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Summary. We previously demonstrated that tumor­
specific effector cells could be generated from tumor­
draining lymph node cells by in vitro sequential activa­
tion with anti-CD3 mAb and IL-2. In the present study,
we further examined cellular interactions and mecha­
nisms of the antitumor effect. Tumor-draining lymph
node cells (TDLN) of a weakly immunogenic fibrosar­
coma, MCA 205, were activated by the anti-CD3/IL-2
method and transferred into the peritoneal cavities of
mice bearing 5-day established peritoneal dissemination
of MCA 205 tumor cells. Intraperitoneal injection of
anti-CD3/IL-2-activated TDLN significantly prolonged
the survival period, and 80% of treated mice remained
tumor free for more than 80 days. In vivo depletion of
host macrophages with GdCIs clearly abrogated the
antitumor effect, while the elimination of host T cells
with sublethal irradiation (500 R) did not, indicating
that host macrophages are indispensable in the
antitumor effect. In vitro cytotoxicity and cell prolifer­
ation were further examined in detail to determine the
commitment of macrophages and mediator cytokines.
Although anti-CD3/IL-2 activated cells mediated mini­
mal cytotoxicity in a 4-hr 5

1Cr releasing assay, tumor
specific cytolytic action was detected in an 18-hr assay
with coexisting peritoneal cells. The results suggest
that peritoneal macrophages play an indispensable role
in this treatment effect and that T cell-macrophage
interactions were mediated by IFN- y, the importance
of which was exhibited in the early phase of the tumor­
effector-macrophage contact.

Key words-adoptive immunotherapy, peritoneal cavity,
macrophages, GdCls , IFN -yo

Correspondence: Yoshie Maruyama, Department of Internal Medi­
cine (II), Niigata University Medicine School, Asahimachi 1, Niigata
951-8520, Japan.

121

INTRODUCTION

Adoptive immunotherapy for cancer has been exten­
sively explored and well documented in various
experimental animal models1,2,3).

We previously demonstrated that tumor draining
lymph nodes (TDLN), which are well known to con­
tain an enriched population of precursor lymphocytes
of tumor-sensitized T cells, can be activated and
expanded by sequential culture with monoclonal
antibodies to T-cell receptor complex (anti-CD3 or
anti-TCR) and IL-2. These effector T cells were
highly effective in the treatment of a lung metastasis
modeI4,5,6,7). Stable in vitro expansion of effector cells
induced by this method allowed us to conduct clinical
trials whereby various kinds of cancer patients were
treated with anti-CD3/IL-2-activated T cells8,9).

Although immune effector cells generated in animal
models were highly effective in vivo, a limited num­
ber of cancer patients responded to the therapy. To
establish more effective immunotherapy in clinical
settings, further investigation to elucidate the process
of tumor eradication mediated by immune effector
cells has been attempted9

). However, the precise in
vivo mechanism(s) by which these immune cells
mediate immunological injury to tumors upon adop­
tive transfer is not clear, and little has been reported
on the role of the immune system of the tumor­
bearing host, such as the activities of lymphocytes
and macrophages in tumor eradication.

To examine the precise in vivo antitumor
mechanism(s) of immune effector cells, we used peri­
toneal dissemination models and investigated the
roles of host lymphocytes and macrophages on anti­
tumor efficacy mediated by anti-CD3/IL-2-activated
tumor-draining lymph node cells. We also investigat­
ed the roles of 2 cytokines, IFN-y and TNF-a,
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assumed to regulate this collaborative effector-host
component network in tumor eradication. We demon­
strate here the indispensable involvement of host
macrophages and the importance of IFN MY, which
plays a key role in the early phase of the tumor­
effector-macrophage contact in this particular
intraperitoneal treatment model.

MATERIALS AND METHODS

Mice

Female C57BL/6 (B6) mice were purchased from the
CLER Laboratory (Tokyo, Japan). They were
maintained in specific pathogen-free conditions and
were used for experiments at the age of 10 weeks or
older.

