs, we
analyzed the relationship between the percentage of the R2
population in pMo-DCs and the induction of tumor-specific
immunological response. We used the DTH skin-test reaction
against tumor-pulsed Mo-DCs as a tumor-specific response.
As expected, a higher DTH-positive reaction after the
therapy was induced in patients whose Mo-DCs contained a
smaller R2 population (Table I). This suggests that Mo-DCs
containing a smaller R2 population have a higher antigen
presentation ability in vivo. This possibility is partly supported
by the finding of a longer survival time in patients who
received Mo-DCs containing a smaller R2 population (Figure
6). Our results indicate that we may be able to improve the
efficacy of DC vaccine therapy by treating the R2 population
in pMo-DCs. When anti-TGF-B1 antibody was added to the
initial culture of monocytes, Mo-DCs in R2 significantly
decreased, and both the expressions of MHC and co-
stimulatory molecules as well as the phagocytic ability of
pMo-DCs were improved (data not shown). It has been
reported that the overexpression of TGF-B1 enhances cell
invasion of fibrosarcoma, prostatic carcinoma and mammary
adeno-carcinoma cells, with a consequent increase in the
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Figure 5. Expressions of antigen presentation-related molecules in R
populations of hMo-DCs (filled column, n=6) and pMo-DCs (dotted
column, n=6) on day 14. The results are presented as mean+SE (bars)
values.

metastatic potential of the tumor (34-36). In addition, it has
been shown that tumor-derived TGF-$1 reduces the efficacy
of DC vaccine (37, 38). Although these findings suggest that
TGF-81 may partly contribute to generation of the R2
population in Mo-DCs obtained from patients with
malignancies, we have no definite recommendation for
overcoming this problem.

In conclusion, Mo-DCs in the R2 population are a
dysfunctional and short-lived subset. The percentage of R2
population in Mo-DCs may be a useful index for evaluating the
quality of Mo-DCs to be used in DC-based vaccine therapy.
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Present and Future Outiook for Dendritic Cell {DC)-Based Vaccine Against Cancer
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Summary

We propose that tumors discovered in a clinical setting are already in the world of immune tolerance. In
order to induce powerful antitumor immunity, therefore, we will have to develop a new immune surveillance
system in the body. We focused on the ongoing noteworthy devices to improve antigen-presenting ability
of dendritic cells (DCs) which play a key role in the world of immune surveillance. One approach is to de-
velop strategies capable of prolonging both the activation state and life span of DCs. A second way is to
adjust the immunological environment of tumor sites to the immune surveillance world. Finally, we briefly
introduce the ongoing trials concerning artificial antigen-presenting systems.
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EEAAHILTUR LBEESND, ) v SH & B
JRFTD Tregs &, V) Y NE~ADF—3I VI HF
TdH5HCCR7TR CDO2L # FAIBEICRBE LTV
L2 2b 56T, BERFIMLSY Y NHAORE)
BrnZeEhb, TNOLDOFTFRERK—I V7
BFELTHCTW DI PRKREZRIHETH S, KB
0 TregsiZ CCR4 & CCRE 2 HB L THB Y,
in vitro ® & T3 CCL1, CCL17 ® CCL22 IZ 1]
o TEETHIEFMONTWES, T/, EE
JREr® Tregs ® CCRA # BH L THBYH, CCL22
PAHELEIZ L - T Tregs DEEBHF~OEREH
SN0 T, Tregs RIIEBHBRLEEEH
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XU T 7 —VDOREBRLTWS CCL22 IZH2 -
TEERAICEEL T AZ EMEGBEIATY
Bo EHIZ, BERITD Tregs 13FEREIZ CTL &
B L, HEEEEZIHT22LbRsh
7o BIREVD ) —DDF— ¥ 13, BRERY A
W R TH D, & MIFEEIZB VT, JIE
FEARE T D Tregs DI F#% & HAEB %R L,
IREIBRFT D Tregs I2 & A %¥E RIS 255
ERIIHELTVE I EARBINT WS, T
HH, BERFTO Tregs D% Tregs DIEE
RO HEFE R 255 72 70 G BRERIE & 72 B T Betk
MTTE,

