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Abstract. CD4+8- T lymphocytes with potent antitumor
activity in vivo were obtained in peritoneal exudate cells by
immunizing mice with irradiated MM48 tumor cells ad-
mixed with OK-432. These immune CD4+ T cells were
used in adoptive immunotherapy for prevention of lymph
node metastases after removal of the primary tumor.
Complete cure of metastases was obtained by adoptive
transfer of CD4+ T cells admixed with irradiated MMA48
tumor cells, but not by CD4+ T cells alone. To analyze the
curative effect of admixing tumor cells on the prevention
of metastases, a model of 1-day tumor inoculated with
macrophages was used. Administration of immune CD4+
T cells alone resulted in the regression of local tumor in
more than half of the mice, although all of them eventually
died of lymph node metastases. On the other hand, adop-
tive transfer of immune CD4+ T cells plus irradiated tumor
cells'resulted in the complete regression of local tumors in
all the mice, which survived without any sign of metasta-
sis. The curative effect of the immune CD4+ T cells obtain-
ed by admixing irradiated tumor cells was tumor-specific.
Macrophages induced by OK-432 (tumoricidal), implanted
together with tumor, assisted tumor regression more than
did macrophages elicited by proteose peptone (non-
tumoricidal) in the same adoptive transfer system. Admin-
istration of recombinant interleukin-2 instead of stimulant
tumor cells did not enhance, but rather eliminated the con-
stitutive antitumor activity of CD4+ T cells. On the other
hand, exogenous recombinant interleukin-1 was more ef-
fective in the enhancement of antitumor activity of the
CD4+ T cells as compared with stimulant tumor cell ad-
ministration. In this case, the activating states of macro-
phages at the implanted tumor site had no influence on the
therapeutic efficacy. A possible role of macrophages for
induction of tumor-specific cytotoxic T cells that were me-
diated by tumor-specific CD4+ T cells is discussed.
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Introduction

It is widely accepted that CD4+ T lymphocytes show anti-
tumor activity in vivo, though they have no cytotoxic activ-
ity [6, 7, 9]. Tumor-specific T cells react with tumor an-
tigens and secrete lymphokine(s) leading to activation of
macrophages as the final effector cells [19]. The activated
macrophages kill tumor cells in a non-specific fashion in
contrast with specific cytotoxic T lymphocytes [7].

Mouse ascites mammary tumor, MM48, cells are highly
metastatic to the lymph nodes and are resistant to lym-
phokine-activated killer (LAK) and natural killer (NK)
cells. Establishment of lymph node metastasis has been
closely associated with the induction of tumor-specific
suppressor T cells in the lymph node [25, 26].

Administration of low-dose cyclophosphamide to
MM48-tumor-bearing mice leads to the inhibition of
suppressor activity and a low incidence of lymph node
metastasis [27]. Surgical resection of local tumor com-
bined with cyclophosphamide administration resulted in a
tumor-free survival rate of 50% in the treated mice.

In this report, we attempted to achieve the complete
cure of all the tumor bearers without metastases by apply-
ing adoptive immunotherapy in combination with cyclo-
phosphamide and surgical treatments.

Noncytolytic immune CD4+ T cells in peritoneal exu-
date cells against MM48 tumor cells showed a potent neu-
tralizing activity in Winn’s test. We used these CD4+
T cells for adoptive immunotherapy. Eradication of re-
sidual tumor cells was not achieved by the adoptive trans-
fer of immune CD4+ T cells alone, but was completed
when the CD4+ T cells were transferred with irradiated
relevant tumor cells. It is speculated that antigenic stimula-
tion and participation of some cytokines are necessary for
extensive expression of the antitumor response of CD4+
T cells. The mechanism of this effective adoptive immu-
nity is analyzed and discussed.
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Fig, 1. Effect of adoptive transfer on the prevention of lymph node
metastases. A sample of 106 MM48 tumor cells was implanted subcu-
taneously. On days 13 and 14, cyclophosphamide at 70 mg/kg was ad-
ministered, and on day 14 the tumor-bearing footpad was amputated. On
day 15, adoptive transfers were performed in 1020 mice/group. Signif-
icantly increased survival rate in Immune-PEC-NA + stimulant MM48
tumor and Immune-PEC-NA only groups compared with no treatment or
stimulant tumor only (P <0.05, %2 test)

