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Abstract To establish an efficient cell-culture system for
adoptive immunotherapy, we attempted to use lipopolysac-
charide(LPS)-activated B cells (ILPS blasts) as costimula-
tory-signal-providing cells in the in vitro induction of
antitumor effector cells. Both normal and tumor-draining
lymph node cells were efficiently activated by both anii-
CD3 monoclonal antibody (mAb) and LPS blasts, and
subsequently expanded by a low dose of interleukin-2
(IL-2; anti-CD3 mAb and LPS blasts/IL-2). The expanded
cells were predominantly CD8+ T cells and showed a low
level of tumor-specific cytotoxic T lymphocyte (CTL)
activity. The adoptive transfer of B16-melanoma-draining
lymph node cells expanded by anti-CD3 mAb and LPS
blasts/IL-2 showed significant antitumor effect against the
established metastases of B16 in combination with intra-
peritoneal injections of I1.-2. This treatment cured all B16-
bearing mice. In addition, these mice also showed tumor-
specific protective immunity against B16 at the rechal-
lenge. Considering that activated B cells express several
kinds of costimulatory molecules, these findings thus
indicate an efficacy of costimulation that is derived from
activated B cells for the in vitro induction of tumor-specific
CTL, in co-operation with anti-CD3 mAb. The culture
system presented here may thus be therapeutically useful,
providing potent effectors for adoptive immunotherapy
against various types of cancer.
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Introduction

Almost all tumor-bearing hosts are unable to reject tumors
even though the tumors are immunogenic, and, therefore,
tumor-specific cytotoxic T lymphocyte (CTL) precursors
are prepared in the hosts [6, 10]. To explain this phenom-
enon, several researchers have reported that the tumor-
bearing state is accompanied by several kinds of immuno-
suppression [18, 19, 28]. Therefore, in order to avoid in
vivo 1mmunosuppression, in vitro culture systems have
been proposed to prepare antitumor T cells for adoptive
immunotherapy [25]. Cultured effector T cells have been
able to show antitumor activity in some murine models [26]
and therapeutic efficacy has also been reported in the
clinical field [20, 22].

In establishing a successful culture system to expand
tumor-specific T cells, there are several difficulties, the
most significant being that we can not always obtain a
sufficient number of autologous tumor cells for the in vitro
restimulation. Despite this, Yoshizawa et al. have described
a practically useful culture system for clinical application
[30], reporting that the transfer of tumor-draining lymph
node cells cultured with anti-CD3 monoclonal antibody
(mAb) and subsequently with interleukin-2 (II.-2) was able
to show antitumor specific activity against established
pulmonary metastases. However, in their culture system,
the degree of expansion of effector cells was not very large
(only severalfold). Since the number of effector cells to be
transferred is critical for the therapeutic effect of adoptive
immunotherapy [10], we suppose that it would be thera-
peutically useful to improve the culture system by which a
sufficient number of effector cells could be obtained from
limited cell sources.

Recent reports have revealed that T cells need a
costimulatory signal (a second signal) other than the signal
through the T cell receptor (the first signal) for their optimal
activation [23]. The first signal without the costimulatory
signal results in T cell inactivation [24]. The costimulatory
signal through CD28 molecules has been definitely char-
acterized {7, 12], while dendritic cells, macrophages and
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activated B cells are reported to express the counterparts of
CD28 molecules such as B7 {2, 8, 14].

In the present study, we tried to utilize activated B cells
as costimulatory-signal-providing cells for the in vitro
induction of antitumor effector T cells. We demonstrated
that tumor-draining lymph node cells, which had been
cultured with anti-CD3 mAb and LPS blasts and subse-
quently with a low dose of IL-2, showed antitumor activity
against the established metastatic melanoma. The mice
surviving this treatment showed tumor-specific protective
immunity against melanoma at the rechallenge. The effi-
cacy of activated B cells for the in vitro induction of
antitumor T cells 1s also discussed.