Tumors

The MCA 205 (205) is a 3-methylcholanthrene-induced
fibrosarcoma of C57BL/6 (B6) origin10

}. This weakly
immunogenic tumor was maintained in vivo by serial
s. c. transplantation of cryopreserved tumor samples,
and was used in its sixth transplantation generation
for the current study. Another similarly induced
tumor, MCA 203 (203) sarcoma of B6 origin in its
sixth transplantation generation, served as a
specificity control. Single-cell suspensions were pre­
pared from solid tumors by mincing and then digest­
ing with constant stirring in 40ml Hank's balanced
salt solution (HBSS) containing 4 mg DNase, 40 mg
collagenase and 100 U of hyaluronidase (Sigma
Chemical Co., St Louis, MO, USA) for 3 hr at room
temperature. The mixture was poured through a
layer of 100 nylon mesh (Nytex; TETKO Inc., Briar­
cliff Manor, NY, USA) and washed twice with BBSS.

Anti-CD3 monoclonal antibody (mAb)

A rat mAb, YCD-3, directed against the CD3-E chain
of the murine TCR/CD3 complex was kindly pro­
vided by Dr. Kim Bottomly, Yale University. The
YCD-3 mAb was harvested as a supernatant of in
vitro cultu~e with the hybridoma cells, and then
partially purified by 50% ammonium sulfate precipi­
tation, and the IgG content was determined by
enzyme-linked immunosorbent assay (ELISA).

Recombinant IL-2

Human recombinant interleukin 2 (rIL-2) was kindly
supplied by the Takeda Co. (Osaka, Japan). The

biological and biochemical activities of this material
have been described elsewhere ll

}. Purified material
had a specific activity of 3.6 x 106 U/mg. In this
report, all data are expressed in BRM units.

Tumor-draining lymph nodes (TDLN)

B6 mice were inoculated s. c. to the bilateral flank
with 2x 106 viable MCA 205 tumor cells suspended in
0.05 ml HBSS. Ten to 12 days later, when the size of
the flank tumor reached approximately 8-10 mm,
inguinal TDLN were removed aseptically, and
lymphocyte single cell suspensions were prepared by
teasing LN with 20-G needles and then pressing with
the blunt end of a plastic syringe in HBSS.

Activation of LN cells with anti-CD3/IL-2

TDLN cells, 1-1.6 x 108
, were incubated in 30 ml of

conditioned medium (CM) with 20% anti-CD3 mAb
supernatant in a 75-cm2 tissue culture flask for 2 days
at 3TC in 5% CO2 atmosphere. After washing, the
recovered cells were expanded in 40 U/ml of IL-2 in
a 163-cm2 culture flask for 3 days. CM consisted of
RPMI-1640 medium supplemented with 10% heat­
inactivated fetal calf serum (FCS), 0.1 mM non­
essential amino acids, 1 mM sodium pyruvate, 2 mM
fresh L-glutamine, 100 mg streptomycin, 100 U peni­
cillin, 50 mg gentamicin, 0.5 mg fungizone/ml (all
from Life Technologies, Gaithersburg, MD) and 5x
10-5 M 2-mercaptoethanol (Sigma Chemical Co. St.
Louis, MO, USA). These anti-CD3/IL-2-activated
cells were then harvested, washed, and resuspended
in HBSS for adoptive immunotherapy, or in CM for
in vitro assay.

Adoptive immunotherapy protocol

Peritoneal dissemination of 205 tumor was initiated
by intraperitoneal inoculation (i. p.) of B6 mice with
2x 106 tumor cell suspension in 1 ml of HBSS. Five
days later, 2x 106 of anti-CD3/IL-2-activated TDLN
cells (CD3-AT cells) or lymphokine-activated killer
(LAK) cells were adoptively transferred (AT) to the
intraperitoneal cavity of each mouse. Therapeutic
efficacy was evaluated by the survival of treated
animals, and the significance of differences in sur­
vival periods between groups was calculated by a
generalized Wilcoxon test.

Depletion of host lymphocytes

Mice were given 500 rads whole-body irradiation 1
day prior to tumor i. p. inoculation. This dose of



radiation was sublethal and enough to suppress
radiosensitive T-cell components but not the macro­
phages of the mice.

Depletion of host macrophages

Mice were given GdCl3 i. v. 1 mg/0.5 ml HBSS admin­
istration 1 day prior to tumor i. p. inoculation. The
GdCl3 was purchased from Wako Chemical Co.
(Tokyo, Japan) and has been shown to suppress
Kupfer cells in mouse liver12}.

