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ABSTRACT

The in vivo antitumor effect of i.p. injection of allogeneic spleen
cells was investigated. ACI rats were inoculated i.p. with 104

AMC-60 syngeneic fibrosarcoma cells and given injections i.p. of
4 x 107 Wistar spleen cells once a week for 3 wk from 1 day

after tumor inoculation. This treatment significantly prolonged
the survival period of the tumor-bearing rats. A similar effect was

obtained by i.p. injections of Lewis spleen cells. Injection i.p. into
ACI rats of spleen cells of these rat strains resulted in the
apparent augmentation of cytolytic activity of peritoneal adherent
but not of nonadherent cells against AMC-60 tumor cells. The

cytotoxicity was exhibited nonspecifically to cells of a variety of
tumor lines but not to concanavalin A blasts of ACI spleen cells
and was inhibited by the addition of carrageenan. Irradiation
(2000 R) of Lewis spleen cells or fractionation of the allogeneic
spleen cells using nylon wool columns revealed that a radiosen
sitive and nylon wool-passed cell population, presumably a T-

cell population, of the allogeneic spleen cells is responsible for
the augmentation of peritoneal macrophage tumoricidal activity
in ACI rats. Further, Lewis spleen cells irradiated at 2000 R
neither augmented peritoneal macrophage cytotoxicity nor pro
longed the survival period of ACI rats bearing AMC-60 tumor,

suggesting that the augmentation of peritoneal macrophage
cytotoxicity plays a major role in the in vivo antitumor effect of
the allogeneic spleen cell transfer.

ACI rats were given injections i.p. of 4 x 107 Lewis spleen

cells. Two days after injection, cells including peritoneal cells of
the ACI rats and Lewis spleen cells remaining in the peritoneal
cavities were obtained by peritoneal lavages and then incubated
for 5 days. Significant blastogenic proliferation was observed,
and the supernatant of the culture was shown to be able to
render thioglycollate-induced peritoneal macrophages of ACI rats
cytotoxic to AMC-60 tumor cells, indicating that a certain cell
population of the cell mixture produced a lymphokine(s) resem
bling macrophage activating factor (MAP) during the incubation.
When ACI rats were given injections i.p. of irradiated Lewis
spleen cells, neither the blastogenic proliferation nor the gener
ation of MAP activity in the culture supernatant was observed.
Indirect immunofluorescence analysis using rabbit anti-ACI and
anti-Lewis antisera revealed that as many irradiated Lewis spleen
cells were remaining in the peritoneal cavities as normal Lewis
spleen cells 2 days after injection into ACI rats. Mixed-leukocyte

culture of normal Lewis spleen cells and irradiated ACI nonad
herent peritoneal cells resulted in both the blastogenic response
and the generation of MAP activity in the culture supernatant,

Received 8/2/85; revised 11/6/85; accepted 11/12/85.
The costs of publication of this article were defrayed in part by the payment of

page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

1Supported by a grant-in-aid for cancer research from the Ministry of Education.

Science, and Welfare of Japan.
2To whom requests for reprints should be addressed.

whereas that of irradiated Lewis spleen cells and normal ACI
nonadherent peritoneal cells did not. These results strongly
suggest that Lewis spleen T-cells, injected i.p. into ACI rats, may

produce a variety of lymphokines including MAP in response to
the histocompatibility antigens of the ACI rat strain in peritoneal
cavities, resulting in the augmentation of peritoneal macrophage
tumoricidal activity.

INTRODUCTION

It is well known that antigen- or mitogen-stimulated T-lympho-
cytes produce a variety of lymphokines including IL-2,3 IFN-7,
and MAP in vitro (1-4). As the biological activities of these

products have been well elucidated, their potent in vitro antitumor
activities, such as the augmentation of CTL responses, NK cell
activity, and macrophage tumoricidal activity, have stimulated
interest in the possible use of lymphokines in vivo for the treat
ment of cancer. However, one of the main problems regarding
in vivo administration of lymphokines is that they may be rapidly
eliminated from the blood circulation (5). Although great efforts
have been spent to prolong in vivo half-life of exogenously

administered lymphokines by means of administration of them in
a gelatin base (5) or enzymatic alteration of carbohydrate side
chains (6), multiple injections with the materials in large quantities
are necessary to obtain apparent antitumor effects (7).

Another way to apply lymphokines for cancer treatment is to
give a stimulus in vivo which can initiate the production of
lymphokines and sustain the reaction at the tumor site. Persist
ence of lymphokines, even though in a small amount, would be
enough to provoke local reactions against tumors. Alloantigen is
one of the stimuli capable of inducing the production of lympho
kines through mixed-leukocyte reaction. Therefore, it seems
possible that mixed-leukocyte reaction sustaining at the tumor

site could generate a potent antitumor effect resulting from
lymphokine-induced antitumor cytotoxicity.

The present study was undertaken to investigate whether
injections with allogeneic lymphoid cells into the peritoneal cavi
ties where syngeneic tumor cells are growing would result in an
apparent antitumor effect. In this paper, we show that significant
prolongation of survival of ACI rats bearing an ascitic, syngeneic
fibrosarcoma was obtained by i.p. injections of allogeneic spleen
cells and that one of the mechanisms involved in the antitumor
effect is that allogeneic spleen T-cells, injected i.p. into ACI rats,

may produce a variety of lymphokines including MAP in response
to the histocompatibility antigens of the ACI rat strain in the
peritoneal cavities, resulting in activation of peritoneal macro
phages of ACI rats to destroy tumor cells nonspecifically.

