RETARDATION AND REGRESSION OF LYMPHOSARCOMA

prior to subcutaneous injection of lympho-
sarcoma cells, protect some of the mice so
treated against progressive growth of the
tumor. - This protection is manifest either by
failure of the tumor to grow at the site of
implantation or by regression of palpable
tumors. Such protected mice are immune to
subsequent reimplantation of the tumor. Mice
implanted 2-4 days after, or on the day of
tumor implantation are not protected. Embryo
skin, mammary tissue, leg or heart muscle,
from mice whose lymphoid tissue is active
failed to protect. Under the conditions of the
experiments tissue from some strains of mice
were more powerful in eliciting protection than
those of other strains.
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It was shown in a previous publication(1)
that lymph node-thymus mixtures, or spleen
tissue from certain alien strains of mice, im-
planted into ‘C3H mice induced a state of re-
sistance to progressive growth of lymphosar-
coma 6-C3H-ED subsequently implanted. This
resistance was well developed in mice im-
planted 4 to 21 days prior to tumor implanta-
tion, and less so in mice implanted 2 days
before, but was not evident in mice implanted
with lymphoid tissue on the same day or 2 to
4 days following the day on which tumor cells
were introduced. Spleen tissue from ZBC
mice was found to be particularly active in
eliciting the resistant state. It was postu-
lated that advantage could be taken of this
to treat C3H mice bearing lymphosarcoma if
the growth of the tumor could be retarded long
enough for the resistant state to develop. The
present paper is concerned with experiments
in which delay of tumor growth was attempted
by using A-methopterin, and by use of small
numbers of malignant cells to induce tumors.

Materials and methods. Lymphosarcoma
6-C3H-ED obtained from the Jackson Me-

morial Laboratory and carried in JAX-C3H
mice was used in all experiments. This tumor
arose in C3H mice, and in our experience
grows progressively and kills all C3H mice im-
planted with it. Eighteen to 22 g C3H mice
were employed as test subjects. The tumor
was induced by subcutaneous injection of 0.1
ml volumes of saline suspension of minced
tumor cells from 10- to 14-day-old tumors
in C3H mice. Tumor cell dosage was deter-
mined by hemocytometer counts. Spleens re-
moved from ZBC mice were used. (These
mice are a backcross generation to the C3H
strain of Dr. J. J. Bittner, University of Min-
nesota).* Several spleens were pooled and
minced with scissors and suspended in saline.
The mice received one 0.25 ml injection of
spleen cell suspension through an 18-gauge
needle into the left flank. The dose repre-
sented approximately 20 mg of moist spleen
tissue. A-methopterin was administered sub-

* ZBC mice are produced by mating mice of the
A strain and C3H (called Z strain) to produce F 1
hybrids. The F; females are crossed with Z males
and the resulting animals are ZBC’s.
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cutaneously in the abdominal region. The
mice were palpated daily beginning on the
fifth day following tumor cell implantation,
and observations were continued for a 45-day
period. Additional details are given in con-
nection with the various experiments.

Experimental.  A-methopterin  (4-amino-
N-methyl folic acid) is known to retard the
growth of lymphosarcoma 6-C3H-ED in C3H
mice. As a preliminary step an experiment
was set up to determine whether this com-
pound influences the development of the re-
sistance induced in C3H mice by implantation
of ZBC spleen.

Two groups of 15 mice each were im-
planted subcutaneously in the left flank with
ZBC spleen cell suspension. After 5 days
these mice and 15 untreated controls were im-
planted on the right flank with approximately
5,000,000 lymphosarcoma cells. Drug treat-
ment was begun on the day of tumor im-
plantation as follows: Group 1, A-methopterin
2 mg/kg/day for 11 consecutive days; Group
2 received no drug; Group 3 served as un-
treated controls. Mice treated with spleen
and A-methopterin failed to develop tumors,
as did those treated with spleen alone. All
untreated controls died with enormous tumors
on the 21st to 23rd day.

The experiment showed that spleen cell in-
duced resistance to lymphosarcoma developed
in mice being treated with A-methopterin. An
experiment was done in which 3 groups of
C3H mice were implanted with different doses
of lymphosarcoma cells 48 hours before start-
ing treatments. One group (A) was implanted
with 5,000,000, another (B) with 500,000,
and the last (C) with 50,000 tumor cells.
These 3 groups were then subdivided into 4
additional groups: one of which received
A-methopterin, 2 mg/kg/day for 11 consecu-
tive days; another group received one injec-
tion of ZBC spleen cell suspension; the third,
one injection of ZBC spleen cell suspension,
and A-methopterin 2 mg/kg/day for 11 con-
secutive days; the fourth group served as un-
treated controls. The results are shown in
Experiment 1 in Table I. Other experiments
were made in which groups of C3H mice were
implanted with approximately 250,000 tumor
cells; treatments were begun in one, 24 hours,
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and in the other 96 hours following tumor cell
implantation. Results of this work are
shown in Experiments 2 and 3 in Table I.