In vitro cytotoxicity assay

Four-hour and 18-hr51 Cr release assays were used to
determine the cytotoxic activity of anti-CD3/IL-2
activated cells. The 205 and 203 tumor cells (107

) were
labeled with Na51Cr\ 100,uCi, (Daiichi Radio Isotopes,
Tokyo, Japan) at 3TC for 1 hr and washed 3 times in
CM. Target cells (104

) were incubated with effector
cells at 3TC in a volume of 0.2 ml CM for 4 or 18 hr.
The supernatant was collected, and the samples were
counted in a y-counter. The percent lysis was calcu­
lated as follows:

%lysis experi.mental cpm-spontaneous cpm X 100 (%)
maXImum cpm- spontaneous cpm 0

Flow cytometric analysis

Analysis of cell surface markers was carried out by
indirect immunofluorescence. Stained cell prepara­
tions were analyzed in a fluorescence-activated cell
sorter (FACS) scan flow microfluorometer (Becton
Dickinson, Sunnyvale, CA, USA). Five to 10 X 105

cells were incubated for 45 min. at 4°C with 25 ml of
diluted mAb in phenol red-free HBSS containing 2%
FCS and 0.1% NaN3. Bound antibodies were detected
by incubation with 20 ,ul FITC-Iabeled rabbit anti-rat
IgG or goat anti-hamster (Caltag Laboratories, San
Francisco, CA, USA), depending on the species of
primary mAb used. Fluorescence profiles were gener­
ated by analyzing 10,000 cells, and displayed as logar­
ithmically increasing fluorescence intensity versus
cell numbers.

In vitro cell proliferation and cytokine release
assays

Two X 104 205 cells were admixed with 2 X 105 CD3­
AT cells generated from MCA 205 TDLN and were
cultured in 2 ml complete medium in 24-well flat
bottom plates (Costar). Peritoneal exudate cells
(PEC) were collected from mice 3 days after tumor i.
p. inoculation, and 4 X 104 PEC were added to as-
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signed wells. The number of cells was counted on
days 1 to 7, and culture supernatants were collected
and tested in duplicate in IFN -y and TNF-a enzyme­
linked immunosorbent assays (Genzyme, Cambridge,
MA, USA). For in vitro blocking experiments, 25,ug
of either anti-IFN-y or anti-TNF-a antibody were
added to the assigned wells. Hybridoma (R4-6A2)
producing anti-IFN-y mAb was obtained from the
American Type Culture Collection, and culture super­
natant was partially purified and used for the experi­
ments. This antibody has been shown to neutralize
IFN-y but not IFN-a or-/313}. Polyclonal rabbit anti­
mouse TNF-a antibody was purchased from Gen­
zyme Co. (Cambridge, MA, USA), and has been
shown to neutralize LPS-induced production of
TNF14}.

In vivo antibody blocking experiments

For the in vivo blocking experiments, mice in each
were given injection of 2X 106 tumor cells i. p. on day
o. CD3-AT cells were adoptively transferred on day 5.
Two days later or concomitant to adoptive transfer
of CD3-AT cells, 2.5 mg of either anti-IFN -y or
anti-TNF-a antibody in 0.5 ml HBSS was administer­
ed i. p.

RESULTS

Effect of CD3-AT cells on peritoneal tumor dissemi­
nation of mice

In this study, we used a peritoneal tumor dissemina­
tion model to investigate the antitumor mechanisms
of anti-CD3/IL-2-activated TDLN cells (CD3-AT
cells).

First, we examined whether CD3-AT cells could
prolong the survival of mice bearing peritoneal dis­
semination of tumors. As shown in Fig. 1, mice
receiving no treatment or IL-2 only died within 35
days of tumor inoculation into the peritoneal cavity.
In contrast, mice receiving CD3-Ar cells, with or
without IL-2 administration, mostly survived over
120 days, and 10 of 11 mice were cured of disease (p <
0.005) .

These results indicated that adoptive transfer of
CD3-AT cells itself was effective in eliminating the
dissemination of tumor in the peritoneal cavity, and
no further enhancement was observed, even when
exogenous IL-2 was administered simultaneously.
Thus, IL-2 administration was not performed in the
following experiments.