3The abbreviations used are: IL-2, interleukin-2; CM, complete medium; Con A,
concanavalin A; CTL, cytotoxic T-lymphocytes; FBS, fetal bovine serum; IFN,
Interferon; MAP, macrophage activating factor; MLC, mixed-leukocyte culture; NK,
natural killer cells; PC, peritoneal cells.
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MATERIALS AND METHODS

Animals and Tumors. Male ACI (RT1a) and Wistar rats (RT1k) were

purchased from Shizuoka Agricultural Cooperative for Experimental An
imals, Kanagawa, Japan. Male Lewis rats (RT11) were purchased from

Charles River Japan, Inc., Kanagawa, Japan. Rats were used at 8-10
wk of age. AMC-60, a methylcholanthrene-induced fibrosarcoma, and
SL-1, a spontaneous reticulum cell sarcoma, both derived from ACI rats,
were maintained by i.p. passages into ACI rats. FBL-3, a Friend virus-

induced leukemia of the C57BL/6 mouse, was maintained in culture with
RPM11640 medium (Nissui Pharmaceutical Co., Tokyo, Japan) supple
mented with 10% FBS (Filtron, Victoria, Australia), 100 units penicillin
per ml (Meiji Seika, Tokyo, Japan), 100 /ug streptomycin per ml (Meiji
Seika), and 2 mw L-glutamine (Flow Laboratories, North Lyde, Australia).

This medium was designated as CM.
Spleen Cells. Spleen cells were prepared by teasing spleens in RPMI

1640 medium supplemented with 2% FBS, washed twice, depleted of
RBC by water lysis, and then suspended into appropriate medium.

Experimental Design. ACI rats were inoculated i.p. with 104 AMC-60
tumor cells suspended into 1 ml Hanks' medium (Nissui). These rats

were given additional injections i.p. of 4 x 107 Wistar or Lewis spleen
cells suspended into 1 ml Hanks' medium once a day for 3 consecutive

days or once a week for 3 wk from 1 day after tumor inoculation. In
some experiments, ACI rats were given injections i.p. of irradiated (2000
R) Lewis spleen cells in the same manner after tumor inoculation. Control
rats were given injections i.p. of ACI spleen cells in the same manner or
left without any further treatment after tumor inoculation. The percentage
of surviving rats was calculated every day until 2 mo after tumor
inoculation. Statistical significance in survival periods between control
and experimental groups was determined by log-lank test.

To investigate the effect of i.p. injection of allogeneic spleen cells on
cytotoxicity of PC, ACI rats were given injections i.p. of 4 x 107 Wistar

or Lewis spleen cells once or once a week for 3 wk. Four to 14 days
after (the last) injection, rats were killed, and PC were obtained. In some
experiments, ACI rats were given injections i.p. of 4 x 107 Lewis spleen

cells irradiated at 2000 R or fractionated by nylon wool columns as
described below.

Fractionation of Cells. Adherent and nonadherent PC were separated
as described previously (8). Briefly, PC were obtained individually from
ACI rats by lavage of the peritoneal cavities with Hanks' medium supple

mented with heparin (5 units/ml; Novo Industries, Bagsvaed, Denmark),
washed twice, and suspended into CM. Five-hundred thousand PC were
added to a well of a microculture plate (No. 76-013-05; Linbro, McLean,
VA) and incubated at 37Â°Cfor 2 h in a humidified 5% CO2 atmosphere.

After incubation, nonadherent cells were removed by repeated washings
of the well with warmed 2% FBS:RPM11640 medium, and 100 ÃŸ\of CM
were added to the well. Approximately 65-75% of the cells remained as

adherent cells after this procedure in the cases of both normal rats and
rats given injections i.p. of spleen cells. There is no significant difference
in the percentage population of adherent cells in PC between normal
rats and rats given injections i.p. of allogeneic spleen cells. More than
90% of the resultant adherent cells were phagocytic, as determined by
phagocytosis of carbon particles. The adherent cells were used as
effector cells of the cytotoxicity test. To obtain the nonadherent cell
population of PC, adherent cells were removed by 2 consecutive 2-h
incubations of 107 PC in a 60-mm plastic dish (No. 25010; Corning,

Corning, NY). The resultant nonadherent cell population contained ap
proximately 10% phagocytic cells, as determined by phagocytosis of
carbon particles. The nonadherent cells were collected by centrifugation
and suspended in CM at a cell density of 5 x 106 per ml. Five-hundred

thousand nonadherent PC (100 ^l) were added to a well of a microculture
plate (No. 76-013-05; Linbro) and used as effector cells of the cytotoxicity

test.
Spleen cells of Lewis rats were fractionated by nylon wool columns

(Wako Pure Chemical Industries, Osaka, Japan) according to the method
of Julius et al. (9). As reported previously (10), 2 consecutive passages

of spleen cells resulted in approximately 10% recovery of the starting
cells. The eluted nonadherent cell population contained less than 1%
phagocytic cells, as determined by the uptake of carbon particles.
Loosely adherent cells were discarded by rinsing the nylon wool in
warmed 2% FBS:RPM11640 medium 3 times. Firmly adherent cells were
then obtained by further vigorous rinsing of the nylon wool in cold 2%
FBS:RPMI 1640 medium. Approximately 10% of the starting cells was
recovered in the adherent cell population. The nylon wool-nonadherent
and -adherent cells were resuspended into Hanks' medium and used for

in vivo allostimulation.
Con A Blasts. Ten million spleen cells of ACI rats were incubated in

10 ml CM supplemented with 5 x 10~5 M 2-mercaptoethanol (Wako Pure

Chemical Industries) and Con A (5 ^g/ml; Pharmacia Chemicals AB,
Uppsala, Sweden) in a 25-mm2 culture flask (No. 25100; Corning) at an
upright position for 2 days at 37Â°Cin a humidified 5% CO2 atmosphere.

Antisera. An albino rabbit, purchased from Awazu Experimental Ani
mal Co., Osaka, Japan, was given an injection s.c. of 6 x 10a ACI spleen
cells emulsified with 1 ml Freund's complete adjuvant (Difco, Detroit, Ml).