Materials and methods

Animals. For all the experiments, specific-pathogen-free (SPF) female
inbred C3H/HeSlc mice, 6 weeks of age, were purchased from SLC
(Hamamatsu, Japan) and kept under conditions for SPF mice in the
facility for experimental animals of our Institute. They were used at
810 weeks of age.

Tumors. A transplantable ascites mouse mammary tumor (MM48) cell
line was used [25—27]. It was established from a spontaneous mammary
tumor of a murine mammary-tumor-virus-positive C3H mouse and has
low immunogenicity; MM48 tumor cells take in a normal syngeneic
mouse at dose of 100 when inoculated intraperitoneally. A single immu-
nization of 106 irradiated MM48 cells provokes little antitumor immu-
nity. Even 103 MM48 tumor cells can not be rejected. In order to gain a
potent antitumor immunity, a repeated immunization or co-administra-
tion of some potent augmenting reagents (e. g. OK-432) is necessary. The
acitivity of cytotoxic T cells in the peritoneal exudate cells of repeatedly
immunized mice is very low [26]. MM48 tumor cells developed into a
solid tumor when an appropriate number of tumor cells were injected
subcutaneously and metastasized predominantly to the lymph nodes. As
unrelated tumor cells, two syngeneic ascites tumors, mammary twmor
FM3A/R and hepatoma MH134 cells, were used.

Reagents used. OK-432, a preparation of streptococcus pyrogens, was
provided by Chugai Pharmaceutical Co. Ltd. (Tokyo, Japan). Human
recombinant interleukin-2 (IL-2) was a gift from Ajinomoto Co. Ltd.
(Tokyo, Japan). Human recombinant interleukin-1 (IL-1) was kindly
provided by Otsuka Pharmaceutical Co. Lid. (Tokyo, Japan).

Preparation of immune lymphocytes. Mice were immunized with 2 x 106
irradiated tumor cells (100 Gy, %Co source) admixed with 0.1 mg OK-
432 once a week for 3 weeks. Between 10 and 11 days after the last
immunization, the mice were killed by decapitation and peritoneal exu-
date cells (PEC) were obtained by lavaging the peritoneal cavity with
RPMI-1640 medium containing 7 U/ml heparin. After washing, PEC
were passed through a Sephadex G-10 column to obtain a lymphocyte-

rich fraction (immune-PEC-NA); 80% —85% of the immune-PEC-NA
were CD4+ and there were few CD8* T lymphocytes.

Preparation of peritoneal macrophage. Mice received an intraperitoneal
injection of 0.1 mg OK-432, diluted in phosphate-buffered saline or 1 ml
5% proteose/peptone, and 4 days later they were sacrificed and PEC were
obtained. The adherent cell fraction was chosen by incubating the PEC in
a petri dish coated with fetal calf serum for 15 min at 37° C. After rinsing
out nonadherent cells, the adherent cells were detached by incubating
them in 0.2% EDTA at 4°C for 40 min [13]. More than 90% of the
adherent PEC phagocytized opsonized sheep erythrocytes. Between 80%
and 90% of them were Mac-1+ and 20% —30% of the OK-432-activated
adherent peritoneal cells bore the Ia antigen.

Adoptive transfer. Mice received whole-body irradiation (4 Gy %Co
source), and on the next day 10* MM48 tumor cells, with or without 106
peritoneal macrophages, were injected subcutaneously into the right hind
footpad. On the following day, 5x 106 immune-PEC-NA (one-mouse
equivalent), with or without 2 x 10¢ irradiated (100 Gy) stimulant tumor
cells, were transferred intraperitoneally.