To elucidate the specificity of the treatment, we
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Fig.1. Adoptive immunotherapy in mice with peritoneal
MCA205 dissemination.
B6 mice were injected intraperitoneally (i. p.) with 2x 105
MCA205 tumor cells on day 0 to initiate peritoneal dis­
semination. Five days later, CD3-AT cells were adoptive­
ly transferred (AT) i. p. to treatment groups. *CD3-AT
cells were generated from MCA205 TDLN. **IL-2 (16000
u) was given intradermally (i. d.) once daily for 5 days.
Treatment with CD3-AT cells with or without IL-2 admini­
stration resulted in a significant prolongation of survival
time compared to groups with no treatment or exogenous
IL-2 administration (p <0.005., generalized Wilcoxon test).

o
Tumor Lp.

_ No treatment.{n=5)
_____ IL-2 only (n=6)
O---OAT only (n=6)
D--CAT+IL-2 (n=5)

20 40
Day after tumor inoculation (day)

irradiation had no effect on the antitumor effect. This
result indicates that host T cells do not playa major
role in this particular treatment model.

Since the T cells of the tumor-bearing host have no
effect on the treatment, we next focused on another
cell component in the peritoneal cavity, macro­
phages.

Using GdCI3 , known as Kupffer cell eliminator12>,
we succeeded in depleting host peritoneal macro­
phages. The peritoneal cells that stained positive for
F4/80 and M1/70, which are known to be expressed
on the surface of macrophages, were almost com­
pletely depleted by intravenous injection of GdCI3 , as
shown by the flow cytometric analysis in Fig. 4. This
significant suppression continued for about 1 week
after the administration of GdCI3 •

As we expected, in the macrophage depleted state,
the anti-tumor effect was dramatically abrogated in
the survival study, as shown in Fig. 5. This result
indicates that, in contrast with host T cells, a recipi­
ent component(s), presumably macrophages, sensitive
to GdCl3 but relatively resistant to radiation (500
rads), is essential for the antitumor effect mediated
by CD3-AT cells.

performed a criss-cross survival experiment using
MCA 205 and 203, which are known to have distinct
tumor-associated antigens. As shown in Fig. 2, while
treatment with LAK cells had no effect on this per­
itoneal tumor dissemination model, mice receiving
treatment with corresponding effector cells showed
improvement. These data indicated that the
antitumor effect of CD3-AT cells is clearly tumor
specific.

Effect of host macrophages depletion on antitumor
effect

We previously demonstrated that CD3-AT cells have
potent in vivo antitumor activity despite minimal in
vitro cytotoxicity. This paradoxical phenomenon
could be explained if host components play an essen­
tial role in tumor regression. We assumed that there
are 2 candidates for host immune cells that may
participate in this anti-tumor activity: one is
lymphocyte and the other macrophage. First, to
investigate the involvement of the lymphocytes of the
tumor-bearing host, in this antitumor activity espe­
cially of immune T cells, we carried out a survival
study using the same treatment protocol with a group
of 500-rad irradiated mice.

As shown in Fig. 3, pretreatment with 500 rads of

CD3-AT cells require macrophages to show in vitro
cytotoxicity

In a previous report, we demonstrated that CD3-AT
cells showed little cytotoxicity in a 4-hr 51Cr releasing
assay, unlike IL-2 induced non-specific LAK cells.
Since previous experiments indicated that CD3-AT
cells cannot mediate the antitumor effect by them­
selves, but instead require the participation of host
components, especially macrophages, we performed
in vitro cytotoxicity assays with coexisting per­
itoneal cells.

As shown in Fig. 6, CD3-AT cells showed no
cytotoxic effects with or without peritoneal cells in
standard 4-hr assays, while LAK cells mediated non­
specific cytotoxicity.' In 18-hr assays, on the other
hand, CD3-AT cells mediated tumor-specific cytotox­
icity with coexisting peritoneal cells, an effect that
was enhanced by the addition of M-CSF in the assay.
The amount of M-CSF added in this experiment was
not enough to induce the antitumor activities of
M-CSF itself. A dose of M-CSF 1,000 times higher is
needed to observe the antitumor effect against this
mouse fibrosarcoma (data not shown).