The rabbit was boosted with a s.c. injection of 3 x 10Â°ACI spleen cells
suspended in 0.5 ml Hanks' medium monthly 3 times. Another rabbit

was immunized with Lewis spleen cells in the same manner. Anti-ACI
and anti-Lewis antisera were obtained 1 wk after the last boosting,
inactivated at 56Â°C for 1 h, and absorbed 6 times with Lewis or ACI

spleen cells, respectively. Indirect immunofluorescence analysis using rat
spleen mononuclear cells and nonadherent PC as targets showed that
these absorbed antisera bound to 90-92% of the cells of the relevant
rat strain (specific binding) and 8-10% of the irrelevant rat strains

(nonspecific binding).
Indirect Immunofluorescence Analysis. One million cells were incu

bated in 100 n\ anti-ACI or anti-Lewis antiserum diluted at 1;20 for 45
min at 4Â°C.After washing, cells were stained with goat anti-rabbit IgG
F(ab')s fragment conjugated with fluorescein isothiocyanate (E. Y. Lab

oratories, Inc., San Mateo, CA) at a dilution of 1:20 for 45 min at 4Â°C.

The percentage ratio of cells positive for anti-ACI or anti-Lewis antiserum

was scored under a fluorescence microscope.
MLC and Lymphokine Supematants. Responder cells (1.5 million)

and the same number of irradiated (2000 R) stimulator cells were
suspended in 1.5 ml CM supplemented with 5 x 10~5 M 2-mercaptoeth
anol and 10 mM W-2-hydroxyethylpiperazine-A/'-2-ethanesulfonic acid

buffer (Gibco, Grand Island, NY) and incubated in a well of a 24-well
microculture plate (No. 25820; Coming) at 37Â°Cin a humidified 5% CO2

atmosphere for 5 days. After incubation, the supernatant of the culture
was applied to measurement of MAF activity. To examine blastogenic
response in MLC, 106 responder cells and the same number of irradiated

stimulator cells suspended in 200 n\ of the same medium were added to
a well of a microculture plate (No. 25860; Coming) and incubated at
37Â°C in a humidified 5% C02 atmosphere for 5 days. The cells were
then pulsed for 4 h with 0.5 ^Ci [3H]thymidine (20 mCi/mmol; New

England Nuclear, Boston, MA). Cultures were harvested onto glass fiber
strips with the aid of a multiple automated sample harvester (MASH II;
Microbiological Associates, Bethesda, MD). [3H]Thymidine incorporation

in triplicate cultures was determined by liquid scintillation counting.
In other experiments, ACI rats were given injections i.p. of 4 x 107

normal or irradiated (2000 R) Lewis spleen cells. Two days after injection,
cells were obtained from the peritoneal cavities of the rats, pooled, and
depleted of dish-adherent cells by 2 consecutive 2-h incubations of the
cells in a 60-mm dish (No. 25010; Coming) as described above. Three

million cells of the resultant nonadherent cell fraction, composed of the
dish-nonadherent cell population of both PC of ACI rats and Lewis spleen

cells injected i.p. into the rats, were suspended into 1.5 ml of the same
medium and incubated for 5 days in a well of a 24-well microculture plate

(No. 25820; Corning). The supernatant of the culture was tested for MAF
activity. Two-hundred thousand cells of the nonadherent cell population

suspended in 200 M!of the same medium were incubated for 5 days in
a well of a microculture plate (No. 25860; Coming) to detect blastogenic
proliferation.
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Cytotoxicity Test. One million target cells suspended in 1 ml of CM
were labeled with 5 /Â¿Ciof 5-[125l]iodo-2'-deoxyuridine (Amersham, Buck

inghamshire, England) in a well of a 4-well culture plate (Nunc, Roskilde,
Denmark) at 37Â°C for 4 h in a humidified 5% CO2 atmosphere, as

described previously (8). When Con A blasts were used as target cells,
106 blasts suspended in 100 n\ of FBS were labeled with 100 Â¿iCiof
Na251CrO.t(Japan Atomic Energy Research Institute, Tokyo, Japan) at
37Â°C for 30 min. Labeled target cells were washed 3 times and sus
pended in CM at a cell density of 5 x I04/ml. Five thousand labeled

target cells (100 Â¡A)were added to the well containing effector cells
suspended in 100 n\ CM. The plate added with 125l-labeledor 51Cr-labeled
target cells was incubated at 37Â°Cin a humidified 5% CO2 atmosphere

for 24 h or 8 h, respectively. After incubation, the radioactivity of 100 n\
of the supernatant was counted in a gamma counter. The percentage of
specific cytolysis was calculated by the following formula.

100

% of specific cytolysis

Experimental cpm - spontaneous cpm

Total cpm - spontaneous cpm

Spontaneous cpm, measured by the incubation of target cells alone, was
in the range of 10-30% of total cpm. The mean difference in the

percentage of specific cytolysis between experimental and control
groups was evaluated by Student's f test.

Measurement of MAP Activity. MAF activity of the MLC supernatants
was assayed by measurement of its ability to induce cytolytic activity in
thioglycollate-elicited peritoneal macrophages of ACI rats toward AMC-

60 tumor cells according to the method of Meltzer (2) with a slight
modification. Briefly, 4 ACI rats were given injections i.p. of 8 ml of 10%
thioglycollate solution (Difco, Detroit, Ml). Four days after injection, PC
were obtained individually, and the adherent fraction was separated from
5 x 105 PC in a well of a microculture plate (No. 76-013-05; Linbro) as

described above. The adherent cells were pulsed with 100 n\ of super
natant diluted at 1:2 for 8 h at 37Â°Cin a humidified 5% CO2 atmosphere.

The supernatant was then removed by washing, and 100 ii\ of CM were
added to the well. Five thousand 125l-labeled AMC-60 tumor cells sus

pended in 100 fi\ of CM were added to the well containing macrophages
pulsed with the MLC supernatants. After incubation at 37Â°Cfor 24 h in

a humidified 5% CO2 atmosphere, the radioactivity of 100 n\ of the
supernatant was counted. MAF activity was expressed as cytolytic
activity of macrophages treated with the MLC supernatants.

