TRANSPLANTABLE MOUSE AsSCITES TUMOR

etiocholanolone with inflammation (Fig. 1-D)
but only 2 of 5 responded to lithocholic acid.
Conversely, the rats responded to lithocholic
acid but not to etiocholanolone (Fig. 1-A and
C). The factors responsible for these varia-
tions are unknown. It is possible that the
variable order of hemolytic activity exhibited
by different hemolysins against erythrocytes
of several species(5) may have a similar
basis.

The role of the solvent vehicle in eliciting
inflammation is not clear, but it seemed to
be of more importance when inflammation
was present elsewhere. For example, none of
the injections in rats receiving neutral ste-
roids produced inflammation, while all of
the control sites in rats with lithocholic acid
inflammation showed inflammatory changes
(Fig. 1-C and B). Furthermore, in all spe-
cies, most of the animals with inflammation
at both injection sites had much more in-
tense inflammation at the steroid site. There-
fore it seems possible that in some cases the
changes at the control site may actually have
been secondary in some way to the intense
inflammation at the adjacent steroid injec-
tion site.

Lithocholic acid, like the neutral steroid
pyrogens, failed to elicit fever in animals, and
therefore it does not seem possible at present
to study the mechanism of steroid pyrogen
activity in species other than man. It is
possible, however, to study the inflammatory
and cytotoxic activity of steroids in animals,
and such studies may be of importance in
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understanding certain effects of these sub-
stances, such as their ability to produce
hemolysis(6), cirrhosis of the liver(7), and
other phenomena.

Summary. Three steroid pyrogens known
to produce fever and inflammation in man
were examined for inflammatory activity in
rabbits, guinea pigs, hamsters, rats and dogs.
Etiocholanolone, 11-ketopregnanolone and
lithocholic acid are all capable of eliciting
intense inflammatory reactions in experimen-
tal animals, although considerable variation
in individual and species sensitivity was ob-
served. Lithocholic acid, like the neutral
steroids, failed to produce fever in rabbits,
rats, dogs, cats and monkeys, thus confirming
the highly specific nature of this activity in
humans.

The help and encouragement of Dr. Attallah Kap-
pas is gratefully acknowledged.
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It is generally known that a more or less
intense inflammatory reaction with partici-
pation of infiltrating leucocytic cells fre-
quently accompanies growth of tumors, espe-
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cially transplanted tumors. The role played
by this reaction in evolution of malignant
growth has been considered by many authors
(1-4). The purpose of this investigation was
to study the influence of inflammatory exu-
date produced by intraperitoneal injections
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of glycogen solution on the growth of a trans-
plantable ascites tumor.

Materials and methods. The dL-46 tumor
used in these experiments was obtained ini-
tially by one of us (J.K.) by repeated sub-
cutaneous injections of actinomycin “S” into
an F, hybrid obtained by cross of C57BL/He
male and ta albino female mice(S5).

This tumor was subsequently transformed
to an ascites form(6) and finally adapted
easily to our stock of Swiss mice in which
it was maintained by mouse to mouse pas-
sages since 1962.

Two- to 3-month-old males of inbred Swiss
mice were used throughout these experiments.
They were inoculated with a suspension of
dL-46 cells obtained from 8-10 days tumor
ascites. Cells were washed once, suspended
in a medium containing Eagle’s medium sup-
plemented with 5% of decomplemented calf
serum and inoculated in 0.1 ml volumes not
later than 2 hours after preparation.

To produce an aseptic inflammatory exu-
date, mice were inoculated intraperitoneally
during 3 consecutive days with 4 ml of 0.1%
glycogen in physiological saline solution, as
described previously (7).

Results. Swiss mice inoculated with stand-
ard doses of 5 X 10° dL-46 cells usually
developed malignant ascites which became
apparent from the 12th-15th day, progressing
until the death of the animal in 20 to 40
days. The TDS50 for young adult Swiss mice
was of the order of 10® cells per inoculum.

Mice tolerated the repeated intraperitoneal
glycogen injections quite well. The inocu-
lated mice developed an increased number of
cells in the peritoneal cavity, the total wash
fluid containing, on the average, 10 million
cells instead of the 7 million recovered on
the average from untreated mice. The per-
centage of macrophage type cells was also
somewhat higher in the treated mice: nearly
50% as compared to 30% in the controls.

When production of malignant ascites in
mice pretreated for 3 consecutive days pre-
ceding the inoculation of tumor cells by intra-
peritoneal injections of glycogen was com-
pared with that in normal mice, it appeared
that this treatment was effective in decreas-
ing significantly the proportion of mice de-

TRANSPLANTABLE MOUSE ASCITES TUMOR

TABLE I. Results of Inoculation of dL-46 Tumor
Cells in Normal and Glycogen Pretreated Mice.