IFN -y plays an active role in the anti-tumor activ­
ity of CD3-AT cells

In this series of experiments, we learned that cooper-
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Fig. 2. Specificity of adoptive immunotherapy of mice with per­
itoneal tumor dissemination.
B6 mice were injected i. p. with 2x 105 of 205 (A) and 203 (B) tumor
cells on day 0 to initiate peritoneal dissemination. Five days later,
CD3-AT cells from 2 different TDLN were injected i. p. in both
treatment groups. LAK cells were generated by incubating normal
spleen cells with 1000 UIml of IL-2 for 3 days. *205TDLN; effector
cells generated from LN draining 205. **203TDLN, effector cells
generated from LN draining 203. In this criss-cross survival study,
only the corresponding CD3-AT cells showed significant prolonga­
tion of survival time against their counterparts (P <0.005., general­
ized Wilcoxon test).
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FIg. 3. Effect of 500-rad irradiation on adoptive immunotherapy of
mice with peritoneal tumor dissemination.
A survival study was performed with the same treatment protocol as
in Fig. 1. Some mice were given 500 rads whole-body irradiation 1
day prior to tumor i. p. inoculation. In the T-cell depleted state,
CD3-AT cells showed comparative therapeutic effect (p> 0.1., gener­
alized Wilcoxon test), The results indicate that the host's T-cell
component plays no major role in this treatment model.
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Fig. 4. Effect of macrophage depletion induced by i. v. GdCl3 administra­
tion.
Flow microfl.uorocytometric analysis of peritoneal exudate cells was perfor­
med on the following 3 groups of mice. PEC were collected from normal mice
(A), mice bearing I-day peritoneal dissemination of 205 tumor cells (B), and
mice injected with GdCl3 2 days prior to 205 tumor inoculation. *PEC,
peritoneal cells were collected by washing the peritoneal cavity with 5 ml
saline 4 times. **One mg of GdCl3 was injected i. v. The macrophages that
stained positively for F4/80 were suppressed by GdCl3 administration.

ative actions occurred between adoptively transfer­
red CD3-AT cells and host macrophages in this
antitumor activity. To investigate the mediators of
this activity, we performed in vitro culture of tumor
and CD3-AT cells with and without peritoneal cells,
and examined the concentration of 2 cytokines, IFN­
y and TNF-a, which are known to have antitumor
and immunomodulating properties, in the culture
supernatanto

As shown in Fig. 7, in vitro tumor cell propagation
was suppressed by CD3-AT cells with coexisting
peritoneal cells in the culture. Under these conditions,
a significant increase in IFN-y and TNF-a was
detected by ELISA assay of the culture supernatant.

To confirm the involvement of these 2 cytokines in
antitumor activity, we performed in vivo blocking
experiments and in vitro cell growth assay using a
monoclonal rat IgG that neutralizes the activity of
murine IFN-y, but not IFN -a or IFN _,B13), and a

monoclonal rabbit IgG that neutralizes TNF-a I4
).

Mice with established peritoneal dissemination were
pretreated with either anti-IFN-y or anti-TNF-a by
intraperitoneal injection 1 day prior to adoptive
transfer of CD3-AT cells. As shown in Fig. 8, anti­
body to IFN-y significantly inhibited the in vivo
activity of CD3-AT cells, while late administration of
anti-IFN-y after the adoptive transfer of CD3-AT
cells did not. On the other hand, neither concomitant
nor post-treatment anti-TNF-a antibody administra­
tion reduced the in vivo effect treatment. In the same
manner, as shown in Fig. 9, addition of anti-IFN-y to
the in vitro culture inhibited susceptibility to tumor
cell lysis, while anti-TNF-a did not show any effect
(data not shown).