RESULTS

Prolongation of Survival Period of ACI Rats Bearing AMC-
60 Syngeneic Fibrosarcoma by i.p. Injections of Allogeneic
Spleen Cells. ACI rats were inoculated i.p. of 10" AMC-60 tumor
cells on Day 0 and given i.p. injections of 4 x 107 Wistar spleen

cells 3 times on Days 1, 2, and 3, or on Days 1, 8, and 15.
Control rats were left with no further treatment after tumor
inoculation. Survival rates of these rats are shown in Fig. ~\A.

Significant prolongation of the survival period was observed
when ACI rats were given injections i.p. of Wistar spleen cells
on Days 1,8, and 15 after tumor inoculation, as compared with
that of control rats. Injections i.p. of the allogeneic spleen cells
for 3 consecutive days from 1 day after tumor inoculation did
not result in apparent prolongation of the survival period. In the
next experiment, the antitumor effect was compared between
Wistar and Lewis spleen cells. ACI rats were given injections i.p.
of 4 x 107 Wistar or Lewis spleen cells on Days 1, 8, and 15

after tumor inoculation. Control rats were treated with ACI spleen
cells in the same manner. As shown in Fig. 16, Lewis spleen
cells also prolonged the survival period of the tumor-bearing rats

50
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40

20
Days after tumor inoculation

30

Fig. 1. Prolongation of the survival period of ACI rats bearing ascitic AMC-60
fibrosarcoma by i.p. injections of allogeneic spleen cells. In A, ACI rats were
inoculated i.p. with 10* AMC-60 tumor cells on Day 0 and given injections i.p. of 4
x 107 Wistar spleen cells on Days 1, 2, and 3 (â€”, n = 10) or on Days 1, 8, and
15 (â€”, n = 9). Control rats were given no further treatment after tumor inoculation
( , n = 10). Statistical significance in the survival rate: control rats versus rats
treated with Wistar spleen cells on Days 1, 2, and 3, not significant; control rats
versus rats treated with the allogeneic spleen cells on Days 1,8, and 15, P < 0.01 ;
rats treated on Days 1, 2, and 3 versus rats treated on Days 1, 8, and 15, P <
0.01. In B, ACI rats were inoculated i.p. with 10* AMC-60 tumor cells on Day 0 and
given injections i.p. of 4 x 107 Wistar (â€”, n = 10) or Lewis spleen cells (â€”, n =

10) on Days 1, 8, and 15. Control rats were given injections i.p. of ACI spleen cells
in the same manner ( , n = 10). Statistical significance: control rats versus rats
treated with Wistar spleen cells, P < 0.005; control rats versus rats treated with
Lewis spleen cells, P < 0.0005; rats treated with Wistar spleen cells versus rats
treated with Lewis spleen cells, not significant.

as effectively as did Wistar spleen cells. Preliminary experiments
showed that more than 2 x 107 spleen cells of these rat strains

are necessary to obtain apparent prolongation of the survival
period of ACI rats bearing AMC-60 tumor (data not shown).

Augmentation of Peritoneal Macrophage Tumoricidal Activ
ity by Allogeneic Spleen Cells. PC were obtained from ACI rats
after single or multiple i.p. injections of 4 x 107 Lewis spleen

cells, fractionated by plastic dishes, and then tested for cytolytic
activity against AMC-60 tumor cells. The results are shown in

Fig. 2, A and B. Cytotoxicity of PC was significantly augmented
by 4 days after an i.p. injection of Lewis spleen cells and then
declined. The augmentation of Cytotoxicity was more prominent
and lasted longer in rats given repeated injections of Lewis
spleen cells than in those given a single injection of the allogeneic
spleen cells. In both cases, the augmented Cytotoxicity was
found to be mediated by adherent but not by nonadherent cells
at any day after injection, indicating that i.p. injection of Lewis
spleen cells resulted in the augmentation of peritoneal macro-
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Fig. 2. Induction of cytolytic activity of peritoneal cells by i.p. injection of allo-
geneic spleen cells. ACI rats were given injections i.p. of 4 x 107 Lewis spleen cells

once (A) or once a week for 3 wk (B). PC were obtained on days indicated after
the single (A) or the last injection (B). Unfractionated (â€¢),adherent (O), and
nonadherent PC (A) were tested for cytolytic activity against AMC-60 tumor cells.

Each group consisted of 4 rats. Bars, SE.

Table 1

Augmentation of peritoneal macrophage tumoricidal activity by i.p. injection of
allogeneic spleen cells in ACI rats

Injection ofa
No. of
rats

%of
specific

cytolysis01 '

None
ACI spleen cells
Lewis spleen cells
Wistar spleen cells

11.0 Â±1.0"

11.2 Â±0.7
32.1 Â±2.4
20.8 Â±1.8

aACI rats were given injections i.p. of 4 x 107 spleen cells of ACI, Lewis, or

Wistar rats.
" Four days after injection, adherent PC were obtained individually and tested

for cytolytic activity against AMC-60 tumor cells.
c Statistical significance: no injection versus ACI spleen cells, not significant; no

injection versus Lewis spleen cells, P < 0.01 ; no injection versus Wistar spleen
cells, P < 0.01 ; ACI spleen cells versos Lewis spleen cells, P < 0.001 ; ACI spleen
cells versus Wistar spleen cells, P < 0.01; Lewis spleen cells versus Wistar spleen
cells, P < 0.01.

