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STUDIES ON ANTI-TUMOR IMMUNITY
II. STUDIES ON INHIBITORY EFFECT OF
AETEROLOGOUS SPLEEN
CELLS ON THE GROWTH OF EHRLCH
ASCITES TUMOR

Momoe: Soeda
(I1. Research Institute, Technical R. & D. Headquater, J.D.A.)

fEE S i B9 B BT YE
II. thys @Il Ehrlich ascites tumor
DOFREICHT B IEZR
B 1 1 e AR I 4 2 R SRR
® H OB &

(FFF41sE 8 A T HEA4)

19634F Stuart 213 Landschutz ascites tumor #fl uart | 305 O EBRBE b FE RO ML cellular
Jaz A CHRREHREL, TOMMES X10° &< antibody % EERFF 3 5 f5 5 v IS Ml B
v AEPNIC T 5 & Lic X b Landschutz as- FL, Thifii#eLonrbol#ERLTS.

cites f{if@10® DA T To< 7 AD60% H 5L RLTIANRIELWHENCOWTABREFRICHR T
CRFEMbRRD - e RE L. BlloERy LEPHUIALUT, =, EEROCAHRICHKT, =
Ehrlieh ascites tumor {2 o\ T HElE L56.7% D~ ik 5 FETHD.

v AR U X 5 Rz S D e i, St-

Synopsis
Studies on inhibitory activity of lymphoid cells of sensitized or immunized animals against animal
tumor cells have been conducted by many workers from 1950 onwards. Similar experimental studies were
performed in our laboratory since 1959. Here I will report on the experimental results concerning the
beneficial cytotoxic effect of spleen cells of immunized rabbits on the growth of Ehrlich ascites tumor
and some aspects of the fundamental mechanism by which highly susceptible mice of DDS strain become

endowed with a high resistance against Ehrlich ascites tumor were discusesd.

Introduction
In 1963, Stuart reported on the experiment, in which approximately 60%, of mice inoculated with

living spleen cells of rabbits immunized against Landschutz ascites tumor proved insusceptible to i.p. im-
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plantation of 108 intact tumor cells and survived for 90 days without any clinical manifestations. Most of
the mice survived for 90 days were histologically examined, which revealed no tumor'®. He has sug-
gested that this beneficial effect of treatment with spleen cells may be due to anti-tumor antibody carried
only by intact immunized cells on their surface or interior, which enables thern to adhere to tumor cells
which causes eventual cell damage after in vivo fixation of complement.

Similar studies on inhibitory effect of lymph nodes and spleen cells from immunized or sensitized
animals on malignant tumor cells have been performed from around 1950 onwards. In 1952, Ellis and
Kidd?® reported on inhibition of Brown Pearce carcinoma cells by suspension of lymph nodes and spleen
cells from immune hosts, and in 1956, Horn#% studied on cytotoxity of various anti-sera prepared againt
Ehrlich ascites tumor cell components,  Also in 1959, Castillanos, Ketchel and Sturgis? reported on inthibi-
tion of tumor growth in mice by sensitized lymph nodes cells, and more recently Stuart!® studied on the
effect of heterologous lymphoid cells on tumor growth in 1962.

Although many studies and experiments were conducted, the actual mechenism by which spleen
cells of immunized hosts exert their cytotoxic or anti-tumor effect on malignant tumor cells in animals is
not precisely known at the present tirne and still in need of further study. Particularly, the nature of the
antigen responsibe for production of cytotoxic antibody, which has been presumed to be carried by
intact immunized lymphoid cells, has not yet been fully pursued. Stuart’s work is of much interest in con-
nection with an important step in the course of eludication of such mechanism, and therefore I have done
a sirnilar study on inhibitory activity of immunized spleen cells of rabbits against Ehrlich ascites tumr in

mice of DDS strain according to his method used in the study on the Landschutz ascites tumor of mice.

Materials and Methods

Animals: Male mice of DDS strain weighing about 20 g. and male rabbits weighing about 3.0 Kg
were used for this study.