Adoptive immunotherapy for lymph node metastases. A sample of 106
MM48 tumor cells was subcutaneously inoculated into the hind footpad.
On days 13 and 14, cyclophosphamide (70 mg/kg, Shionogi Phar-
maceutical Co. Ltd., Osaka, Japan) was administered intraperitoneally.
On day 14, the tumor was resected. As described in our previous report,
about 50% of operated mice survived without metastases [27]. In the
present experiments, adoptive transfer of immune-PEC-NA with or
without stimulant tumor cells was additionally performed on day 15 as
described above.

Activation of macrophage by immune-PEC-NA. The immune-PEC-NA
alone or immune-PEC-NA plus stimulant tumor cells were inoculated
intraperitoneally into the mice that had received intraperitoneal adminis-
tration of 1 ml 5% proteose/peptone 3 days previously. On the next day,
the mice were killed and their peritoneal adherent cells were assayed for
cytotoxicity against MM48 and FM3A/R target cells in an !?5]-release
assay [21]. Target cells were labeled with !25I-deoxyuridine (Amersham
Japan, Tokyo, Japan), mixed with effector cells at an E/T ratio of 20 in a
96-well culture plate and cultured for 24 h. Samples were harvested by
transferring 0.1 ml supernatant, and their radioactivities were counted.
The percentage of cytotoxicity for each assay was calculated by the
following formula: cytotoxicity (%) = [(experimental release — spon-
taneous release)/(maximum release — spontaneous release)] x 100. The
range of spontaneous release from the targets was less than 30% of the
total isotope count. No cytotoxic activity was detected in the peritoneal
macrophages of mice that received 1 ml 5% proteose/peptone only.

Results

Effect of stimulant tumor cells in adoptive transfer
of immune-PEC-NA on lymph node metastasis

As reported previously, primary tumor resection alone
soon after the appearance of suppressor T cell activity in
the regional lymph node did not improve the survival rate
of the mice, which eventually died of extensive lymph
node metastases, but administration of cyclophosphamide
followed by surgical removal of the primary tumor helped
to prevent the secondary spread of tumor cells in half of the
mice [27]. In this study, in an attempt to improve the
survival rate of the other half of the mice that died of
metastasis, an adoptive transfer of immune-PEC-NA was
further added to this therapeutic regimen 1 day after local
tumor resection (Fig. 1). By this treatment, the survival rate
was significantly increased in this study (75% on day 100
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Fig. 2. Effect of stimulant tumor cells added to the adoptive transfer of
immune-PEC-NA on the growth of 1-day MM48 tumor. MM48 tumor
cells (10%) were mixed with peritoneal macrophages (106) activated by
OK-432 and were implanted subcutaneously into the hind foodpad of
sublethally irradiated mice. On the next day, immune-PEC-NA (5 x 106)
only (M), immune-PEC-NA admixed with irradiated MM48 tumor cells
(O), or irradiated tumor cells (2 x 106) only (@) were intraperitoneally
transferred into three different groups of mice. Each group consisted of
5 mice. Significant (P <0.05, Student -test) between O and @; not
significant between M and @ after 16 days of tumor growth

after adoptive immunotherapy). However, an adoptive
transfer of immune-PEC-NA admixed with irradiated
MM48 tumor cells led to complete protection against
lymph node metastasis in 19 of 20 mice. No significant
additional effect was observed when stimulant tumor cells
were administered alone or when adoptively transferred
immune-PEC-NA were administered with unrelated stimu-
lant tumor cells (data not shown).

Effect of stimulant tumor cells in adoptive transfer
of immune-PEC-NA on the growth of 1-day tumor

In this MM48 tumor model, it has previously been demon-
strated that antitumor activity in immune-PEC-NA resides
in CD4+ T cells. Thus macrophages activated by CD4+
T cells ‘were considered as effectors for eradication of
tumor cells. To analyze the efficacy of the admixed transfer
of immune-PEC-NA with the relevant tumor stimulant on
local tumor growth and the subsequent development of
metastasis, mice were whole-body irradiated and, on the
next day, viable MM48 tumor cells were subcutaneously
inoculated in the footpad after admixture with activated
macrophages. Fifteen mice were separated into three
groups. The first group received 5 x 106 immune-PEC-NA
only, the second received an equal number of immune-
PEC-NA admixed with 2 x 106 irradiated MM48 tumor
cells, and the last group received only the irradiated tumor
cells (Fig. 2).