Materials and methods
Mice

Female C57BL/6 (B6) mice, 6—7 weeks of age, were obtained from
Japan SLC Inc. (Hamamatsu, Shizuoka, Japan). All mice were bred in
specific-pathogen-free conditions. They were later used for experi-
ments at 8 weeks of age.

Tumors

B16 is a melanoma of B6 origin. Both MCA, 3-methylcholanthrene-
induced fibrosarcoma, and EL-4, T cell lymphoma, are also of B6
origin. All tumor cell lines were maintained in vitro.

IL-2

Highly purified human recombinant IL-2 was kindly provided by
Takeda Chemical Industries, Ltd., Osaka, Japan. The specific activity
of IL-2 was 1.4 x 107 Japan reference units/mg protein. When the
Biological Response Modifiers Program standard was used, it corre-
sponded to 1.2 x 107 units/mg protein. In this report, the unit of I1-2 is
Japanese reference units.

Anti-CD3 mAb

Anti-CD3 mAb was purified from the supernatants of anti-CD3-mAb-
producing hybridoma 145-2C11 (kindly provided by Dr. J. A. Blue-
stone, Department of Pathology, University of Chicago, Chicago, I11.).
The antibody was obtained by collecting supernatants of the hybridoma
cells growing in a serum-free medium (101; Nissui Pharmaceutical Co.
Ltd., Tokyo, Japan).

Preparation of LPS blasts

RPMI-1640 medium (Gibco, Grand Island, N.Y.) supplemented with
10% heat-inactivated fetal calf serum (HyClone, Longan, Utah), 50 uM
2-mercaptoethanol, 2 mM L-glutamine, 100 pg/ml streptomycin, 100 U/
m! penicillin, 10 mM HEPES and 0.02% sodium bicarbonate was used
as the complete culture medium. Spleen cell suspensions (4 X 106 cells/
ml) obtained from untreated B6 mice were cultured with 5 pg/ml
lipopolysaccharide (LPS) (Difco Laboratories, Detroit, Mich.) for
2 days in the complete culture medium. LPS blasts were enriched by
Percoll (Sigma Chemical Co., St. Louis, Mo.) gradient centrifugation.
The Percoll gradient was prepared by laying 40% Percoll containing
LPS-stimulated spleen cells over 50% Percoll, and centrifuged at
3000 rpm for 13 min at 4 °C. The cells at the interface were collected
and washed three times with the complete medium. The enriched cells
were 94 £3% B220+ and less than 1% CD3+ (data not shown).

Tumor-draining lymph node cells

B6 mice were subcutaneously (s.c.) inoculated in the abdomen with
1 x 105 B16 or MCA bilaterally and the draining lymph nodes were
harvested on day 12 or 15. The lymph nodes from the untreated B6
mice were used as the control.

In vitro culture with anti-CD3 mAb and/or LPS blasts and
subsequently with IL-2

Either normal or tumor-draining lymph node cells (1 x 106 cells/ml)
were cultured with anti-CD3 mAb (1 pg/ml) and/or LPS blasts (3 x 106
cells/ml) in six-well plates (Costar 3516, Costar, Cambridge, Mass.) at
37 °Cin 5% COz for 1 or 2 days. The cultured cells were harvested and
the viable lymphocytes were enriched by using Lympholyte-M
(Cedarlane Laboratories, Ontario, Canada). Thereafter, the viable
cells were cultured at a cell dose of (2—-4) x 105 cells/ml in six-well
plates or in a 225-cm? tissue-culture flask (Costar 3001, Costar) in the
complete culture medium containing 20 U/ml or 50 U/ml IL-2 for the
indicated length of time. These cultured lymph node cells were then
used for adoptive immunotherapy.

Flow-cytometric analysis

For flow cytometry, a cell suspension was incubated with the following
mAb and analyzed by FACScan (Becton Dickinson, Mountain View,
Calif.). Phycoerythrin(PE)-conjugated anti-(mouse CD4) mAb, PE-
conjugated anti-(mouse CD8&) mAb, PE-conjugated-Streptavidin, and
fluorescein-isothiocyanate-conjugated-Streptavidin ~ were  purchased
from Gibco BRL (Gaithersburg, Md.). To exclude any dead cells, the
prepared cells were stained with 2 pg/ml propidium iodide (Sigma
Chemical Co.).