Tumor cells:  Ehrlich ascites tumor cells were adopted as target cells. In some experiments Yoshida
sarcoma cells were used in an attempt to compare the inhibitory effect of homologous spleen cells with that
of heterologous spleen cells. Tumor cells have been maintained by serial implantations from one group
of mice or rats to another at appropriate intervals for more than 5 years.

Immunization of rabbits and Preparation of immunized spleen cell suspensions: About 10 ml of
ascites fluid was collected from mice with EAC and centrigufed at 3,000 r.p.m. for 30 minutes. Super-
natant was discarded and saline solution was added to the sediment to obtain a 10%, cell suspension.
1.0 ml of this suepshsion was i.v. injected into rabbits and 2 days later 0.5 ml was again given i.v. The
3rd injection of 0.5 ml was done further 2 days thereafter and 7 days later rabbits were killed and the spleens
were removed. All suspensions were prepared by grinding the spleens in a homogenizer with saline
solution containing Streptomycin (1.0 mg/ml), Penicillin (1,000 units/ml) and a minute amount of hepa-
rine or reptilase (Solco Basel). These were placed in tubes and centrifuged at 3,000 r.p.m. for 15 minutes.
Supernatant was discarded except for No. 84 specimen, which was tested on its effect on tumor cells in
comparison with that of spleen cells. The same saline solution was added to the sedimented cells and the
cell count was done to get a standard dose of 5 x 108 spleen cells for a single injection into mice. In some
experiments, suspensions of non-immunized spleen. cells from rabbits or immunized spleen cells from rats

were also prepared according to the same method. Groups of mice (or rats) were injected i.p. with 10
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or 108 intact tumor cells and 24 to 48 hours later they received a single i.p. injection of a standard dose

of spleen cells.
Sera of immunized rabbits: Sera of immunized rabbits were collected from animals immediately
before they were sacrificed and pooled and stored at -—20°C. Groups of mice were challenged with 105

or 108 intact EAC cells and 24 to 48 hours later they received i.p. injections of graded doses of this pooled

sera.

Experimental Results

Exp. 1. Test on cytotoxic activity of Reptilase against growh of EAC.

To prepare spleen cell suspensions we have used saline solution containing a minute amount of Repti-
lase (Solco Basel). This is known as an anti-coagulant agent, the use of which was the first experience for
us. In order to know whether this agent being cytotoxic for tumor cells or not, graded doses were added to
EAC cells and these mixtures were kept at 37°C for an hour, and then the cells thus treated were i.p.
inoculated into mice.

As shown in Table 1, we could not recognize any appreciable cytotoxic effects on tumor growth, even

if a dose of as large as 4,000 mcg was applied to 105 EAC cells (Table 1).

Table 1 Cytotoxic effect of graded doses of Reptilase

: | Reptilase | Ascites tumor Survival for
ke ERE cell dase | in mcg | death on ‘ 80 days.
1 10° | 4,000 32nd 0
_ 2 10® | 4,000 . 25th .
; 3 10° g 2,000 21st .0
. 4 10° ,- 2,000 24th
5 10° 1,000 21st :
6 10° 1,000 29th 0
7 10° 1,000 21st
8 10° 1,000 29th
9 10¢ 500 21st
10 10* 500 23rd : 0
11 10° 500 20th
12 10° 500 18th
13 10° 250 3lst 0
14 10° 250 16th
, 15 10° 125 33rd 0
) 16 10° 125 21st