" Mean Â±SE.

phage tumoricidal activity. The augmentation of peritoneal mac
rophage tumoricidal activity was also observed when ACI rats
were given injections i.p. of Wistar spleen cells. ACI rats were
given injections i.p. of 4 x 107 Lewis or Wistar spleen cells. ACI

spleen cells were used as a control. Four days after injection,
adherent PC were obtained and tested for cytolytic activity
against AMC-60 tumor cells. As shown in Table 1, Wistar spleen

cells also augmented the cytotoxicity, while Lewis spleen cells
augmented it still more than did Wistar spleen cells. Cytotoxicity
of nonadherent PC of normal ACI rats was 6% and was not
augmented by i.p. injection of either Lewis or Wistar spleen cells
(data not shown).

Table 2 shows the target specificity of the cytotoxicity and the
influence of carrageenan on the reaction. ACI rats were given
injections i.p. of 4 x 107 Lewis spleen cells weekly for 3 wk, and

then PC were obtained. Cytotoxicity of the adherent cell popu
lation was examined using cells of a variety of tumor lines and
Con A blasts of ACI spleen cells as targets. Adherent PC of ACI
rats given injections i.p. of ACI spleen cells were used as a
control. The augmented cytotoxicity was observed not only
against AMC-60 but also against SL-1 and FBL-3 tumor cells,

and it was significantly suppressed by the addition of carra
geenan to the reaction mixture. The adherent PC did not exhibit

any cytotoxicity against ACI Con A blasts.
Characterization of Cells Responsible for the Augmenta

tion of Peritoneal Macrophage Tumoricidal Activity. To inves
tigate which cell population of Lewis spleen cells was responsible
for the augmentation of peritoneal macrophage tumoricidal activ
ity in ACI rats, Lewis spleen cells were irradiated or fractionated
using nylon wool columns and then injected i.p. into ACI rats.
Four days after injection, cytotoxicity of adherent PC was ex
amined. As shown in Table 3, the potentiating effect of Lewis
spleen cells on macrophage tumoricidal activity was significantly
reduced by irradiation of the cells. On the other hand, the
augmentation of the peritoneal macrophage cytotoxicity was
further accelerated by passing the allogeneic spleen cells through
nylon wool columns. The nylon wool-adherent cell population of

the cells could not apparently enhance the cytotoxicity. These
results indicate that a radiosensitive and nylon wool-nonadherent

cell population of Lewis spleen cells is mainly responsible for the
augmentation of peritoneal macrophage tumoricidal activity in
ACI rats. Preliminary experiments confirmed that blastogenic
response to Con A of the nylon wool-nonadherent or -adherent

cells was significantly higher or lower than that of unfractionated
Lewis spleen cells, respectively (data not shown).

The number of cells obtained from the peritoneal cavities was
significantly increased 4 days after injection of Lewis spleen
cells. The increase in the cell number was not affected by either
irradiation or fractionation of the spleen cells using nylon wool.

To examine whether irradiation of Lewis spleen cells would
also reduce the in vivo antitumor effect of the cells in ACI rats
bearing AMC-60 tumor, ACI rats were given injections i.p. of 4
x 107 normal or irradiated Lewis spleen cells on Days 1, 8, and
15 after i.p. inoculation of 10" AMC-60 tumor cells. The results

are shown in Fig. 3. As expected, irradiated Lewis spleen cells
could not prolong the survival period of the tumor-bearing rats,
whereas normal Lewis spleen cells could.

MAP Activity of Culture Supernatants of Cells Obtained
from the Peritoneal Cavities of ACI Rats Given Injections i.p.
of Lewis Spleen Cells. Cells were obtained from the peritoneal
cavities of ACI rats 2 days after i.p. injection of 4 x 107 normal

or irradiated Lewis spleen cells and were tested for in vitro
production of MAF activity. Before the start of the culture,
adherent cells were depleted from the cells by dish adherence,
because the presence of macrophages in excess results in
suppression of the blastogenic response of lymphocytes. As
shown in Table 4, approximately 40% of the nonadherent cell
population of the cells was found to be of Lewis rat origin in both
the case of i.p. injection with normal Lewis spleen cells and that
with irradiated Lewis spleen cells. Ten % of the binding of anti-
Lewis antiserum to the nonadherent cells is the nonspecific
phenomenon, presumably due to the contamination of the cell
population with ACI peritoneal macrophages. Significant blasto
genic response was observed on Day 5 of the culture in the case
of i.p. injection of normal Lewis spleen cells. In vitro treatment of
thioglycollate-induced ACI peritoneal macrophages with the su

pernatant of the culture resulted in apparent augmentation of
the cytolytic activity against AMC-60 tumor cells, indicating that

the supernatant contained a lymphokine(s) resembling MAF.
Cytotoxicity of thioglycollate-induced ACI peritoneal macro

phages pulsed with medium alone was 27%. Preliminary studies
confirmed that the pulse treatment with the culture supernatant
at a final dilution of 50% for 8 h is the optimal condition to detect
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Table 2

Cytotoxicity of peritoneal macrophages ofACI rats stimulated with allogeneic spleen cells and suppression of the cytotoxicity by carrageenan

Experiment Injectionof"1

ACI spleencellsLewis
spleencells2

ACI spleencellsLewis
spleen cellsNo.

ofrats3333AdditionOfcarrageenan6
AMC-6021

.9 Â±0.2e43.9

Â±1.911.3

Â±1.621.2
Â±1.0+

1.5 + 0.3%

of specific cytolysisc'"SL-19.7

Â±1.817.2
Â±2.0NONDNDFBL-3ND'NO10.6

Â±2.544.2
Â±3.08.3
Â±1.6ACI,Con

Ablast-2.8

Â±1.5-0.6
Â±1.1NDNDND

* ACI rats were given injections i.p. of 4 x 107 spleen cells of ACI or Lewis rats weekly for 3 wk. Four days after the last injection, adherent PC were obtained and

tested for cytolytic activity against target indicated.
" Carrageenan was added to the reaction mixture at a final concentration of 100 ng/ml.
c AMC-60. SL-1, and FBL-3 tumor cells were labeled with 5-[12Sl]iodo-2'-deoxyuridine and used as target cells for a 24-h cytotoxicity assay. Con A blasts of ACI

spleen cells were labeled with Na2ei1CrO4and used as target cells for the 8-h assay.
0 Statistical significance, AMC-60 cells: ACI versus Lewis spleen cells (Experiment 1, both without carrageenan), P < 0.001 ; ACI versus Lewis spleen cells (Experiment

2, both without carrageenan), P < 0.001 ; Lewis spleen cells without carrageenan versus Lewis spleen cells with carrageenan (Experiment 2), P < 0.001. SL-1 cells: ACI
versus Lewis spleen cells (Experiment 1, both without carrageenan), P < 0.05. FBL-3 cells: ACI versus Lewis spleen cells (Experiment 2, both without carrageenan), P
< 0.001 ; Lewis spleen cells without carrageenan versus those with carrageenan (both in Experiment 2), P < 0.001.