Proliferation assay

The proliferation of the cells was assayed by standard [3H]dThd
incorporation and scintillation counting. T cells from normal lymph
node cells were purified by nylon-wool passage. The percentage of
CD3+ T cells in purified cells was 95% (data not shown). Prepared LPS
blasts were treated with 1% paraformaldehyde (Wako Pure Chemical
Industries, Osaka, Japan) for 5 min and washed twice by phosphate-
buffered solution and two times by the complete medium. Samples
containing 2 X 105 T cells and/or fixed LPS blasts with or without anti-
CD3 mAb (1 pg/ml) were seeded in each well of flat-bottomed 96-well
culture plates (Coster 3595, Coster Corp., Cambridge, Mass.) in a total
volume of 0.2 ml and cultured for 48 h. The cells were then harvested
and the amount of incorporated [3H]dThd was counted with a Beta
Plate system (Pharmacia LKB Biotechnology, Uppsala, Sweden). To
examine the participation of Fc receptor (FcR) in T cell proliferation,
the supernatant of either anti-FcRyII/III-mAb-producing hybridoma
(2.4G2: rat IgG2b) or anti-Mac-1o-mAb-producing hybridoma (M1/
70.15.11.5: rat IgG2b) was added to each well.

Assay of cytotoxicity

We determined whether or not antitumor-specific CTL could be
detected in the in vitro expanded tumor-draining lymph node cells.
The in vitro cytolytic activity of the effector cells was examined in a
standard 4-h 5iCr-release assay, a,j previously reported [13]. The
specific release was calculated accdrding to the following formula:

Specific 5ICr release (%) =
test release (cpm) — spontaneous release (cpm)

total release (cpm) — spontaneous release (cpm) x 100

Spontaneous release was determined by the supernatant of the sample
that was incubated with no effector cells, and the total release was
determined by the supernatant of the sample, that was incubated with
10% Triton X (Wako Pure Chemical Industries).
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Adoptive immunotherapy model

To establish a model of metastasis, B6 mice were intravenously (i.v.)
injected with 1 x 105 B16 melanoma cells at a volume of 0.5 ml
through the tail vein. After 3 days, when micrometastases had become
established on the lungs [30, 31], they were transferred i.v. with the
cultured cells. Then on day 21 or 28, B6 mice were sacrificed so that
the numbers of the pulmonary colonies could be counted. On day 3,
some mice were intraperitoneally (i.p.) injected with 30000 UIL-2 ata
volume of 0.5 ml twice daily for 4 days. Any metastatic colonies too
numerous to count were assigned the arbitrary value of 350 because
this was the largest number of tumor nodules that could be reliably
enumerated.

Statistics

The statistical significance of the data was determined by the Mann-
Whitney U-test. A P value of less than 0.05 was considered to be
statistically significant.

Culture Days

Fig. 1A-C The efficient expansion of naive lymph node cells in the
culture with anti-CD3 mAb and lipopolysaccharide (LPS) blasts/inter-
leukin-2 (JL-2). A Naive lymph node cells (1 x 106 cells/ml) were
cultured with both anti-CD3 mAb (1 pg/ml) and LPS blasts (3 x 106
cells/ml) (@), anti-CD3 mAb alone () or LPS blasis alone (A) for
1 day, and subsequently with 20 U/ml IL-2 for 10 days in six-well
plates. The naive lymph node cells were cultured with 20 U/ml IL-2
alone ([7]) throughout the culture. The numbers of CD4+ (B) and CD8+
(C) T cells were also determined. The number of CD4+ or CD8+ T cells
were calculated by multiplying the total number of cultured cells by the
positive percentage of CD4+ or CD8+ T cells. The percentage was then
determined by flow cytometry. The values represent the averages of
triplicate cultures that varied by no more than 10%. The same results
were obtained in five similar experiments. * P <0.05 compared with
the other groups; ** P <0.01 compared with the other groups
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Fig. 2 Participation of Fc recep-
tor (FcR) on activated B cells in

the optimal activation of T cells in
the presence of anti-CD3 mAb 1
and LPS blasts. T cells (2 x 109),
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Results