Exp. 2. Test on inhibitory effect of spleen cells of immunized rabbits on tumor growth of EAC.
Spleen cells were collected from total 6 immunized rabbits and cell suspensions were prepared as described
previously. Total 30 mice of the test group and total 27 mice of the control group were inoculated i.p.
‘with 108 intact EAC cells and 24 hours later mice of the test group received a single i.p. injection of 53 108
spleen cells, while mice of the control group received nothing else. The onset of ascites was judged by cli-
mical appearance or by a weight increase of 5 g. in 2 days. Control mice all died during the course of 15
to 40 days. At autopsy the peritoneal cavity was filled with turbid ascites fluid which sometimes contain-
ed masses of small tumors. Invasion of viscera was rarely seen at the later stage of mice survived for a
longer time. When given the tumor cells at the level of 108 dose and treated 24 hours later with 5x 103
immunized spleen cells, 17 out of 30 mice survived for more than 80 days and detailed postmortem ex-

amination failed to revael tumor (Table 2). Other 2 mice survived up to the 78th and 80th day respec
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"Table 2 Cytotoxic effect of immunized spleen cells on Ehrlich ascites tumor

" Rabbit | Dose of Chal. dose No. of test | Mice died | Mice suffered but Mice not

 No. spleen cells | of EAC cells rnice from EAC | survived for 80 days‘ suffered
No. 84 5x10° 10° 25| 0 0 2
No. 97 5x10° 10° 4 | 1 0 2
No. 76 5x10° | 10° 8 3 1 4
No. 41 5x10° 10° 5 2 1 3
No. 42 5x10° 10° 3 2 0 1
No. 33 5%10° 10° 8 3 0 5

Total 30 11 2 | 17 (56.7)
Control groups '

No. 84 A 10° 4 1 0 0
No. 97 s 10° 5 5 0 0
No. 76 Z 10° 5 5 0 0
No. 41 / 10° 4 4| 0 0
No. 42 / 10° 4 | 4 | 0 0
No.33 | / 1 10° 5 | 5 | 0 0

| Total | F 27 21 | 0 o

* Other 2 mcei were treated with supernatant of spleen cell suspension, without effect.
**% 3 out of 5 mice were rechallenged on the 42nd day, but well tolerated.

tively, when they were killed and histologically examined. They had solid tumors instead of ascites:
tumor in the peritoneal cavities. These mice of completely survived group were rechallenged i.p. with
108 EAC cells on the 42nd day, but they all well tolerated this second implantation of the tumor cells and
survived up to the 84th day, when sacrificed and histologically examined. No characteristic findings
were revealed bythis examination. Thus the complete survival rate was 56.79%,, which was almost the
same as that of Stuart’s experiment with Landschutz ascites tumor. We did not observe tumor versus
host disease in the test mice, presumably because, as Stuart has suggested, these spleen cells survive for only
a short time in the recipient.

Exp. 3. Test on inhibitory effect of spleen cells of non-immunized rabbits on growth of EAC.

Spleen cell suspensions were prepared from non-imrunized rabbits. Total 10 mice were i.p. inoculat--
ed with 108 intact tumor cells and 24 hours later they received a single i.p. injection with 5% 108 non--
immunized spleen cells. No specially beneficial inhibitory effect on tumor growth was observed and all.
mice developed ascites tumor just like control mice and succumbed within 20 to 40 days. It is clear that
spleen cells must be immunized against EAC cells if they are to exert inhibitory action against target tumor
cells.

Since spleen cells of non-immunized rabbits could contribute little, if any, to inhibition of tumor cell
growth in the recipient, it seems likely that such rabbits would be, at least, immunologically susceptible:
to that tumor if no other sepial mechanisms are available.

Exp. 4. Test on inhibitory activity of sera of immunized rabbits against EAC.

Pooled sera stored at —20°C were tested on inhibitory activity against tumor growth in the recipient..

Groups of mice were i.p. inoculated with 108 intact tumor cells and 24 hours later they received sera.
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in graded doses of 0.5 ml, 0.3 ml, 0.1 ml and 0.05 ml intraperitoneally. This treatment proved of no appre-
ciable effect on tumor growth and each 3 mice of total 4 groups developed ascites tumor and died between
the 15th and 28th day.

From these data, it seems likely that circulating antibody of immunized rabbits can contribute little,
if any, to inhibition of tumor growth in mice.

Exp. 5. Test on inhibitoy effect of homologous spleen cells of immunized rats on growth of Yoshida
sarcoma.