Tregs i, IL-2 I 2EBHAMEL €T ¥ —
IL-2R a $8 (CD25) Z#EEMICEHTHLE LD
W THRBOERLEZIHTA2 LTS —TH 5D
CTLA-4 b EEMIZEBE L Twb, Tregs Dt
R BT, ex vivo DR TIE TCR BB A
E(7TANVFE=) THY, Kot THEOIL-2
FEAEPIH R IL-2 B2 M2 HIGIT 4 2 & CTRISH
THIRZAREIZTHLEEZ NS (REIGHIHE
BE)o ZEDOHRME IL-2 M Tregs IS E %
ZEE S, THRICHT 26 b ReE =
b, £72, BREDC i Tregs O IHIHERE % #]
fl9 5L LB Tregs DI F FHET 5 Z & 28
T&h, INLDOMEIL, Tregs ® TCR MBI
XY HAEN L REMHIREREFEGH L TE S
ERRBELTWS, LA LEIE, Tregs DREH
FIREBEII A DCIZ & o THHI$T A Z & 23T EE
T, ZODIIETLR 6D Y 7 F MIFHET
T &, —F, Tregs ® TCR A& D iR
IZiZDC D TLR 24 L2 BRIV ETH D =
L hRE s n7-Y, TLR &ML DC 7% TCR %
BHAEEISELEFLLTIEIDCOEET S
IL-6 & IL-1 %38 L T Tregs ® IL-2 iIZ2xt4 5
Rt @osZ ilkbEEZONTVWE, O
F 0, Tregs ® TCRIGEM (¥EFERE) (2ix TLR
w9 L7z DC OBBALBLEEDS, Tregs DHIE
MBS 2 RET HICRLETERnEVWS 2k
THhb, faewe LTI, Tregs DREIHIFRAEL
RISEIZR 2 OBFIC L > THIH SN TwE S
Ly, —AHT, Tregs DRIEHHIKIGZHE RS
AIZWETLRZAL72DCOEETAHH AL bhA
VHLBIEZETAERILDD D, TOWMmLNEN
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BEWAEDCORE2L—2a v OEIZH 9D
Lk, S, XORERNLZDC T2 F v
ERFELT A0, SHERFLLFRENLX
XMBETH 5,

i, Tregs DHIMIC & 5 iREERM* BE4AWIZ
LEHTLHRENTHY, BME (heat shock,
43C 1 ¥ R) & BT BB 4% L 72 melanoma cell
(FTRM=VR) Ty ADOBEEMELD & 5HE |
7:DCZREL, ChxHAWTFHHDC T+
YOTREEERE L -HRETH L, TTDCU 2
F Ty, €06 B#IZ melanoma Ml % &
K4 %52 T, melanoma DAEZE & 5\ LIS % 3
HlL7zo BEHAZ LI, DCY2ZF 1 HEC
CD25 ikt 5L o T Tregs #leET5 L, L
FEERIEIIHEEL, 72F 260 BROBATY
RO <7 A D melanoma ML D 43 HSFH IE S
iz (FHRIDC U2 F YOI, ThbEH
DT AET 7F %90 A B IZ melanoma H1iE
rHBERNLTLZ0EEPBEIESRTWS, oF
D, Tregs DWEEXHIHIT L2 L TREMIZH
N7 FCRMBPHRES N, FHMLEDC T2 S
VREDMRRENRENT DT TH B, RIS,
ZOEBRRTIECTL ORFR 2 FHEIC CD4™T
MR DOBE DLEEATRENT WS, Tregs % #l
HTHZETDCI I FrOHEIBDOONLHE
HeLTIREBFREN Tregs DEEITRIB SN
TEBY, =D INGEEHFER Tregs 254
flahztBELTVE, ChOBERED
Tregs ZEEDLZVEERBEICEEN 2 2 &5
5, REFRECHCHE 2R T AME LIS
NTWb, LaL, Tregs DHIEIZECHIES H
WZDCI 2 FyOFRTH®EDEThiB L
CTLREET A EMRINTEBY, Tregs HI
WCLBDCTUFURIROMRIL, FHTAHE
DREFICEBRLZIV—BHLBEEFEBbA
o TOEELELT, HOHMEZHW 2TV X
DRTIE Tregs FIMIC L Y B ORIERIEATHE
SN/ EmELH L, L L, BETHENL
TR DC T 2 F DR TIE Tregs O I
LoTHAT VA Mizxtd 5 CTL RSBE S H
T, HERENSDAON 2D o/ b EINT
b\%Q)o
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M. AILHIERRY A7 L (artificial antigen-
presenting systems)