Tumors in mice that had received only immune-PEC-
NA (the first group) initially grew well as control tumors,
but around 2 weeks later, the tumor size began to decline.
Finally, the tumor in the footpad disappeared in half of the
mice, but metastases to the lymph nodes emerged and
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Fig. 3A, B. Effect of low-dose irradiation of immune-PEC-NA on their
antitumor activity in adoptive transfer. Immune-PEC-NA received 5 Gy
y irradiation (69Co) before transfer. A Intact immune-PEC-NA. B Im-
mune-PEC-NA received 5 Gy irradiation. @, No transfer; B, immune-
PEC-NA (5x109) only; A, ten-fold immune-PEC-NA (5x 107); V¥,
immune-PEC-NA (5 x 109) and stimulant tumor cells (2 x 105). Signifi-
cant (P <0.05, Student #-test) between A, ¥ and @, but not significant
between M and @ in panel A; not significant among four groups in B.
Five mice were used per group

almost all the mice died. On the other hand, tumor growth
in the mice that received the mixture of immune-PEC-NA
plus irradiated tumor cells (the second group) was slow and
hard to measure, and all mice survived without any sign of
lymph node metastasis. This antitumor activity was found
to be abrogated by pretreatment of the immune-PEC-NA
with anti-CD4 antibody plus complement, but not by pre-
treatment with anti-CD8 plus complement (data not
shown). No difference in tumor growth was observed be-
tween mice that received only irradiated MM48 tumor cells
(the third group) and mice that received no transfer.

Effect of irradiation on immune-PEC-NA

As shown in Fig. 3, irradiation of immune-PEC-NA (5 Gy)
completely abolished their antitumor activity. In the ex-
periments using intact immune-PEC-NA, administration
of 5 x 106 immune-PEC-NA alone showed no effect. Ad-
ministration of 5 x 107 immune-PEC-NA had some degree
of antitumor effect but less than that seen in the transfer of
immune-PEC-NA plus stimulant tumor cells. An admix-
ture transfer of 5 x 106 immune-PEC-NA with stimulant
tumor cells was most effective.
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Fig. 4. Effect of activating states of macrophages admixed with im-
planted tumor cells on the efficacy of adoptive transfer. Two types of
peritoneal macrophages were admixed with implanted tumor cells. On
the next day, immune-PEC-NA plus stimulant were transferred. O, Mac-
rophages induced by OK-432; @, macrophages induced by proteose
peptone; I, no macrophages. Significant (P <0.05, Student #-test) be-
tween O, @ and O after 17 days. Ten mice were used per group
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Fig. 5. Tumor specificity of adoptive transfer. Adoptive transfer was
performed using irradiated MM48 or other tumor cells as stimulants.
MM48 tumor cells were implanted with macrophages activated by
0K-432. Immune-PEC-NA against MM48 were admixed with irradiated
MMA48 (O), FM3A/R (A), MH134 (0), no tumor (@) and were trans-
ferred intraperitoneally. Immune-PEC-NA against FM3A/R were ad-
mixed with irradiated FM3A/R and transferred into MM48-tumor-bear-
ing mice (M). Significant (P <0.05, Student z-test) between O and @;
not significant between A, UJ, B and @. Five mice were used per group

Effect of the activating state of macrophages within a
local tumor on the therapeutic efficacy of the adoptive
transfer system

In the above experiments, tumor cells were implanted after
admixture with peritoneal macrophages induced by