The efficient proliferation of normal lymph node cells
in the culture with both anti-CD3 mAb and LPS blasts and
subsequently a low dose of IL-2

It has been reported that activated B cells express several
kinds of costimulatory molecules [5, 9, 15, 16]. In addition,
it has also been reported that the proliferation of T cells in
the presence of anti-CD3 mAb and activated B cells is due
to the delivery of costimulatory signals from activated
B cells [15, 17]. We have also confirmed that the optimal
proliferation of T cells in the presence of anti-CD3 mAb
and LPS blasts is inhibited by the addition of CTLA4 Ig,
which is known to bind to B7-1 or B70 (submitted for
publication). These lines of evidence led us to use activated
B cells as costimulatory-signal-providing cells in the in
vitro induction of antitumor effector T cells. First, we
determined whether or not the additional presence of LPS
blasts could enhance the cell growth of normal lymph node
cells in cooperation with anti-CD3 mAb and subsequent
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Fig. 3A, B The efficient expansion of tumor-draining lymph node
cells in the culture with anti-CD3 mAb and LPS blasts/IL-2. Tumor-
draining lymph node cells (1 x 106 cells/ml), from B6 mice bearing
B16 or EL-4 for 12 days, were cultured with both anti-CD3 mAb (1 pg/
ml) and LPS blasts (3 x 10¢ cells/ml) for 1 day, and subsequently with
20 U/ml IL-2 for 5 days in six-well plates. On the indicated days, the
cultured cells were harvested and the phenotypes of the cultured cells
were analyzed by flow cytometry, using the same method shown in
Fig. 1. The values represent the averages of triplicate cultures that
varied by no more than 10%. The same results were obtained in three
similar experiments. In Fig. 3B, on day 6, significant differences were
observed between the CD8/B16 and the CD4/B16 (P <0.01), and
between the CD8/EL-4 and the CD4/EL-4 (P <0.01)

IL-2. Figure 1A shows that the lymph node cells did not
proliferate in the culture with either 20 U/ml IL-2 alone or
LPS blasts and a subsequent 20-U/ml dose of IL-2 (LPS
blasts/IL-2). On the other hand, culture with anti-CD3
mAb and a subsequent dose of 20 U/ml IL-2 (anti-CD3
mAb/IL-2) could induce a moderate level of cell growth.
As expected, the lymph node cells were able to proliferate
more efficiently in the culture with anti-CD3 mAb, LPS
blasts and a subsequent dose of 20 U/ml IL-2 (anti-CD3
mADb and LPS blasts/I1.-2). After 11 days of culture, the
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cell growth of the lymph node cells in the culture with anti-
CD3 mAb and LPS blasts/IL-2 was three times as efficient
as that in the culture with anti-CD3 mAb/IL-2.

We also examined the phenotype of the T cells that
expanded in the culture with either anti-CD3 mAb/IL-2 or
anti-CD3 mAb and LPS blasts/IL-2. Figure 1B shows that
the degree of expansion of CD4+ T cells was low and not
different in either system. On the other hand, the degree of
expansion of CD8+ T cells was larger in the culture with
anti-CD3 mAb and LPS blasts/IL-2 than with anti-CD3
mAb/IL-2 (Fig. 1C). These results thus suggest that the
cocultures with anti-CD3 mAb and LPS blasts were
preferentially capable of activating the CD&+ T cells.