MR & DC % FE$ 2 1213, AFEB
LURBIZMA, DCOEND DV IZBHAY—
U E—RERELTODCT 7 F VHED:D
CERIBR Z2TE RS 24 ORBE D 5,
CNERRTBE—DDOHENE—ZERELTD
ANIHRERRV AT LOBETH B, & 2T,
phase I study 2 &7 BEKRABOBEE~E
ATV BAEERLICENT 210,

1. MREEALAES T4

) B B M B

¥480v3v Y a7\ (Drosophila melano-
gaster) MR, HBEAORTF FE/IEEORN
HICHET 5005 Y 2K —%— (TAP)
EFROTOBDICAREDORTF N MHC 4
FIZEEDLZ ENTERV, THIIMZ, IO
MHC class I BEFEAIZ X DEFEHIC MHC
class I 0 FERBEFLIERTRTH B, L
2o T, AL MHC class [ 5FCiEeH
DEBDERATF FEANRECHEMTIUE, $
FREMCDS THIRFERZ BT 2 HERT
ML LTHWD ZENTED, KV AT AL,
TTIZ104D HLA-A2.1 TFu s F—EBHuE
HEEEBRE % MR phase [ study BEH &
T B, HLA-A2.1, CD80 ¥ X UF CD54
(ICAM-1) #&{=TE A Drosophila melanogaster
MABIZF OV F—ERTF FERYE, IhEE
M E U Cin vitro I2BWTHEE CD8*T 4
BzR#L, Fuorr—EYBEMRIITT 2
CTLZzHFEL, Zhr#RkEHTHRS T LW
970 b 3I—=NTH %, Drosophila melanogas-
ter MABIZ37TCTRHRBT 2720, HExNh 2
CTLNRAT A Z &ix v, FEAKMIC1 | 108
CD8 " T Mg & lk#%x 55 h, 5@ b—% L5
x10° D CTL 35 S T2, BRT~NEH
EFRII LD o725 CD8YT MR O EE BT~
DEEMLZERIFOLA TR Y, L L, 2
BUCIEER/NRITED STV 5,

2) K32 cells

HLA-C B4 724 HLA-A, HLA-B & DR ¢
BEor MREMFEMERTH B K562 #iBziz e b
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Fcy Lt 7% —THsCDRBEFEEATS
& T IgG HiRSREICAE S8k 2 K562 Mific
L, $LCD3 B L UH CD28 245 4& L7 K562
Mg (wWbhbw s K32HMME) BEEIhTY 5,
K32 12500 m/ Mm@ » 54520 v 35k% 1 28
PP 100 AR Y 7 0 —F vz T MBI 85
SHDLIENTE D, 612, K3213 B7-H3,
ICAM-1 ® LFA-3ZBEMICRIEALTBY, =
NOPERERBESRLE—XITH~N, BEL-T
MRLIZY A A A4V EALR ERENICERLT
MR THLERE SN TS, FEAWICIE, K32
BHLAT b I~ —RE2HETAIELAET
FENZ THFECHBICOSHATEETH 5,
2. HREAVEVWYXT L