Proportion of takes* in
No. of
dL-46 cells Mice pretreated with Untreated
per mouse glycogen for 3 days mice
500 0/10 3/8
1000 3/10 6/10
5000 0/10 9/10

* Observations 5 weeks after inoculation of
tumor cells.

veloping malignant ascites (Table I).

In another experiment mice were challenged
with dL-46 cells at different times after the
3 daily routine intraperitoneal injections of
glycogen. All mice in this experiment were
inoculated simultaneously with the same
tumor cell suspension. The most pronounced
sparing effect of glycogen pretreatment ap-
peared when dL-46 cells were inoculated 2
to 3 days after the last glycogen injection.
This effect decreased progressively but lasted
for a period of at least 10 days (Table II).

To explain the mechanism of the protec-
tive effect of intraperitoneal glycogen injec-
tions and, more specifically, to clarify the
possible role of peritoneal macrophages in the
tumor cell rejection, the following experi-
ment was performed: Mice were treated as
usual by 3 daily injections of glycogen; their
peritoneal cavities were then washed thor-
oughly with Eagle’s medium supplemented
with 5% calf serum and 5 units of heparin
per ml. The collected wash fluid (nearly 10
ml per mouse) was spun down and the re-
covered cells transferred into new mice which
were then challenged with dL-46 cells. This
was done in two ways: 1) mice were pre-
inoculated with 8 million peritoneal cells and
8 hours later challenged with 5000 dL-46
cells; 2) exudate cells were mixed with dL-46
cells in the proportion of 10 exudate cells

TABLE II. Duration of Sparing Effect of Intra-
peritoneal Glycogen Injections.

Proportion of takes* with 5000 AL-46 cells in
treated mice
Un- A )
treated  Days after last injection of glycogen

mice 1 2 3 4 5 7 10 15

9/10 4/10 1/10 3/10 5/10 5/10 5/10 5/10 8/10

* Observations 3 weeks after challenge.
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TABLE III. Effect of Addition or Removal of
Peritoneal Macrophages on the Growth of dL-46
Ascites.

Proportion of takes in mice

challenged with:
5000 dL-46 50,000 dL-46
Treatment of mice cells cells
Untreated 9/10 10/10
Glycogen treated 5/10
” ” and 5/10
peritoneal cavity
washed
New mice receiving 8 8/10
million peritoneal
cells 8 hr before
challenge
Inoculated with a mix- 10/10

ture of exudate and
dL-46 cells, 10:1

to one tumor cell and the ‘mixtures inoculated
into new mice. Glycogen treated mice, whose
peritoneal cavities were washed out, were
used as additional controls.

Exudate cells, approximately half of them
macrophages, transferred to new mice in the
proportion of 10 to 1600 exudate cells for
every tumor cell, failed to confer resistance
against the challenge with dL-46 tumor cells.
Glycogen treated mice, deprived of the bulk
of the accumulated macrophages by washing
of the peritoneal cavity, did not lose their
relative resistance to challenge with malig-
nant cells (Table III).

In view of these results, the question arose
as to whether intraperitoneal injections of
glycogen had only a local effect limited to
the peritoneal cavity or had an influence on
the systemic resistance of the animal against
the tumor graft by means of a more general
stimulation . of the reticuloendothelial system
(RES). To answer this question, subcutane-
ous inoculations of dL-46 cells were per-
formed in control mice and in mice pre-
treated intraperitoneally with glycogen in
the usual way. It can be seen (Table IV)
that the intraperitoneal injections of glyco-
gen had no effect on the number of tumors
developing after subcutaneous inoculation of
the indicated numbers of tumor cells.

The next step in our experimentation was
to explore whether the presence of a peri-
toneal stimulation, obtained by glycogen in-
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jections, produced its anti-tumor effect in
mice through a mechanism of reinforcement
of the specific immunological anti-tumor or
anti-homograft reaction. The following ex-
periment was performed: Two groups of mice
were immunized by intraperitoneal inocula-
tion of 3 X 107 irradiated (5000R) dL-46
cells per animal. The “A” group contained
40 untreated Swiss mice. In the “B” group,
the same number of mice were treated dur-
ing the 3 days preceding the immunization
by intraperitoneal injections of glycogen in
the usual way. Eighteen days after the im-
munizing injection of the irradiated cells both
groups of mice and a third group, “C,” of
20 controls unimmunized mice were chal-
lenged by intraperitoneal inoculations of
graded doses of dL-46 cells.

It can be seen (Table V) that one intra-
peritoneal injection of 3 X 10° irradiated
dL-46 cells had an unequivocal immunizing
effect against further challenge with relatively
high doses of viable tumor cells. However,
mice having a glycogen induced exudate at
time of immunization had definitely no ad-
vantage over the untreated controls and did
not elaborate a more intense immunity against
the dL-46 cells.