We next examined the participation of FcR in the
optimal proliferation of T cells in the presence with both
anti-CD3 mAb and LPS blasts. We determined whether or
not the proliferation of enriched T cells in the presence of
both anti-CD3 mAb and LPS blasts could be inhibited by
the addition of anti-FcRYII/III mAb. Figure 2 shows that the
addition of anti-FcRYII/III mAb completely inhibited the
proliferation of T cells. In contrast, the addition of anti-
Mac-1a mAb, as an isotype-matched control mAb, showed
a marginal level of inhibition. These findings indicate that
the FcR on LPS blasts participates in the optimal prolifera-
tion of T cells in the presence of both anti-CD3 mAb and
LPS blasts.

The efficient proliferation and tumor-specific CTL
activity of tumor-draining lymph node cells in the culture
with anti-CD3 mAb and LPS-blasts/IL.-2

We next determined whether tumor-draining lymph node
cells could expand or not in the culture with anti-CD3 mADb
and LPS blasts/IL-2. Figure 3 A shows that the tumor-
draining lymph node cells from B16- or EL-4-bearing B6
mice were able to expand in the culture with anti-CD3 mAb
and LPS blasts/IL-2. A flow-cytometric analysis of the
phenotype of the expanded T cells showed that CD8+ T cells
expanded exclusively (Fig. 3B). These results indicate that
the culture with anti-CD3 mAb and LPS blasts/IL-2
resulted in a predominant expansion of the CD8+ T cells
in the tumor-draining lymph node cells.

501 25/1 100M1 50/1 25/1  (E/T)

Fig. 4 Antitumor-specific cytotoxic T lymphocyte activity of tumor-
draining lymph node cells expanded by the culture with anti-CD3 mAb
and lypopolysaccharide (LPS) blasts/IL-2. Tumor-draining lymph
node cells (1 x 106 cells/ml) from B6 mice bearing B16 melanoma
for 15 days were cultured with anti-CD3 mAb (I pg/ml) with or
without LPS blasts (3 x 106 cells/ml) for 2 days, and then cultured with
50 U/ml IL-2 for 5 days. These cultured cells were analyzed for their
cytolytic activities (4 h) against three tumor cell lines. * P <0.01
significant compared with the other group

We also examined the CTL activity of the B16-mela-
noma-draining lymph node cells, which were expanded in
the culture of anti-CD3 mAb with or without LPS blasts
and followed by a low dose of IL.-2. Figure 4 shows that the
B16-melanoma-draining lymph node cells expanded in the
culture with both anti-CD3 mAb and LPS blasts and, when
this was followed by a low dose of IL-2, showed a low but
significant level of B16-specific CTL activity.

The antitumor effect of the tumor-draining lymph node
cells expanded in the culture with anti-CD3 mAb
and LPS blasts/IL-2

Up to now, we have demonstrated that the tumor-draining
lymph node cells were able to expand in the culture with
anti-CD3 mAb and LPS blasts/IL-2 and that such cells
could show tumor-specific CTL activity in vitro. Next, we
investigated whether or not the antitumor activity of the
tumor-bearing lymph node cells, which expanded in this
culture system, could show any antitumor activity against
the established metastatic B16 melanoma. Tumor-draining
lymph node cells from B6 mice bearing B16 for 15 days
were cultured with anti-CD3 mAb and LPS blasts for 2 days
and subsequently with 50 U/ml IL-2 for 3 or 5 days. As
shown in Table 1, the i.p. injections of IL-2 alone (group 2)
or the transfer of cultured cells alone (group 3), showed
moderate levels of antitumor activity. The transfer of
lymphokine-activated killer cells in combination with
IL-2 also showed a moderate antitumor effect (group 5).
On the other hand, antitumor activity was significantly
elicited by the transfer of cultured cells and subsequent
1.p. injections of IL-2 (group 4). We also examined the
antitumor activity of the cultured cells with anti-CD3 mAb
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Table 1 The antitumor effect of the B16-draining lymph node cells expanded in culture with anti-CD3 mAb and lipopolysaccharide (LPS)

blasts/interleukin-2 (/L-2)