1) #ERr—X

MHC class [ 7 FOMBEAF XL <o X
IgG @ heavy-chain % M7 I /BETHRAE L2
MHC ¥ A4 —%2 S LAY —XIZEAEL, =
T in vitro TPRENR T F V& 4 N TIHERTR
ML LTHEAT A ARAN 2SR TWw B,
HLA-Ig/ X7 F FHEEWIIFEICEZETH Y 4T
THRAET#RTH ), HLA-Ig/ 31 CD28 A RA
EC—ZXbE»PAULRFETRTH 5. ZOBR
V— X2 X% invitro TOCTLHERE (54.7%)
& DC (20.4%) X v &<, ToCTLIXEEM
JRCER L TV 2HAEOMERTF F i F#ET
HIEHBRINTVE, BEY —XDKEZF
B, FROBZ S LHERTEORENETH
o SHIERRISANOAD &, MR ECHE
YA AL YOLEDNR { GMP-grade DE R
PIEBTFRETH B, FT72, PLCD28/ H CD3 ¥ —
XL, FURRFENZ CTL OAMHEHE L TL
5DTCTL & L THINSENBIX O LES 22,
F72, #40 ccOMBEAHBHEDTE S 10
8> CD8™ T MikZ 4 & 2 B LA I BE B s B w7
BEREO Mart-1 82 7% CDS* T Ml HEw
BTholzbESN TV S,

2) VRY—L

ML LOBELEOSF 2N LARISIZIEE
BEOHLIEEBELETCORENEETH S, LI
MKoT, AVATU—)IVETFRAT7FINa)
VLR BERBOYRY — LHK (60~ 90 nm)
ZMHC class I FZ#EE SEHERRY R

Biotherapy

V=A% EHE, 2O MHC 5FICREXTF M3
et in vitro THEHFEN CD4* THR L BEE
ETHIETTHROMIEL IL-2 5iAgEn
BTHLLEVIHRENH L, ZOKEILEEE
PHLAWMREOHBER RV AT 2OREELT
FRTHAHI EIREEINT,

3) =%V —2 (Exosome)

B FY - LAHPHEIDNTTEL
60 ~ 90 nm DHU/NNEASTE ML & a4 LR
AR INTZDDELF VYV — L EFE, TF
VYV =20V TIE, &Y Y OMERRIMER A AR I
RANERAT 2B THET S 2 LA ER R
SF (FSVvR72Y VLR Ty—7L) 2l
AANGWHERT B 720 05w/ E LTHAMAE
NI2DOPRT Y ThbH, FEALOHMBITEY
V—LEBRETHH, DCOBBTLTF YV —
LA DFEEIZIE MHC class I, MHC class I4F
% CD80, CD86 & \» o -#iBI 0 F, & 511X
ICAM-1 2 EOBESTIHEL, SHLZEFD
AEICIITERTF FOBUPR L L TOMELH
5 HSPs VBEICHFAEL, 32uDC iy
ZEHTELY, ZODCHERIFVV—LED
MHC 7 FIZIERTF FaFBEELTEY, 3
T2RPUERTF N2 LIEDBTESL, TFY
V=St 6 0B EERENTETH
D, GMP-grade D T¥ vV V' — AREEDL HE X
NTwb, FRIZIhIE, 2~3 I OEEFED
5 4 ~ 5 BT GMP-grade ® =%V V' — A % g
T 5,

IFVS =177 F e LTI, Mo-DC ¥
I¥YV—Ah®MHC class I 5FICHIBERTF
FuFEd, BEORNDLVIIETAKRET LS
&, BEBEARIVEMRBERF Y V-2 %208
LINZBRERADLVBETAEET B HE,
H 5\ E Mo-DC ITEMABHER T F VY V' — A %L
NIAFHE, TO Mo-DCIZL o Tin vitro THKIE
M&h CTL 2FE L Nz &RD BV IZEEA
V= TRELCRTHERENEZ O TV S,

209 b, Mo-DCHkxTF YV V' — A2 HLA-
Al/B35 B & U' DP04 #) 3 ¥ ©» MAGE-3 pep-
tides # - T 9% D stage I / V MAGE-3 %
HEREAEREEORENTTOh TwE, HiEE
i, BRERFLIIFR V-2 2RO 4B
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BBREADLVIIETERS L, REOEITEL
(SD) #HBohBETIIZF D% 3BRIEECH
BaFiTze =%V — ARE5I3H8ET 6 ~ 120 [
DETHY, HILZEEBR IR, SBREO
UV —L&EFTo 660 3 BICEEBEN R
BERGFROONEREIN TS, Li
L, TFYV—LTZF v TCTL 2 FHHET 512
ix, REDCORDbN2THL) LTV}
(7z& 2, TLR3BHLZWIEZTLR-OOY H o F
T & % ODN CpG oligomeric sequences % dou-
ble strand RNA 7% &) OHHILELR LS TH
Bo