" Mean Â±SE.

ND, not determined.

Table 3

Characterization of cells responsible for the augmentation of peritoneal
macrophage tumoricidal activity in ACI rats

Experi
ments12Injectedwith8NoneNormal

spleencellsIrradiated
spleencellsNoneUnfractionated

spleencellsNylon
wool-passedspleen

cellsNylon
wool-adherentspleen

cellsNo.

ofrats3443443No.

ofperitonealcells(x10-'f1.0

Â±0.1e6.5

Â±0.84.7
Â±0.70.9

Â±0.24.8
Â±0.54.2
Â±0.25.1

Â±0.9%ofspecificcytolysis0'

"21

.9Â±2.349.4
Â±3.229.9

Â±1.29.1

Â±1.225.6
Â±4.344.7
Â±2.917.1

Â±3.0

a ACI rats were given injections i.p. of 4 x 107 normal or irradiated Lewis spleen
cells in Experiment 1 or with 4x10' Lewis spleen cells fractionated by nylon wool

columns as indicated in Experiment 2.
" Four days after injection, PC were obtained individually from these rats, and

the cell number was counted.
c The adherent cell population of PC was tested for cytolytic activity against

AMC-60 tumor cells.
" Differences in the number of PC between untreated and treated ACI rats are

statistically significant (P < 0.01) in both Experiments 1 and 2, while those among
the treated groups are not significant in either of the 2 experiments. Statistical
significance, Experiment 1: no injection versus normal spleen cells, P < 0.001;
normal spleen cells versus irradiated spleen cells, P < 0.01 ; no injection versus
irradiated spleen cells, P < 0.05. Experiment 2: no injection versus unfractionated
spleen cells, P < 0.01 ; unfractionated spleen cells versus nylon wool-passed spleen
cells, p < 0.01 ; nylon wool-passed versus -adherent spleen cells, P < 0.01 ; no
injection versus nylon wool-adherent spleen cells, not significant; unfractionated
spleen cells versus nylon wool-adherent spleen cells, not significant.

e Mean Â±SE.

100

150

"in

10 20
Days after tumor inoculation

30

Fig. 3. Abolishment of antitumor effect of allogeneic spleen cells by irradiation
of the cells. ACI rats were inoculated i.p. with 1(? AMC-60 tumor cells on Day 0
and given injections i.p. of 4 x 107 normal (â€”, n = 11) or irradiated (2000 R)

(â€”, n = 10) Lewis spleen cells on Days 1, 8, and 15. Control rats were given no
further treatment after tumor inoculation ( , n = 11). Statistical significance in
the survival rate: control rats versus rats treated with normal Lewis spleen cells. P
< 0.01, control rats versus rats treated with irradiated Lewis spleen cells, not
significant; rats treated with normal spleen cells versus rats treated with irradiated
spleen cells, P < 0.05.

suggest that the cells responsible for the in vitro generation of
MAP activity in the culture supernatant are Lewis spleen cells
remaining in the peritoneal cavities, but not nonadherent PC of
ACI rats.

MAP activity without further stimulation with bacterial endotoxic
lipopolysaccharides. When ACI rats were given injections i.p. of
irradiated Lewis spleen cells, neither the blastogenic response
nor the generation of MAP activity in the culture supernatant
was observed. In keeping with these observations, 5-day culture

of normal Lewis spleen cells with irradiated nonadherent PC of
ACI rats resulted in both apparent blastogenic proliferation and
little though definite generation of MAP activity in the culture
supernatant. Neither of these 2 responses was observed when
Lewis spleen cells were incubated alone (data not shown). On
the other hand, MLC between irradiated Lewis spleen cells and
normal ACI nonadherent PC did not cause either blastogenic
response or lymphokine(s) production. These results strongly

DISCUSSION

The results of this study indicate that weekly i.p. injections of
Wistar or Lewis spleen cells resulted in apparent prolongation of
the survival period of ACI rats bearing the AMC-60 syngeneic

fibrosarcoma as an ascitic form. The antitumor effect seems to
be based mainly on the augmentation of peritoneal macrophage
tumoricidal activity by allogeneic spleen cells, from the findings
that i.p. injection of the allogeneic spleen cells into ACI rats
resulted in apparent augmentation of cytolytic activity of adherent
but not of nonadherent PC, and that reduction of the augmen
tation of the macrophage cytotoxicity by irradiation of the allo-
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Table 4
MAPactivity of culture supernatantsof cells obtained from the peritoneal cavities of ACI rats given injections i.p. of allogeneicspleen cells

% of cells positivefor"Cell

culture8NAPC9

of normal ACIratsNAPC

of ACI rats given injections i.p. of normal Lewis
spleencellsNAPC

of ACI rats given injections i.p. of irradiated Lewis
spleencellsNormal

Lewis spleen cells + irradiated ACINAPCIrradiated

Lewis spleen cells + normal ACI NAPCanti-ACI

antiserum925252NONDanti-Lewisantiserum104650NDND[3H]Thymidineincorporation0'"7,528