Rats were i.p. inoculated with 108 Yoshida sarcoma cells and then treated with i.p. injections of Marin-
amycin® and Soedomycin (reported in previous report) starting 24 hours after inoculation of tumor cells.
Some rats were rescued from developng ascites tumor. Most of such rats proved capable of resisting aga-
inst reinplantation of 108 and 107 intact tumor cells at intervals of 2 and 3 weeks and survived for more
than 80 days without any clinical manifestations. From such rats spleen cell suspensions were prepared
according to the same method as used for preparation of rabbit spleen cell suspensions,

Normal rats were given i.p. 5 x 108 spleen cells of immunized rats and 5 days later they received a dose
of 108 Yoshida sarcoma cells intraperitoneally. Six out of 7 rats well tolerated this cell implantation and
survived up to the 52nd day, when they were sarcrificed and hitologically examined, whih failed to reveal

any findings characteristic of tumor (Table 3).

Table 3 Cpytotoxic effect of homologous spleen cells of rats made immune against Yoshida sarcoma

) i Challenge Postmorte-
TR | | B [ [ [ [
1 | No.19— 2 5x10° 10° (Nil) 10° (Nil) 107 (Nil) Nil
2 No. 43— 1 5x10° 10% (Nil) 10% (Nil) 107 (Nil) Nil
3 No. 43— 1 5x10° 10° (Nil) 10, (Nil) 107 (Nil) Nil
4 No. 33— 1 5x10° 10° (Nil) 10% (NiD) 107 (Nil) Nil
5 No. 33— 1 | 5x10° 10° (Nil) 10% (Nil) 107 (Nil) Nil
6 No. 33— 1 | 5x108 10° dead S
7 No.33—1 | 5x10° 10° (Nil) 10° (Nil) 107 (Nil) Nil
Total dead: survived (1 : 6)
; Control group |
8 | / [10° dead (10th)
9 | S 10° dead (14th)
10 S 10° dead (12th)
11 rd P 10% dead (10th)
12 Ve Vs 10° dead ( 9th)
13 i P 10° dead (12th)
14 I Ve v i’ 107 dead (Ttd:)
15 [ v P P 107 dead (11th)
10 i b v Fd 107 dead ( 8th)
Total dead : survived (9 : 0)
Discussion

Stuart reported on experimental studies on beneficial inhibitory effect of spleen cells from immunized
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rabbits on growth of Landschutz ascites tumor of mice, at the 3rd International Congress of Chemoth-
erapy held at Sttutgart in 1963. Similar results were obtained from our experimental studies on cyto-
toxic activity of spleen cells of immunized rabbits against ascites cells of Ehrlich ascites tumor. About
60% of the mice treated with a single i.p. injection of 5 108 immunized spleen cells proved to be almost
completely insusceptible to a challenge dose of 106 intact tumor cells. This result was almost the same as
that of Stuart’s work with Landschutz ascites tumor of mice. Since spleen cells obtained from non-
immunized rabbits could contribute little, if any, to inhibition of tumor growth in the recipient, it seems
likely that spleen cells must be immunized if they are to exert such cytotoxic action, and that natural anti-
tumor resistance seen in insusceptible animal species cannot be explained as a resut of anti-tumor antibody
naturally inherent in spleen cells of such animals. Spleen cells of non-immunized rabbits lack antibody
against foreign tumor cells, so that such animals would be, at least immunollgically, susceptible to tumors
of foreign animal species, provided no other special mechanisms are available.

Spleen cells of naturally insusceptible animal species may inherit a higher immunological corapetence
to respond to stimulation of foreign tumor antigenthan that inherent in the cells of susceptible animal
species. Thus spleen cells of the former species may respond to foreign tumor antigen with rapidity and
ease, and as a result sufficient lymphoid cells immunized against tumor cells may be produced to suppress
tumor growth and eventually destroy all of the tumor cells. At this stage, however, anti-tumor resistance
of such animals can be explained as an acquired type of immunity against tumor cells.