T/, BHEAPICIZIF YV — 4 (ExAs)
VEEIZERLTEY, ExAsOIGH>EZLN
Tw 5™, ExAs 1213 MHC class 1, MHC class
I, hps % tetraspanins CD86 @ 48 HER2,
MART-1, TRP-1, gpl00 7% ¥ OIEEEEILE D
FEDHERINT WS, 2~ 3 I DBEEEKR»S
2 x 10" MHC class I 7 F % %H T 28D EsAs
PRELNTEY, BE EsAs TIVALAHED
Mo-DCs {Z 9fEFIH 7 BlicB WV THRMIM ) ~ /8
REDREERIIBWTEEBEENLY v 35k
FEUETHo72, bhubhd, B ExAsIZE
HEEBRAKERLZHB LTV 5, 20X,
DCH¥(IFVYV—ALIIXRTF FREZEL
n, EEME* ARSI Y DCHELFY YV — A4
WX BT 7 F VBRI EREEE Y ) —
LZEBT I FUREVIREA ) L LTWA,

& b I

DCO7FVEEDZ ZH»BOEHHIZOWT
BMEZBA L PLTHIBEADOBRIZTITS
ZEEFV, FADEZ LV OPDF—E B BT
HAHIEWTERBLEERZWEERY, 472K
EHBERLVANVORBERER, TTICREEROH
FUFBEL TS, Lo T, HEEDHERLE
B720D121%, ERCHICREERY A5 LR E
NETDOF L LRBEREEYVESRIEIE L2
Vo RIEBEMRIATARESLITIE, BEIZHREHEY
MROBREZBODLZTOENTEIR+HTH
D, RERBOEEZ 2T k% LTI ns
BWEAY, FLT, DCU I F UiEd —BY
ZHEBELTETCLETAENIPERENLTHA

337

Yo TDI2HITIE, HEOFESLHMENEFEHIIC
FECEDXI)BDCT I F U EELRHL LT
NI ohv, FOREO—DORATIREL X F
LOBRRETHA ). BEEEEORE L, B
W T AT IF DL IICEFHEE~NDILH
DEZENTINSLETHA ),

X ®|
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FLIEITH 9 % Herceptin + M@ LA BEE O W] BE 1%

AMREREFREZRRIR - RREREERE - BENRESH

| AR OE BB OB OAE B
B FAS

BEY HER2IHTBY MEE/ 7 O0—F VK TH B Herceptin (trastuzumab) @ in vive (2B} A HIEE
PREBFO—D L LT, REMRIC S Z2HFKFEREREBEEE (ADCC) CFHB L7z, £0#&%, HER2 ¥
BRI N T 5 Herceptin OHIEFEREBRBEF O—2I1X ADCC EE X b7z, 72, taxane REH
I3REMMTH A NK HIlZ D perforin, granzyme B OREREWHET LI LIk ) ADCCHFELZET HT]
REPEASRIR S M, Herceptin HiE + MIRR %% - (LR I3 HER2 BEHHRAM IS L THENL ADCC %
i |, Herceptin DRIEFWIBEIER WA S ELEE LN,

25| FHEE  Herceptin, HMIREHRIEHFE, ADCC, NK#HiB2, paclitaxel

(Biotherapy 19 (5) : 424-429, September, 2005)

Combination of Chemotherapy and Adoptive Immunotherapy with Herceptin
for Patients with HER2-Overexpressing Breast Cancer

Makoto Kubo, Takashi Morisaki and Mitsuo Katano

Department of Cancer Therapy and Research, Graduate School of Medical Science, Kyushu University
Summary

We focused on antibody-dependent cellular cytotoxicity (ADCC), one of the efficacy in vivo of Herceptin
{trastuzumab) which is a humanized monoclonal antibody against HER2, for patients with HER2-overex-
pressing breast cancer. As a result, it seems likely that antibody—dependent se'ylar cytotoxicity (ADCC)
plays an important role in the Herceptin—dependent cytotoxicity. Aiso, it is revealed that taxanes enhances
cytotoxicity of natural killer celis, as a immune lymphocytes, due to inducing both perforin and granzyme B
expressions. Taken together, these findings suggest that the combination of chemotherapy and Herceptin
with various types of activated lymphocytes may be a resonable therapeutic strategy for HER2-overex-
pressing recurrent breast cancer, inducing effectively ADCC.