Â±1,938"36,862

Â±5,1164,148

Â±98614,351

Â±6642,798

Â±971MAF

activity of
the supematants"1'25.3

Â±1.442.7

Â±0.824.9

Â±1.433.6

Â±1.927.1

Â±2.6
" Three ACI rats were given injections i.p. of 4 x 107 normal or irradiated Lewis spleen cells. Two days after injection, cells were obtained from the peritoneal cavities

of these rats, pooled in each group, and depleted of dish-adherent cells. PC of normal ACI rats were used as a control. Nonadherent PC of these 3 groups were divided
into 3 aliquots. The first aliquot was cultured for 5 days at a cell density of 3 x 10* cells per 2 ml of culture medium in a well of a 24-well microculture plate. MLC between
1.5 x 10* Lewis spleen cells and the same number of nonadherent PC of ACI rats in 2 <nl of culture medium was carried out in the same manner for 5 days. The

supematants of these cultures were applied to MAF activity measurement.
" The second aliquot of nonadherent PC was examined for the population of cells derived from the ACI or Lewis rat strain by indirect immunofluorescenceanalysis

using rabbit anti-ACI and anti-Lewis antisera.
c The third aliquot of nonadherent PC was cultured for 5 days at a cell density of 2 x 106cells per 200 ^l of culture medium in a well of a 96-well microculture plate.

MLC between 10s Lewis spleen cells and the same number of nonadherentPC of ACI rats in 200 M!of culture medium was carried out in the same manner for 5 days.
The blastogemcresponse in triplicate culture was estimated by [3H|thymidineincorporation.

" Statistical significanceagainst the data of nonadherent PC of normalACI rats given injections of normal Lewis spleencells i.p., P < 0.001, and those ACI rats given

injections of irradiated Lewis spleen cells, not significant; normal Lewis spleen cells plus irradiated ACI nonadherent PC, P < 0.02; irradiated Lewis spleen cells plus
normalACI nonadherentPC, not significant.

8Thioglycollate-inducedadherent PC obtained individuallyfrom 4 ACI rats were pulsed with the supematants at a final concentration of 50% for 8 h and then tested
for cytolytic activity against AMC-60 tumor cells.

'Statistical significanceof nonadherent PC of ACI rats given injections i.p. of normal Lewis spleen cells, P < 0.001, and those ACI rats given injections of irradiated

Lewis spleen cells, not significant; normal Lewis spleen cells plus irradiated ACI nonadherent PC, P < 0.05; irradiated Lewis spleen cells plus normal ACI nonadherent
PC, not significant.

9 NAPC,nonadherentperitonealcells; ND, not determined.
" Mean Â±SE.

geneic spleen cells was accompanied with the diminution of the
in vivo antitumor effect. The cytotoxic macrophages were con
sidered to be of ACI rat origin but not to be splenic macrophages
of Lewis rats given by injection i.p. into ACI rats, because the
depletion of the nylon wool-adherent cell population from the
allogeneic spleen cells did not reduce but augmented their ability
to elevate the macrophage cytotoxicity.

in vitro stimulation of murine spleen cells with alloantigens has
been found to result in the generation of cytotoxic cells capable
of lysing cells of a variety of syngeneic tumor or virus-trans

formed cell lines. Two different mechanisms have been reported
to be involved in the phenomenon. One is that certain syngeneic
murine tumor cells express "alien" histocompatibility antigens

which are shared or cross-reactive with histocompatibility anti

gens expressed on normal cells from allogeneic individuals (11).
Therefore, effector cells of the cytotoxicity against the syngeneic
tumor cells are alloreactive CTL. The other is that lymphokines
produced during allostimulation can induce the generation of
cytotoxic cells that are capable of lysing a variety of syngeneic
turnor cells. The cytotoxic cells, referred to as lymphokine-
activated killer cells, are also Lyt-2+ T-cells (12). However, the

cytotoxicity shown in this study is completely different from these
2 observations, because effector cells of the cytotoxicity were
shown to be macrophages but not lymphocytes. Further, we
confirmed that AMC-60 tumor cells do not express antigens

shared with cells of the Lewis rat strain, from the finding that
ACI anti-Lewis CTL generated by in vitro MLC did not lyse AMC-
60 tumor cells.4

41. Kawase, K. Komuta, M. Namba, S. Yokota, T. Ogura, and S. Kishimoto,
unpublisheddata.

Irradiation of Lewis spleen cells or fractionation of the spleen
cells using nylon wool columns revealed that the augmentation
of the macrophage cytotoxicity requires a radiosensitive and
nylon wool-passed cell population of Lewis spleen cells, sug
gesting that a T-cell population of the spleen cells is involved in

the mechanism(s). Actually, apparently positive correlation be
tween the ability to augment the cytotoxicity and the responsive
ness to Con A was observed when Lewis spleen cells were
irradiated or fractionated by nylon wool columns (data not
shown). Recently, a variety of monoclonal antibodies that distin
guish distinct rat lymphoid cell subpopulations has been devel
oped (13). Using these reagents, further studies are necessary
to confirm these observations and to clarify which subpopulation
of Lewis spleen T-cells is responsible for the augmentation of

the cytotoxicity in ACI rats.
The requirement of T-cells of the Lewis rat strain for the

development of the allogeneic spleen cell-induced antitumor
cytotoxicity also suggests that the allogeneic T-cells injected i.p.

into ACI rats may produce a variety of lymphokines including
MAF in response to the histocompatibility antigens of the ACI
rat strain in the peritoneal cavities, resulting in the activation of
peritoneal macrophages of ACI rats. This speculation was par
tially supported by the findings that in vitro cultures of the dish-
nonadherent cells obtained from the peritoneal cavities of ACI
rats given injections i.p. of Lewis spleen cells, including nonad
herent PC of ACI rats and viable Lewis spleen cells which had
been injected, resulted in both blastogenic proliferation and the
generation of MAF activity in the culture supernatant, and that
both of the 2 reactions were completely abolished by irradiation
of the allogeneic spleen cells before injection. These results
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strongly suggest that the activity was generated by the injected
Lewis spleen cells but not by peritoneal lymphoid cells of ACI
rats. The results of MLC also confirmed that Lewis spleen cells
but not ACI nonadherent PC could produce the lymphokine(s) in
response to the other alloantigen.