Expt. Effector cells? IL-2b injected (U) Mean number
of pulmonary
Group Cultured with anti-CD3 mAb Cultured with IL-2 Number of cells metastases
and LPS blasts transferred + SEMe
1 1 - - - 0 285130
2 - ~ - 30000 108 £ 16%
3 + 50 U/ml, 3 days 4 x 107 0 204 £ 37*
4 + 50 U/ml, 3 days 4 x 107 30000 9+ 3w
5 - 3000 U/ml, 3 daysd 4% 107 30000 96+ 15*%
2 6 - ~ - 0 297%30
7 - ~ - 30000 180£19%
8 + 50 U/ml, 5 days 1 x 107 30000 0 0**

* P <0.05 compared with the untreated group

#* P <0.01 compared with the untreated group

2 Tumor-draining lymph node cells (1 x 106 cells/ml) were cultured
either with or without anti-CD3 mAb (1 {Lg/ml) and LPS blasts (3 x 106
cells/ml), and followed by a subsequent culture with IL-2 for 3 or
5 days

b The injection of IL-2 was started on the same day as when the
cultured cells were transferred. IL-2 was i.p. injected twice daily for
4 days

¢ On day 0, B6 mice were i.v. inoculated with 1 x 105 B16 melanoma
and, on day 3, the effector cells were i.v. transferred. On day 21 after
tumor inoculation, the mice were sacrificed and the numbers of
pulmonary metastatic colonies were counted. Each group consisted
of seven mice

d Normal B6 spleen celis cultured with 3000 U/ml IL-2 for 3 days were
used as lymphokine-activated killer cells

Table 2 The antitumor effect of the B16-draining lymph node {(LN) cells expanded by the culture with anti-CD3 mAb and LPS blasts/IL-2 was

specific for the tumor of donor mice

Effector cells

IL-2¢ injected (U) Mean number ofd

The draining LN cells2
were derived from

Cultured with anti-CD3 mAbb
and LPS blasts/IL-2

pulmonary metastases + SEM

- )
©) )
B16-bearing +)
MCA-bearing (+)
Untreated (+)

0 299+40
30000 182+355
30000 0.6+0.5%
30000 154 +36**
30000 130 + 66 **

* P <0.01 compared with the untreated group

** P <0.05 compared with the untreated group

a2 The tumor-draining lymph node cells were prepared from B6 mice
bearing B16 or MCA for 15 days

b The tumor-draining lymph node cells (1 X 106 cells/ml) were cultured
with both anti-CD3 mAb (1 pg/ml) and LPS blasts (3 x 106 cells/ml)
for 2 days, and with 50 U/ml IL-2 for 5 days

and LPS blasts/1L-2 (50 U/ml) for S days. The result was
that the adoptive transfer of the cultured cells and subse-
quent i.p. injections of IL-2 were able to eradicate estab-
lished B16 metastases almost completely (group 8).

The antitumor effect of tumor-draining lymph node cells
expanded in the culture with anti-CD3 mAb
and LPS blasts/IL-2 were tumor-specific

We determined whether or not the antitumor effect of the
cultured T cells is specific for the tumors borne by the
donor mice of the tumor-draining lymph node cells. We
examined the antitumor activity of the cultured draining
lymph node cells from either B16-bearing or MCA-bearing

¢ The injection of IL-2 was started on the same day as when the
cultured cells were transferred. IL-2 was i.p. injected twice daily for
4 days

d On day 0, B6 mice were i.v. inoculated with 1 x 105 B16 melanoma
and, on day 3, 1 x 107 effector cells were transferred i.v. On day 28
after tumor inoculation, the mice were sacrificed and the numbers of
pulmonary metastatic colonies were counted. Each group consisted of
seven mice