Key words : Herceptin (trastuzumab), Adoptive immunotherapy, Antibody-dependent cellular cytotoxicity
(ADCC), Natural killer cells, Paclitaxel

Address request for reprints to : Dr. Makoto Kubo, Department of Cancer Therapy and Research, Grad-
uate School of Medical Sciences, Kyushu University, 3-1-1 Maidashi, Higashi-ku, Fukuoka 812-8582,
Japan
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U & I

HER2 %z B FIEE 23§ % Herceptin DX
H-BRENDRIIBAEO»IILoTETSE
D, RETIEMERBEEIIBOTHZOREH
HfFEzh2I9oTETWS, L2L, in
vivo DIERREEHBRFIRZHL I TIEL
<, BEEWICHFIET 2 REMRIC X 25 EES
HMIREEEY (ADCC) %3l k L-REsn
BFLLIHENEO—DTHEEEL LR TY
%o 4, HER2 MEHOETEEBEREE ICH
THOHLWEREOBIZENE LT, EI2HE
{2 % ¥ % Herceptin 3 & U Herceptin + #i 2 %
& - ALEREOHAMRERBFE ICOVWTHRE
175720

I. &1

HER2 [ MR (23 3 % Herceptin 2 & 2 &
B2 HREEORE & LT3, Herceptin ®
HER2Z ~D#EED#ERIE R S 15 HER2 @ down
regulation HAVIIT KR F— TV RBEY FF L0
EHEALZ EHMEINTWE, L2, in vivo
BT AREBBFIIRH 2 52% ¢, NK#H
fRZIICO LT 5 REHE LM X 5 Herceptin
KA D ADCC 2 L OB ERFE OB S
AboNTWwE, £2C, b bBHBEE BWw
Herceptin IRFHMAREBE, 4512 ADCCHIEIC
DWTRE L7z MIRGEEEIL4BEo 03
T ABERERICTRHIZE L 72,

laid, HW/z3L9E MRz o HER2 R H M E
“ FACSBH L7-#REE2RLTwa, 2%,
MDA-MB231 i3 & 4, Breast-M (2 §§ B &, #
LT BT-474 358 ABMBRKTH L Z L 25b
AR Ibid, THOLDOMIBIZH T2 KMME
#%% (PBMC) O#AEEE M % Herceptin OF
TR LI-FHRTH B7%, Herceptin 2EFF L
7236, HER2EHHK TH % Breast-M B L O
BT-474 I28f LTi&, PBMCIZ X B EEHICH
E 7 Herceptin 12X 5 FHEEHEINED LN,
Z @ Herceptin 2 £ 5 EHF2 3813 HER2 3%
IR TH L Ko62 MRICH LTIz T o 7-< &2
HoHNT (Kic), HER2EBMH TH 2 BT-474
WXL TIE PBMC 0% (B) ICEKFHICRES
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Nz (B1d)e NKHAIZH L TITE A VRS H
%N E 72\ BT-474 {23+ L T, Herceptin £/ 12
LBV PBMCIC X 2B EES O LR35
RPT HN72Z L3, Herceptin & HIRL 6 sk
DHEROFNE*FES 5,
BRDOFIIBVTIE, PBMC IE IL-2 % & CiF
AL L 728812, bW BIEMLY ¥ 55k e LTH
WwWHhb, L2d-> T, PBMC % IL-2, OKT3
HBHEOK-432 (¥ n=— ) & ETERL
L, Herceptin (2 & 2HIRBEEM O FREE5HE
TBEMRF L. PBMCIZH N, IL-28 X ¥
OK-432 i&HAL ) v SR OB E EiE M 1T
L, ZOBEER L Herceptin DIEFEICE H S5
R L7 (Kle)o 29 LI E® #iC,
2003 £ 2 [HER2 O HERE OB RILE 1o
$" % Herceptin + ML S8 st B A E ] (UM
REFEFGEERSAR) 25— L7z,
&I, T OPBMCH EEMA BT % Her
ceptin D EFEIHROBF LT L1z, 2O
R, Herceptin i X 5 FFEFHRIL, Fcl 7
7 —DRERTH 2KED y-globulin » 5 Wi
PUCD16 HURIZ X D IZIFELITHEE L (K 1),
2% Y, PBMCH® NK fifszh.{ & L7 CD16
(Fcy RIN) FEME#MRRIC X B ADCC %% Herceptin
DEFRLENROFARTH 2 Z LIRS T,