It is not clear why nonadherent PC of ACI rats do not respond
to alloantigen in vitro. It is unlikely that the poor responsiveness
might be based on the lack of antigen-presenting cells in the
responder cell population, because the dish-nonadherent fraction

of PC is usually contaminated with macrophages at a few per
centages of the total cells. It seems possible that the population
of T-cells in PC of ACI rats is too small to exhibit detectable

responses to alloantigens. Indeed, even when i.p. injection of
irradiated Lewis spleen cells was repeated weekly 3 times,
nonadherent PC of the rats still could not produce such a
lymphokine(s) in vitro in response to the irradiated stimulator
cells (data not shown). However, the results of this study do not
rule out the possibility that T-cells of ACI rat origin may migrate

into the peritoneal cavities in response to a factor(s), such as a
chemotactic factor, produced by the injected Lewis spleen cells,
and may produce lymphokines in response to the histocompati-

bility antigens of the allogeneic spleen cells remaining in the
peritoneal cavities. Indeed, we confirmed that ACI spleen cells
exhibit a high blastogenic response in vitro to irradiated Lewis
spleen cells resulting in apparent generation of MAP activity in
the culture supernatant.4 Therefore, the production of lympho

kines by ACI spleen cells in response to the histocompatibility
antigens of the Lewis rat strain might play a small part of the
augmentation of peritoneal macrophage tumoricidal activity by
Â¡.p.injection of the allogeneic spleen cells. Indeed, weak but
definite elevation of peritoneal macrophage cytotoxicity was
observed 4 days after i.p. injection of irradiated Lewis spleen
cells (Table 3).

It is unlikely that the reduction of the in vivo antitumor effect
resulting from irradiation of Lewis spleen cells might be based
on rapid disappearance of the irradiated spleen cells from the
peritoneal cavities of ACI rats, because indirect immunofluores-
cence analysis using rabbit anti-Lewis antiserum revealed that

the irradiated Lewis spleen cells were still present in the perito
neal cavities 7 days after injection into ACI rats, populating 30.5%
of the peritoneal nonadherent cell population. This is comparable
with the data derived from i.p. injection of normal Lewis spleen
cells, because 37.5% of the peritoneal nonadherent cell popula
tion was found to be of Lewis rat origin when ACI rats had been
given injections i.p. of normal Lewis spleen cells 7 days earlier.

It seems possible that a certain cell population of Lewis spleen
cells would become mature anti-ACI CTL in the peritoneal cavi

ties of ACI rats. As shown in Fig. ÃŒA,however, no apparent
cytotoxicity against AMC-60 tumor cells was exhibited by non-

adherent PC including viable Lewis spleen cells remaining in the
peritoneal cavities 7-14 days after i.p. injection of the allogeneic

spleen cells.
It is well known that stimulation of T-cells with alloantigens

results in the production of not only MAP but also IFN-7 (14,15).

Recently, physicochemical and biosynthetic resemblance of MAP
to IFN-7 has been reported (16). Therefore, it seems possible
that IFN-7 produced by Lewis spleen cells during the in vitro

culture may be involved in MAF activity shown in this study.
Although apparent IFN activity was not detected in the 5-day

culture supernatant when tested using cells of a rat fibroblast

line and vesicular stomatitis virus, further analysis of the super
natant is necessary to clarify this possibility, because the assay
system for rat IFN is less sensitive than the usual assay system
for murine and human IFN.

One more problem to be clarified is whether the augmentation
of peritoneal macrophage tumoricidal activity by i.p. injection of
allogeneic spleen cells is due to the stimulation with one kind of
lymphokines, such as MAF or IFN-7, or is the final event as a

consequence of the stimulation with a variety of lymphokines,
including IL-2, MAF, IFN-7, and others produced by the injected
spleen cells. Indeed, it has been reported that IL-2 stimulates
both T- and NK cells to produce IFN-7 (15, 17). To investigate

this possibility, it is helpful to examine in vivo the effects of these
materials on this tumor system. Further studies are now under
way.

Interestingly, recent reports regarding bone marrow transplan
tation therapy for leukemia have indicated that a significant
decrease in the relapse rate of leukemia is obtained by HLA-
matched, allogeneic bone marrow transplantation (18, 19). The
antileukemic effect of allogeneic bone marrow transplantation,
referred to as graft-versus-leukemia effect, has been considered

to be based on the destruction of leukemia cells by alloreactive
CTL derived from donors. However, lymphokines, such as MAF,
produced continuously by donor-derived lymphocytes in re

sponse to the histocompatibility antigens of recipients, may
activate cells of a monocyte-macrophage line, resulting in de

struction or growth inhibition of leukemia cells. Further, recent
reports regarding adoptive immunotherapy using murine tumor
models have shown that lymphocytes necessary for the devel
opment of the antitumor effect in recipients are Lyt-1+ but not
Lyt-2+ cells (20, 21), suggesting a possibility that lymphokines,
produced by the injected Lyt-1+ cells in response to the corre

sponding antigens used for the immunization of the cells, may
play role in the antitumor effects shown in their reports. Lohman-

Matthes et al. (7) have shown an encouraging result that i.p.
injections with purified protein derivative of tuberculin preceded
by i.p. immunization with Mycobacterium bovis Bacillus Cal-
mette-GuÃ©rinresulted in apparent prolongation of the survival

period of mice bearing an ascitic tumor. These results have
stimulated interest in the possible use of stimuli which can
indicate lymphokine production in vivo for cancer therapy.
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