These results, which indicated that these 2 cyto­
kines, especially IFN -y, play an essential role in this
antitumor activity, were found mostly in the early
phase of the antitumor activities.
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Fig. 5. Effect of macrophage depletion on adoptive immunotherapy
of mice with peritoneal tumor dissemination.
A survival study was performed with the same treatment protocol as
in Fig. 1.
Some mice were given 1 mg of GdCl3 i. v. 1 day prior to tumor i. p.
inoculation. Depletion of macrophage with GdCl3 abrogated the
therapeutic effect (p<0.005., generalized Wilcoxon test), indicating
that the host's macrophage components are essential for this treat­
ment effect.
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FIg. 6. In vitro cytotoxicity of CD3-AT cells.
To simulate the intraperitoneal environment, PEC was added to the assay.
CD3-AT cells generated from 205 or 203 TDLN were tested against
51Cr-Iabeled 205 target cells in 4-hr or 18-hr 51Cr release assays.
*Effector, Closed and open bars represent the effector cells from LN
draining 205 and 203 tumors, respectively. **M-CSF, 400 Vlml added to
each assigned well. ***PEC, peritoneal cells collected after 3 days of tumor
i. p. inoculation. In standard 4-hr assays, CD3-AT cells showed no cytotox­
ic effects, although LAK cells mediated cytotoxicity, which showed no
tumor specificity. In 18-hr assays, CD3-AT cells mediated tumor-specific
cytotoxicity under conditions of coexistence with PEC, which was enhan­
ced by the addition of M-CSF in the assay.
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Fig. 7. Comparison of in vitro cell proliferation of tumor and lymphocyte
2X 104 205 cells were admixed with 2x 105 CD3-AT cells generated from 205
TDLN and were cultured in 2 ml complete medium. PEC were collected from
mice 3 day after tumor i. p. inoculation. Four x 104 PEC were added to
assigned wells.
Tumor cell propagation was suppressed by CD3-AT cells under condition of
coexistence with PEC in the culture. Under these conditions, a significant
increase in IFN-y and TNF-a were detected in the culture supernatant. This
indicates that these cytokines play an active roles in this anti-tumor activity.
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FIg. 8. Effect of anti-IFN-y or anti-TNF-a on adoptive immunother­
apy of mice with peritoneal tumor dissemination.
A survival study was performed with the same treatment protocol as
in Fig. 1. Some mice were treated with anti-IFN-y or anti-TNF-a
antibody by intraperitoneal injection concomitant to, or 2 days after,
adoptive transfer of CD3-AT cells. The antitumor effect was abrogat­
ed by anti-IFN-y administration when injected concomitant to adop­
tive transfer. (p<0.005., generalized Wilcoxon test)
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FIg. 9. Effect of anti-IFN-y mAb on in vitro cell growth of tumor and
lymphocyte.
Two X 104 205 cells were cocultured with 2 X 105 CD3-AT cells generat­
ed from 205 TDLN and 4 x 104 PEe. Anti-IFN-ymAb was added to
assigned wells on day 0 to test early exposure and on day 2 to test late
exposure. Inhibition of tumor cell propagation was suppressed when
anti-IFN-y mAb was added on day O. This indicates that IFN-y plays
an essential role in this anti-tumor activity in the early phase of
tumor-effector-macrophage contact.

DISCUSSION

We have demonstrated that adoptively transferred
CD3-AT cells bearing a mixed population of CD4+
and CD8+ T cells mediate in vivo antitumor activ­
ity4). It has been postulated that CD4+ T cells mediate
the in vivo rejection of the tumors by either eliciting
a DTH response15,16,17) or amplifying cytolytic CD8+
T-cell activity18). Both reactions are thought to occur
through soluble mediators released by the transferred
T cells. Although the evidence that these processes
are responsible for rejection in vivo is clearly in­
direct, it is thought that the host contributes, in some
capacity, an integral component(s) to the rejection
response induced by the transfer of effector cells.
Host macrophages appear to be a candidate for this
component in the immune response to tumors
because of their direct tumoricidal activity.

As an initial attempt to elucidate some of the
complex cellular interactions that lead to the regres­
sion of established syngeneic tumor, our current
study was undertaken using an agent, GdCI3 , that is
selectively'toxic to macrophages. In the experiments
reported in this paper, we have demonstrated that

GdCl3 treatment of mice with established peritoneal
dissemination of MCA fibrosarcoma abrogates the
curative capacity of adoptively transferred CD3-AT
cells. Findings of a similar nature have been reported
in the adoptive immunotherapy of a syngeneic tumor
in guinea pigs19