I. #% 522

BEDOBRDOBIZHEB T L, HER? BEME
FEFRE X L Tid Herceptin & taxane REH %
PER L 2B b BEVEBENTBY, BED
ABE LM EBRRBROBERD Z 0GB bE
EORRME XHTIHRETH 072, THOHOK
RERE 1 OBRZ R T, REHELHB O
BEEHICRITT taxane REF O BB H KT L
720 taxane SREEHIIBE R D PLIERIC B B
HERAPHENA S Wb TV B, Yh
NN, taxane REH 2 GIEHE LHMBATED
MR EESEL BT EFHE L, BANEE
R J5iE1L, PBMC & paclitaxel & 24 B3t 35
L, % D% paclitaxel # %E#IZTHREL, o0
paclitaxel SL¥ PBMC @ BT-474 \Z%44 % $Ba e
FEHLRE L7z, #BIXFEICKLT1~1,000
nM @ paclitaxel LEIZ L ) PBMC OfEEiEHIT
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Counts
0 10 20 30 40 50 60 70 80

60 -

% Cytotoxicity

Biotherapy

40 1

20

100 4
80 1
60 1
40 A

% Cytotoxicity

20 1

b p<0.001
Control,_ MDA-MB231
.. 607 T
/ S
" o ; p=0.03
t.' {5 ,,9 40 1
; >
i O ] '
; ’ i 3
o® 10' 102 10° 104 -
s > 0 MDA-MB231 Breast-M  BT-474
HER2
d
60 &
2 q \i
9
X 40 \{
O
3 Herceptin(+)
Herceptin(—) 2 | P
'6)
R 20 Herceptin}‘\-
0
80/1 40/1 20/1 10/1 5/1 80/1 40/1 20/1 10/1 5/1
E/T ratio E/T ratio

p<0.01 p<0.01

P p<0.0001 [ 40, P<0.01

2
p<0.01 .%3
F § 20
2 *
O ] *
PBMC IL-2 OKT3/1L-2 OK~432 PBMC PBMC PBMC

(RABMEBAZE) FEMAEUS SR BMEEUL S EMEUL R (#i CO16HLER4IE) ( y ~globulin 4138)
(LAK) (OK-AK) -

1 Herceptin SRFHMRBEBEERIZ OV T, MREEEHI4BE 2 O I Y ARBRBRIZL il - EBILL.

a
b

; Herceptin (-), [J; Herceptin (+), bar ; SDo

: Flow cytometory 2 & 2 FLiEMAE#k D HER2 BB OB,

HER2 BB OEL HABMIEES target Ml L L, BEAKEMEZIE (PBMC) #% effector fiiz L L7
Ban0MREEE Y, Effector/target MlBHIZ 40 & L7-c *; not significant.

 FLME B E PBMC % effector M A, K562 % target M & L 72354 O M4 5% @ dose-dependency
curveo

C $LIE B E PBMC % effector i, BT-474 % target Mi#2 & L 72384 ® Herceptin KR MBEEEED
dose~dependency curvee

: PBMC, IL-2, OKT3/IL-2, OK-432 TiHEMAL L/zE ALY ¥ /33 % effector #iRE, BT-474 % target fHk2
& L7236 @ Herceptin I H ML EE M D158, Effector/target $EIHIZ 20 & L7

L CD16 Hufk, y -globulin A3 (assay 7 30 5 12X 5 PBMC @ Herceptin KIEHERILE EiEH O W
&, Effector/target #1220 & L72,