mice against pulmonary metastatic B16 melanoma. Table 2
shows that anti-B16-specific activity could be elicited when
the cultured cells derived from the B16-draining lymph
node cells were transferred. On the other hand, no anti-B16-
specific activity was induced when the cultured MCA-
draining lymph node cells were transferred. In addition,
Fig. 5 shows that the transfer of 2 x 107 cultured B16-
draining lymph node cells, which had been cultured with
anti-CD3 mAb and LPS blasts/IL-2, rescued all the mice
with the established (on day 3) B16 metastases. The transfer
of the cultured MCA-draining lymph node cells did not lead
to any antitumor activity against the established B16
metastases. Moreover, we observed that the adoptive
transfer of the cultured draining lymph node cells from
MCA-bearing mice could not prolong the survival of mice
i.v. injected with B16 3 days before (data not shown).
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Fig. 5 The survival assay of the mice that were i.v. injected with
melanoma and subsequently treated by adoptive immunotherapy.
Pulmonary metastases were established by an i.v. injection of 1 x 105
B16 melanoma cells. On day 3, 2 x 107 cultured cells were transferred
i.v. The i.p. igjections of 30000 U IL-2 were started on day 3 and
performed twice daily for the following 4 days. Eight to ten mice were
used in each group. The same results were obtained as in the two other
experiments. LN lymph node

These findings indicate that the antitumor effect of the
draining lymph node cells cultured with anti-CD3 mAb and
LPS blasts/IL-2 was tumor-specific.

Tumor-specific protective immunity was induced
in the mice treated by adoptive immunotherapy

We next determined whether tumor-specific protective
immunity was induced in the mice that rejected B16 by
the transfer of the cultured B16-draining lymph node cells.
Figure 6 shows that the growth of B16 at the rechallenge
was significantly suppressed in the B16-rejecting mice in
comparison with the naive mice. In addition, there was no
difference in the growth of EL-4 between the B16-rejecting
mice and the naive mice. We also observed that anti-B16-
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specific CTL could be induced in the spleen cells from the
B16-rejecting mice (data not shown).

Discussion

In this study, we showed that tumor-draining lymph node
cells are efficiently activated by both anti-CD3 mAb and
LPS blasts, and subsequently expanded by a low dose of
IL-2 (200- to 500-fold). We also demonstrated that anti-
tumor-specific activity was induced by the adoptive transfer
of the tumor-draining lymph node cells expanded by this
culture system against established metastatic melanoma. In
addition, this treatment cured all B16-bearing mice and
these mice also showed tumor-specific protective immunity
against B16 at the rechallenge and the induction of B16-
specific CTL. We suppose that this culture system may thus
be efficient for generating a sufficient number of effector
T cells for adoptive immunotherapy against different types
of cancer.

The most significant barrier in adoptive immunotherapy
against cancers is the difficulty in preparing a sufficient
number of antitumor effector cells during a limited period.
The availability of recombinant IL-2 enables us to expand
T cells or natural killer cells in a short time, and has given
rise to the so-called lymphokine-activated killer (LAK)
cells [11]. However, in contrast to the in vitro cytotoxic
activity, the in vivo efficacy of LAK cells against tumors
has been reported to be limited [21]. Therefore, several
researchers proposed a culture system in which the pre-
sensitized T cells were restimulated in vitro by the auto-
logous tumor cells, to obtain antitumor-specific T cells [25].
This sitvation led Yoshizawa et al. to report a useful
immunotherapy model using tumor-draining lymph node

Fig. 6A, B The tumor-specific protective immunity of the long-term
surviving mice mediated by adoptive immunotherapy. A On day 57
after the initial i.v. injection of B16 melanoma cells, 2 x 105 B16 cells
were s.c. inoculated into either the long-term-surviving B6 mice
(@ n = 4) or the naive B6 mice (O n = 7). B On the same day,
2 x 105 EL4 cells were s.c. inoculated into the long-term-surviving B6
mice (@ » = 4) or the naive B6 mice (O n = 7). The numbers in
parentheses indicate the ratio of live mice/total mice. The results are
expressed as the mean diameters of the tumors. The error bars
represent the SD. The same results were obtained in two similar
experiments
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cells that were activated with anti-CD3 mAb and followed
by a culture with a low dose of IL-2 [30, 31]. The effector
cells cultured by their culture system were able to show
antitumor activity against established metastases of fibro-
sarcoma. This culture system is unique in that antitumor-
specific effector T cells are induced without any autologous
tumor cells. However, the degree of cell expansion is not
very large (approximately severalfold), therefore we also
tried to develop this culture system further to obtain a large
number of effector T cells.