OK-432 (OK-432 macrophages). The OK-432 macro-
phages showed non-specific cytotoxicity against not only
MM48 and FM3A/R but also against MH134 tumor cells
in a 51Cr-release assay in vitro, while the peritoneal macro-
phages induced by proteose/peptone did not show any cy-
tocidal activity for any of the tumor cells used (data not
shown). However, both types of macrophages showed little
neutralizing activity in vivo. These two types of macro-
phages were compared for their therapeutic efficacy in the
same adoptive transfer system (Fig. 4). The resultant anti-
tumor effects were observed in the following order:
no macrophages < proteose/peptone-clicited macrophages
< OK-432 macrophages. Histological examination of me-
tastases to the regional (popliteal) lymph nodes showed the
same tendency. The group treated with OK-432 macro-
phages showed no metastasis, the group that received pro-
teose/peptone macrophages showed metastasis in 2 of 10
mice, and in the group that received no macrophages, me-
tastases developed in all the mice.

Tumor specificity of immune-PEC-NA

To determine the specificity of the admixed stimulant
tumor cells, immune-PEC-NA collected from MM48-im-
munized mice were admixed with irradiated MM48,
FM3A/R or MH134 tumors and were transferred into the
peritoneal cavity of MM48-bearing mice (Fig. 5). Ir-
relevant tumors, MH134 or FM3A/R, used as stimulant
tumors, showed no stimulating effect, comparable to that
of immune-PEC-NA alone. In addition, adoptive transfer
of immune-PEC-NA against FM3A/R admixed with
stimulant FM3A/R tumor cells showed no antitumor effect
on MMA48 tumor growth. These results indicate that there is
a strict tumor specificity required among the immunizing
tumor, the stimulant tumor and the target tumor for effi-
cient eradication of tumor cells. Even without stimulant
tumor cells, immune-PEC-NA showed tumor specificity.
Immune-PEC-NA against MM48 did not show any anti-
tumor effects on the growth of FM3A/R and vice versa.
Next we examined the possibility of innocent-bystander
lysis of tumor cells. Mice were inoculated with different
tumors or a tumor mixture of MM48 and FM3A/R into the
right and left hind footpads, and this was followed by
adoptive transfer of immune-PEC-NA against MM48
1 day later (Fig. 6). As a result, the growth of MM48 was
inhibited, but the tumor mixture and FM3A/R grew well.
There was no significant difference in the growth rate
between FM3A/R and the tumor mixture. The growing
tumor within the tumor mixture was revealed to be
FM3A/R, as determined with a specific antibody (data not
shown), indicating that no definite innocent-bystander
tumor lysis takes place and that activated macrophages do
not function as well as presumed to eliminate tumor cells.

Administration of IL-2 instead of stimulant tumor cells
Antigenic stimulation for the clonal expansion of immune

T cells in vivo seems to be essential for the effectiveness of
the immunological eradication of tumor cells (Figs. 2, 3).
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Fig. 6. Absence of innocent-bystander lysis. Mice
were inoculated with different tumor celis into the
right (Rt) and left (Lt) footpads. O, Rt MM48 and Lt
FM3A/R; A, Rt no tumor and Lt mixture of MM48
and FM3A/R; B, Rt MM48 and Lt tumor mixture;
¥, Rt EM3A/R and Lt tumor mixture. Adoptive
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Fig. 7. Effect of exogenous administration of interleukin-2 (IL-2). Adop-
tive transfers were performed as described in Materials and methods.
Human recombinant IL-2 was administered intraperitoneally twice a day
for 7 days beginning on the day of adoptive transfer. @, No transfer; [J,
immune-PEC-NA only; O, immune-PEC-NA plus stimulant; M, im-
mune-PEC-NA plus IL-2 (250 U x 2/day); A, immune-PEC-NA plus
IL-2 (25000 U x 2/day). Significant (P <0.05, Student #test) between
O and @; not significant between, [1, B, A, and @. <«—», Duration
of cytokine administration. Five mice were used per group

Recombinant interleukin-2 (IL-2), a potent T cell growth
factor, was concomitantly given with immune-PEC-NA
instead of stimulant tumor cells, and antitumor effects were
compared. IL.-2 at a dose of 25000 U or 250 U/mouse was
given twice a day for a week beginning from the day of
adoptive transfer (Fig. 7). IL-2 did not confer any potentia-
tion of antitumor activity. Surprisingly, in mice given IL-2,
tumors grew as well as in control mice (no transfer), and no
sign of tumor regression was observed in spite of immune-
PEC-NA administration. Thus, additional administration
of IL-2 abrogated the constitutive antitumor activity of
immune-PEC-NA.