Discussion. 1t is clear from these experi-
ments that 3 daily intraperitoneal injections
of glycogen solution increase significantly the
resistance of mice to intraperitoneal inocula-
tion of dL-46 ascites tumor cells. This rela-
tive resistance is evident for a period of 10
days after the last injection of glycogen but
not at 15 days.

An increase of non-specific resistance to
tumor grafts, especially homografts, following
stimulation of the RES by BCG vaccination

TABLE 1V. Results of Subeutaneous Inoculation
of dL-46 Cells in Mice Pretreated Intraperitoneally
with Glycogen.

Proportion of subcutaneous
tumors in mice inoculated
with dL-46 cells with:

3 X 10*ecells 3 X 10°cells
per inoculum per inoculum

9/9
10/11

Group of mice

5/10
8/10

Untreated

Pretreated with 3 intra-
peritoneal injections
of glycogen
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TABLE V. Results of Immunization with Irradiated dL-46 Cells in Normal and Intra-
peritoneal Glycogen Pretreated Mice.

Proportion of takes in mice challenged
with different doses of dL-46 cells:

2 X 10* 108 5% 105 2.5 X 10¢
A. Untreated mice immunized with 0/12 3/10 7/8 10/10
irradiated dL-46 cells
B. Intraperitoneal glycogen pretreated mice, 3/9 4/10 10/10 10/10
immunized with irradiated dL-46 cells
C. Normal, non-immunized control mice 10/10 10/10

or other means was reported by many authors
(8,9).

Although the pedigree of the Japanese
hybrid mouse in which the dL-46 cells ori-
ginated initially is not very well determined,
these cells must be considered as homografts
when transferred in Swiss mice, although
the host anti-homograft reaction was rather
weak in this particular case since as few
as 500 cells were sufficient to initiate a fatal
ascites.

Since the results of the present study
showed that the glycogen injections did not
intensify the immune response to irradiated
cells, an alternative explanation of the rejec-
tion of dL-46 cells by some of the glycogen
treated mice may perhaps be based on the
stimulation of less well defined, non-specific
defense mechanisms linked to the activity of
the RES. These mechanisms apparently do
not consist simply in the destruction of tumor
cells by peritoneal macrophages, since it could
be shown that a mixture of peritoneal exu-
date cells with dL-46 cells (nearly 10:1 or
1600:1) did not influence the multiplication
of these cells and the production of ascites.
Moreover, removal of the bulk of macro-
phages by washing of the peritoneal cavity
did not eliminate the induced resistance. Con-
sequently, this temporary refractory state in
some of the glycogen treated mice seems to
be related to an as yet undefined “reactivity”
of the peritoneal cavity rather than to the
actual presence of an increased number of
peritoneal macrophages. This conclusion is
also supported by the fact that the total num-
ber of cells and the number of macrophages
in the peritoneal cavity are only moderately
increased by the glycogen injections.

Another significant point in this connec-

tion is the local character of the protection
induced by the intraperitoneal glycogen treat-
ment, illustrated by the undisturbed growth
of subcutaneously inoculated dL-46 cells in
the glycogen treated animals.

Summary. Three daily peritoneal injec-
tions of 1:1000 glycogen solution induced in
mice, during at least 10 days, a state of
relative resistance to intraperitoneal but not
subcutaneous inoculation of homotransplant-
able dL-46 ascites tumor cells. Removal of
excess macrophages by peritoneal washing or
their transfer to untreated mice did not in-
fluence the development of dL-46 ascites.
Furthermore, elaboration of specific immune
reaction by intraperitoneal inoculation of ir-
radiated cells was not enhanced in glycogen
treated mice.

The authors wish to acknowledge the highly com-
petent technical assistance of Miss Agnes Rousse-
Lacordaire.

1. Chambers, R., Grand, C. G., Am. J. Cancer,
1957, v29, 111.

2. Vasiliev, J. M., Brit. J. Cancer,
524,

3. Ringertz, N., Klein, E., Revesz, L., Cancer,
1959, v12, 697.

4. Old, L. J., Clarke, D. A., Benaceraff, B., Gold-
smith, M., Ann. N. Y. Acad. Sci., 1960, v88, 264.

5. Kawamata, J., Nakabayashi, N., Kawai, A,
Ushida, T., Med. J. Osaka Univ., 1958, v8, 753.

6. Kawamata, J., Nakabayashi, N., Kawai, A,
Fujita, H., Imanishi, M., Ikegami, R., Biken’s J,
1959, v2, 105.

7. Barski, G., Messore, G., Lépine, P., Ann. Inst.
Past., 1955, v89, 415.

8. Halpern, B. N., Biozzi, G., Stiffel, C., Mouton,
D., C. R. Soc. Biol,, 1959, v153, 919.

9. O0id, L. J,, Clarke, D. A., Benaceraff, B, Na-
ture, 1959, v184, 291.

Received January 25, 1965. P.S.E.B.M., 1965, v119.

1958, v12,