) and syngeneic mouse lymphomas20
),

In those two studies, the investigators used trypan
blue and carrageenan, which have a known, relative­
ly selective, toxicity to macrophages. The reasons
why we chose GdCl3 as a macrophage depletor are,
first, in this particular peritoneal dissemination
model, we failed to deplete the peritoneal macro­
phages by carrageenan administration, causing
rather inflammatory cell infiltratiop, and second,
GdCl3 administration has little effect on host cell
components other than macrophages, which was
confirmed in FACS analysis of peritoneal cells using
the macrophage-specific antibodies F4/802

l) and MIl
7022),

According to the result of the survival study and of
the in vitro I8-hr cytotoxicity test, in this particular
peritoneal dissemination model, host macrophages,
sensitive to GdCl3 but relatively resistant radiation
(500 R), are essential to the expression of adoptive
immunity and cure of tumor-bearing mice. It appears
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that definite cooperation exists between adoptive
transferred effector cells and host macrophages. One
possible explanation for the lack of correlation obser­
ved between in vivo antitumor activity and in vitro
cytotoxicity is that adoptively transferred cells may
secrete cytokines in response to tumors. The secreted
cytokines may then participate in tumor regression
by either direct antitumor activity or activation and
recruitment of host effector cells and macrophages.
We chose 2 cytokines, IFN-y and TNF-a, since we
have detected an increase of these 2 cytokines in
culture supernatant and because they have been re­
ported to possess both direct antitumor activity23.24)

and some immunomodulating properties, including:
1) increasing MHC antigen expression on tumor
cells25

), 2) macrophage activation26
), 3) activation of

cytotoxic T-Iymphocytes27
), 4) enhancing the suscepti­

bility of tumor cells to lysis28
), and 5) mediation of

delayed-type hypersensitivity29).

Interestingly, our results demonstrate that the
increase in secretion of these two cytokines occurs
under conditions of coexisting host macrophages,
which indicates that there is some kind of feedback
regulation of cytokine release, not only with tumor­
effector relations, but also with the indispensable
participation of host macrophages, which are activat­
ed or primed by the cytokines.

In vivo and in vitro antibody blocking experiments
have revealed the essential role of IFN -yo Since
antibody blocking inhibited treatment efficacy only
before and not after the adoptive transfer, IFN-y is
needed most in the early phase of the tumor-effector­
macrophage contact, maybe through the first three
properties out of the five previously mentioned, first,
MHC expression enhancement of tumor cells, second,
macrophage activation, and third, cytotoxic T-cell
activation. Tuttle et al. also reported that IFN-y is
the key cytokine in adoptive immunotherapy of mice
sarcoma because of the antiproliferative effect of the
cytokine itself and the activation of host effector
cells30

). In our study, however, host macrophages
were shown to be essential for tumor eradication, and
IFN-y is more important for its macrophage activa­
tion than for its direct antiproliferative effect on the
tumor.

Presumably, macrophages are not only passively
primed and activated by cytokines, but also actively
regulate cytokine release at the tumor site, and
TNF-a could be the one of the mediators. Although
we detected increased TNF-a in culture supernatant,
antibody blocking against TNF-a did not abrogate
the treatmeht effect like anti-IFN -yo However, the
dose and timing of antibody administration may not
have been adequate block TNF-a. The exact role of

TNF-a, if any, is not clear from our study but, we
assumed that the activated macrophages may release
TNF-a, which may be synergistic with IFN-y and
contribute to the total therapeutic effect against
tumor cells.

This report presents the important idea that adop­
tive immunotherapy with CD3-AT cells, which have
potent in vivo antitumor activity despite minimal in
vitro cytotoxicity, require host components, mainly
macrophages, participating at the tumor eradication
site and being mediated by IFN-y and TNF-a.

In this particular peritoneal dissemination model,
effector-host cell collaboration might be different
from systemic i. v. administration of effector cells,
but we found that this model is a rather interesting
way of studying the anti-tumor mechanisms of adop­
tive immunotherapy, and may be applicable to human
cancer patients not only in systemic therapy, but also
for controlling local disease, such as malignant peri­
tonitis or pleuritis.

Furthermore, these data suggest that it may be
possible to enhance therapeutic efficacy by using
other macrophage activators such as M-CSF or
GM-CSF, in the clinical application of adoptive im­
munotherapy, and that gene therapy with IFN-y or
TNF-a transfected effector cells may improve treat­
ment efficacy in human cancer patients.
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