immunotherapy against MM48 was carried out in
these groups. Five mice were used per group
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Fig. 8. Effect of concomitant administration of IL.-1. Adoptive transfers
were performed as described in Materials and methods. Human recombi-
nat IL-1 (250 U/mouse) was intraperitoneally given twice a day for
7 days beginning on the day of adoptive transfer. @, No transfer; 1,
immune-PEC-NA only; O, immune-PEC-NA plus stimulant; W, im-
mune-PEC-NA plus IL-1. Significant (P <0.05, Student #-test) between
O, & and @; not significant between [] and ®. «—», Duration of
cytokine administration. Five mice were used per group

Administration of IL-1 instead of stimulant tumor cells

On the other hand, adoptive transfer of immune-PEC-NA
with concomitant administration of interleukin-1 (IL-1) at
250 U/mouse induced more potent antitumor activity than
that with stimulant tumor cells (Fig. 8). IL-1 at
2500 U/mouse showed less effect and 25 U/mouse had no
effect on therapeutic efficacy (data not shown). Adminis-
tration of IL-1 alone showed no effect on tumor growth at
any dose.

In the adoptive transfer of immune CD4+ T cells with
exogenous IL-1, the effect of activated macrophages ad-
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Fig. 9. Effect of activating state of macrophages admixed with implanted
tumor cells on the efficacy of adoptive transfer of immune-PEC-NA and
exogenous IL-1. Tumor cells alone (V) or tumor cells admixed with
macrophages induced by OK-432 (W) were inoculated. On the next day,
immune-PEC-NA was transferred. Exogenous IL-1 (250 U/mouse, twice
a day) was given from the day of transfer for 1 week. I, Macrophages
induced by OK-432 (IL-1 was not administered). Significant (P <0.05,
Student #-test) between M, ¥ and [; not significant between M and V.
<—», Duration of cytokine administration. Five mice were used per

group

mixed with the inoculated tumor was examined (Fig. 9).
Implanted tumor cells failed to grow irrespective of the
presence or absence of OK-432 macrophages at the tumor
site when immune CD4+ T were adoptively transferred
with IL-1 administration. Thus it is obvious that the pre-ac-
cumulation or pre-activation of macrophages surrounding
tumor cells is not necessary for eradication of tumor by
adoptive transfer of immune CD4+ T cells plus administra-
tion of IL-1.

Activation of peritoneal macrophages by CD4+ T cells

To check the specificity of macrophages activated by
CD4+ T cells, the peritoneal macrophages were activated
by inoculating immune-PEC-NA against MM48 or
FM3A/R with the relevant irradiated tumor cells (Fig. 10).
The cytotoxic cells were Mac-1+ adherent cells and lost
their cytotoxic capacity after incubation with carageenan,
but not after incubation with anti-Thy1 antibody plus com-
plement (data not shown). Unexpectedly immune-PEC-
NA, obtained by immunizing mice with MM48, evoked
macrophage activation after inoculation not only with
MM48 but also with FM3A/R or even with no stimulant
tumor. On the other hand, specific T cells against FM3A/R
activated macrophages only when inoculated with
FM3A/R. However, the tumoricidal macrophages acti-
vated by both types of tumor-specific T cells showed cyto-
toxicity nonspecifically against both MM48 and FM3A/R,
just as did the macrophages activated by non-specific mac-
rophage activators, . g. OK-432 (data not shown).
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Fig. 10. Cytotoxicity of peritoneal macrophages activated by immune-
PEC-NA and stimulants. Naive mice received a 1-ml intraperitoneal
injection of 5% proteose/peptone, and 3 days later immune-PEC-NA
(5 x 109 only or immune-PEC-NA plus stimulants were transferred. On
the next day, peritoneal macrophages were assayed for cytotoxicity
against Z[-labeled tumor cells. Open bar, MMA48 as target; closed bar,
FM3A/R as target. 125T-release assay, E/T ratio = 20/1, 24-h incubation.
Abscissa, stimutant tumor cells, which were admixed with immune-PEC-
NA and intraperitoneally transferred into the mice for activation of peri-
toneal macrophages