Since the sera of immunized rabbits proved incapable of exerting inhibitory effect on tumor growth,
circulating antibody seemed to be able to contribute little to inhibition of tumor growth.

Homologous spleen cells of immunized rats were capable of exerting a similar beneficial cytotoxic
effect on Yoshida sarcoma cells. In spite of the fact that spleen cells were injected into rats 5 days before
challenge with intact tumor cells, a complete survival ate of rats seemed higher than that achieved in the
test with Ehrlich ascitse tumor of mice. Wigzell (1961)1 did not observe any striking therapeutic effect
on mammary tumor of mice with homologous spleen cells, This striking difference between both results
cannot be properly explained at the present time. As will be reported in the next paper, homologous spleen
cells of mice made immune against EAC or Sarcoma 180 proved capable of exerting a similar beneficial
inhibitory effect on growth of respective tumors. The most possible explanation at moment may be
that this difference may be due either to the different properties inherent in respective tumors or to vari-
able immunilogical competence of spleen cells of different strains of animals.

As Stuart has suggested, the beneficial cytotoxic effect of immunized spleen cells may be due to anti-
tumor antibody carried by them on their surface, which enables them to adhere to tumor cells which causes
cell damage after in vivo fixation of complement. To search for antigenic substance responsible for
production of such cellular antibody, experimental studies have been performed with various cell compo-
nents by several workes, but almost no success was achieved in this field. In the previous paper, I had
discussed some aspects of such antigenic substance based on our experimental evidences obtained since

1959, however, many other problems are still in need of further study.

Summary and Conclusion
1) Mice were inoculated with 106 intact Ehrlich ascites tumor cells and 24 hours later they were terat-

ed with a single i.p. injection of 5 X 108 spleen cells of imraunized rabbits. 17 out of total 30 mice thus treat-
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ed survived without clinical signs of EAC for more than 80 days. Their postmortem histological exami-
nation failed to reveal characteristic findings of the disease. Two other mice also survived up to 78th
and 80th day, when they were sacrificed and histologically examined, which revealed tumors in the
peritoneal cavities. The complete survival rate was 57.6%,, which was almost the same as that of Stuart’s
study on the Landschutz ascites tumor (609%,).

2) Similar test was done with spleen cells of non-immunized rabbits. We did not observe any bene-
ficial therapeutic effect on tumor growth with nonimmunized spleen cells.

3) Sera of immunized rabbits were tested by similar method, which proved to contribute little to in-
hibition of tumor growth.

4) Homologous spleen cells of rats made immune against Yoshida sarcoma were tested by the same
method. Rats were i.p. inoculated with 5x 108 immunized spleen cells and 5 days later they received a
single injection of 109 intact sarcoma cells. Six out of 7 rats thus treated survived without any signs of
ascites tumor up to the 52nd day, when they were killed and histologically exarnined, but this failed to
reveal tumor. The complete survival rate of treated rats was more than 809, which was considerably
higher than that achieved in experiments with heterologous spleen cells immunized against EAC of mice.

From these experimental evidences, it seems reasonable to consider that both heterologous and
homologous spleen cells must be immunized against target tumor cells if they are to exert beneficial inh-
ibitory action against target tumors, and that this beneficial action may be due to cellular antibody carried
by immunized spleen cells on their surface, which enables them to adhere to tumor cells as the first step for
tumor cell damage.

There seems to exist no essential differences in the fundamental mechanism by which heterologous
or homologous psleen cells of immunized animals exdrt their beneficial inhibitory action againstt umon
growth in the recipient, which will be further discussed in the next report on experimental studies on
homologous spleen cells.

As I have pointed out in the previous paper, the antigenic substance mainly responsible for for-
mation of cellular antibody should be regarded as some agent (Carcinogenic agent, Soeda) present both
intra- and extra-cellular fluid of ascites tumor cells and immunological response of lymphoid cells may be

rather directed toward this agent, than toward cellular constituents of tumor cells.
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