Recently, it was revealed that T cells need several kinds
of costimulatory signals for their optimal activation [23,
24]. In addition, it is known that activated B cells express
Fc receptor [15] and several kinds of costimulatory mole-
cules, such as B-70, B7-2, intracellular adhesion mole-
cule-1 or heat-stable antigen, on their surface [2, 5, 9,
16]. It therefore occurred to us that we would utilize the
costimulatory molecules on LPS blasts for the in vitro
culture system in combination with anti-CD3 mAb. In
fact, Liu et al. reported that the joint presence of anti-
CD3 mAb and activated B cells allows optimal signals for
T cells to be delivered [16, 17]. In this study, we demon-
strated that the additional presence of LPS blasts stimulated
the efficient expansion of naive and tumor-draining lymph
node cells in cooperation with the stimulation of anti-CD3
mADb. For clinical application, the number of effector cells
is critical for the success of adoptive immunotherapy. We
thus suppose that this culture system, utilizing “the two-
signal theory”, could also provide an effective immunother-
apeutic strategy against cancers.

It is still unclear why the antitumor effector T cells
effectively expanded in our culture system. One plausible
mechanism may be that a coculture with anti-CD3 mAb and
LPS blasts results in the binding of the Fc portion of anti-
CD3 mAb to Fc receptor on the LPS blasts. As a conse-
quence, such a complex can activate the antitumor CTL or
their presursors, which were presensitized in vivo in the
tumor-draining lymph nodes. Considering the fact that
costimulatory signals alone can enhance the maturation of
allo-reactive CTL [1], we suppose that the T cells presensi-
tized in vivo proliferated and matured in response to the
optimal stimulation with both anti-CD3 mAb and LPS
blasts.

In our culture system, CD8+ T cells expanded preferen-
tially and, as a result, the following possibilities can be
considered. The first is that the tumor-bearing states were
accompanied by a dysfunction of the CD4+ T cells. In fact,
it has been reported that CD4+ T cells in the tumor-bearing
mice are suppressed by transforming growth factor B [27,
28]. Therefore, it is likely that the CD4+ T cells had already
been suppressed in vivo, so that the in vitro culture resulted
in a preferential expansion of CD8+ T cells. An alternative
possibility is that the different level of IL-2 receptor
expression resulted in a preferential expansion of CD8+
T cells. We observed that the expression level of IL-2
receptor ¢, chain of the lymph node cells was higher on
CD8+ T cells than on CD4+ T cells after culture with both
anti-CD3 mAb and LPS blasts for 1 day (unpublished data).
The latter possibility is now under investigation.

Recent reports revealed that antitumor activity could be
elicited by the cooperation of CD4+ and CD&+ T cells and
the helper function of CD4+ T cells could be substituted by
the administration of IL-2 [10]. The adoptive transfer of the
effector cells prepared by our culture system without i.p.
injections of IL-2 showed only a low level of antitumor
activity against metastatic melanoma (Table 1). We thus
suppose that the role of the injected IL-2 is to maintain the
in vivo survival of the transferred T cells in the tumor-
bearing hosts.

Recent findings suggest that costimulatory molecules
are essential for the induction of effector T cells effective
for tumor eradication in vivo [4]. Several researchers have
reported that melanoma cells transfected with B7 mole-
cules, which are representative of costimulatory molecules,
could be rejected in syngeneic mice in a CD4+-T-cell-
independent manner [3, 29]. These lines of evidence
suggest the value of making use of the costimulatory
molecules to enhance the antitumor immunity in vivo. In
this paper, we have for the first time demonstrated that
activated B cells were useful in the in vitro culture system
for the antitumor T cells. We would like to emphasize that
the culture system described is clinically simple since we
can easily prepare activated B cells from patients and obtain
the tumor-draining lymph node cells perioperatively. We
are now developing a plan to apply this culture system in
clinical trials.
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