FM3A/R MMas

Stimulant:

Discussion

In this study, we succeeded in the eradication of secondary
tumor spread by adoptive transfer of tumor-specific CD4+
T cells plus irradiated tumor cells 1 day after administra-
tion of cyclophosphamide and surgical removal of estab-
lished local tumor. In our previous experiments, we ob-
served that the induction of tumor-specific CD4+ regula-
tory T cells in the regional lymph nodes of mice bearing
subcutaneous MM48 tumor was associated with the retar-
dation of local and metastatic tumor growth and that the
emergence of CD8+ cytotoxic T cells was only seen in the
regional lymph nodes after the complete recovery of mice
from metastasis or in immune-PEC-NA of mice im-
munized intraperitoneally with irradiated tumor cells [25-
27]. However, the activities of both T cell populations
were very weak without the use of a potent biological
response modifier such as OK-432, a streptococcal prepa-
ration. The mice immunized with a combination of tumor
cells and OK-432 showed three times as many T cells as
were in PEC of mice immunized with tumor cells alone,
and rejected a tumor load ten times as great as that rejected



by mice immunized with tumor cells alone when viable
tumor cells were challenged intraperitoneally. But admin-
tstration of OK-432 without tumor cells did not induce any
potent CD4+ T cells in the peritoneal cavity. OK-432 is one
of the potent interferon inducers [23]. Early induction of
interferon by OK-432 may confer a successful induction of
specific immunities [11] in those models.

In order to analyze the mechanism of adoptive immu-
nity obtained with immune CD4+ T cells plus a relevant
tumor stimulant, by which metastatic tumor cells were
eradicated after the removal of the primary tumor, we used
1-day tumor with macrophages that were inoculated subcu-
taneously into the hind footpad of whole-body-irradiated
mice. Enhanced antitumor activity of CD4+ T cells was
observed in tumor-bearing mice after the adoptive transfer
of an admixture of immune T cells with relevant tumor
cells (Fig. 2). The immune T cells were very sensitive to
irradiation (Fig. 3), and to succeed in the curative eradica-
tion of metastatic tumor cells in lymph nodes, the strict
identification of tumor-antigen specificity was required
among the target tumor, tumor for immunization and
stimulant tumor (data not shown), similar to the data
depicted in Fig. 5. These results show that antigenic stimu-
lation and subsequent proliferation of tumor-specific CD4+
T cells contribute to the enhancement of immunotherapy
[4, 8]. However, administration of IL-2, a potent T-cell
growth factor, abolished even the coustitutive antitumor
activity of immune-PEC-NA, resulting in an unfavorable
effect on the host (Fig. 7). The immune CD4+ T cells
possessed IL-2 receptors, as determined by 3C7 mono-
clonal antibody [22] (data not shown). IL-2 induced
marked proliferation of immune-PEC-NA, while IL-1
caused no such remarkable effect in vitro (data not shown).
We have no data to explain why IL-2 does not work in this
immunotherapy, but it may be assumed that continued
antigenic stimulation of CD4+ T cells is necessary for the
successful induction of antitumor immunity, and the non-
specific proliferation of T cells by IL-2 administration is
detrimental of therapeutic efficacy.

There are two CD4+ T cell populations, Thl and Th2
{1, 2, 14, 18]. Th1 cells secrete interferon y (IFNY), Iym-
photoxin and IL-2 upon antigenic stimulation and mediate
cellular immunity, including delayed-type hypersensitiv-
ity, to participate in antitumor immunity. Th2 cells secrete
IL-4, IL-5, IL-6 and IL-10, which facilitate the develop-
ment of humoral immunity [24]. Recently it was shown
that IFNy and IL-10, respectively synthesized by Thl and
Th2 cells, cross-regulate the function of both CD4+ T cell
populations. IFNY inhibits the proliferation of Th2 cells
and IL-10 inhibits cytokine synthesis of Th1. On the other
hand, IL-2 and IL-4 up-regulate the responses of both Thl
and Th2 cells [24]. Therefore, it may be possible to induce
the suppression of cellular immunity by systemic adminis-
tration of IL-2, providing that tumor-specific Thl cells are
a minority of the CD4+ T cell population. This hypothesis
might be compatible with the previous data that the tumor-
specific suppressor T cells that emerged in the lymph node
just before the establishment of metastasis were also
CD4+ [26].

Regarding the recruitment of immune T cells, one pos-
sible reason for the ineffectiveness of the adoptive transfer
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by IL-2 administration may be related to the early entrap-
ment of lymphocytes by the reticuloendothelial system, as
it has been reported that splenocytes cultured in T-cell
growth factor showed earlier increased traffic to the lung
than did uncultured splenocytes [15, 16].

It is well known that non-cytotoxic and tumor-specific
CD4+ T cells activate macrophages to eradicate tumor cells
in vivo [7, 19]. In this study, immune-PEC-NA were able
to stimulate macrophages to induce tumoricidal activity
(Fig. 10). But if the cytocidal macrophages do work in
tumor destruction in vivo, both MM48 and FM3A/R
tumors should be eliminated in a non-specific fashion. This
was not the case in the MM48 tumor model (Fig. 6). In
addition, adoptive transfer of immune-PEC-NA against
FM3A/R plus irradiated FM3A/R has resulted in a less
significant antitumor effect against MM48, if any (Figs. 5
and 10). Of course, the possibility is not excluded that
delayed-type hypersentitivity does take place in this re-
sponse, but it is less probable that the activated macro-
phages arc the final effectors for tumor destruction, be-
cause innocent-bystander lysis of a different antigenic
FM3A/R adjacent to MM48 did not take place (Fig. 6).
This evidence indicates that specific antigen recognition is
necessary in the last stage of tumor destruction. It can be
assumed, therefore, that the final tumor destruction is pre-
dominantly mediated by a cell population equipped with
antigen receptor, probably cytotoxic T cells.

It is also well known that macrophages have the other
important role as accessory/antigen-presenting cells in the
expression of antitumor functions of tumor-specific CD4+
T cells. In this study, the activating states of the macro-
phages inoculated with tumor cells into the hind footpad
showed considerable relevance to the implementation of
intraperitoneal transfer (Fig. 4). Thus, it is quite reasonable
that the macrophages:serve as accessory cells to secrete
IL-1 for the proliferative responses of CD8+ T cells to the
tumor, since the addition of exogenous recombinant IL-1
was able to substitute for macrophages in this response and
surpassed the activating state of macrophages [12]. Macro-
phages induced by OK-432 secrete a larger amount of IL-1
[10]. It is conceivable that exogenous IL-1 can not only
take over the role of stimulant tamor but also reinforce the
antitumor activity of CD8+ T cells mediated by CD4+
T cells to eliminate local and metastatic tumors. Further-
more, IL-1 may enhance the immunogenicity of poorly
immunogenic tumors [17] and may also promote tumor
eradication by augumenting the antitumor response of
helper and cytotoxic T cells [3, 5, 20]. In the case of murine
leukemia, combined IL-1 and IL-2 therapy potentiated host
antitumor activity to eradicate metastatic tumor cells,
and CD8+ T cells were the final effector for tumor destruc-
tion [3].

In term of adoptive immunotherapy for lymph node
metastasis, it must be stressed that the timing of combined
cancer treatments is of importance. We administered the
treatments at the time when tumor-specific suppressor
T cells had just appeared in the regional lymph nodes of
mice bearing established tumors. However, when the treat-
ment was begun 2 days later, it failed to eradicate metastat-
ic tumor cells. Thus, further investigations are needed to
improve the therapeutic efficacy of anti-metastatic activity.
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