It is seen in Experiment 1 that among the
mice implanted with 5,000,000 tumor cells 48
hours before treatments were begun, 3 of the
5 mice which survived the combination treat-
ment with ZBC spleen and A-methopterin
were protected as compared with 1 of 8 treated
with A-methopterin alone. All of the ZBC
spleen-treated mice and all controls died of
progressive tumor growth. Of those mice im-
planted with 500,000 tumor cells and given
the combination treatment 5 out of 8 were
protected; of those treated with A-metho-
pterin alone 2 of 8 were protected; one regres-
sion occurred among the 6 implanted with
spleen tissue. Of those implanted with 50,000
tumor cells, all 5 mice receiving the combina-
tion treatment were protected, 2 out of 4 sur-
viving the A-methopterin treatment were pro-
tected, and in 4 of the 5 receiving spleen im-
plantation alone regression of palpable tumors
occurred.

Untreated mice receiving larger numbers of
tumor cells showed earlier appearance of
tumors and died more quickly than those
having received fewer cells. Those implanted
with 5,000,000 tumor cells were palpable on
the Sth day and all died on the 20th to 21st
day; those implanted with 500,000 cells be-
came palpable on the 7th day and died on the
24th day, and those implanted with 50,000
cells were palpable on the 10th day and all
died on the 26th day. This experiment illus-
trates effective treatment of C3H mice with
lymphosarcoma 6-C3H-ED.

In Experiment 2, similar results were ob-
tained with mice in which treatment was de-
layed 24 hours after the implantation of
250,000 tumor cells. All 7 mice surviving the
combination treatment with spleen cells and
A-methopterin failed to develop palpable
tumors; 6 of 8 treated with spleen cells alone
were similarly protected; and 4 of 8 with
treated A-methopterin alone were protected.

When mice were implanted with 250,000
tumor cells and treatment delayed for 4 days
(Experiment 3), 5 of 8 mice treated with
A-methopterin, and 4 of the 7 mice surviving
the combination spleen cell and A-methopterin
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TABLE 1. Effeet of Treatment with Alien Mouse Spleen, A-methopterin, and a Combination of Both on
Growth of Lymphosarcoma 6-C3H-ED in C3H Mice.*
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1(A) 48 hr 5000000  A-methopterint 8 1 (23)) T 1
72 7 ZBC spleen 8 8
?? » A-methopterint 8 3 (19) 2 3 3
+ ZBC spleen
72 7 None 8 8
(B) 48 hr 500000 A-methopterint 8 2 6 2
i 7 ZBC spleen 6 17 3 1
7 i A methopterint 8 4 1 (35) 3 5
+ ZBC spleen
7 i None 8 8
(C) 48 hr 50000 A-methopterint 5 2 (31-35) 2 1 2
’? ” ZBC spleen 5 4 (18-20) 1 4
” 7 A-methopterint 5 5 5
~+ ZBC spleen
7 ” None 5 5
2 24 hr 250000 A-methopterin} 8 3 1 (32) 4 4
7 i ZBC spleen 8 2 4 (16) 2 §
?? ” A-methopterini 8 7 7
-+ ZBC spleen
? ’? Noue 8 8
3 96 hr 250000 A-methoptering 8 3 2 (32-34) 3 5
7 » ZBC spleen 8 8
7 ’? A-methoptering 8 2 2 (33-35) 3 1 4
-+ ZBCU spleen
. i None 8 8
* Tabulation 45 days after tumor implantation. t 2 mg/kg/day for 11 days. 12 mg/kg/day

for 10 days. § 2 mg/kg/day for 7 days.

treatment were protected. The 8 control mice
as well as the 8 receiving spleen cells alone all
died of progressive tumor growth.

Discussion. The data show that C3H mice
in which treatment was begun 24 or 48 hours
subsequent to implantation of lymphosarcoma
cells may be protected from progressive tumor
growth by a combination treatment consist-
ing of a single injection of spleen tissue and
daily injection of A-methopterin. Treatment
with either spleen cell suspension alone, or
A-methopterin alone is less effective. When
treatment is begun 4 days following implanta-
tion of the tumor, 5 of 8 mice treated with
A-methopterin alone, and 4 of 7 mice (which
survived combination treatment with A-meth-
opterin and spleen cell suspension) were pro-
tected from progressive tumor growth. It
would appear that under these conditions,
tumor growth is retarded sufficiently to allow
development of a state of resistance as a re-

|| Day on which regression was ecomplete.

sult of ZBC spleen cell implantation. This is
shown by the greater number of protected
mice among those treated with the combina-
tion than with either treatment alone (Experi-
ments 1 and 2). Development of a resistant
state is clearly indicated by the regression ob-
served in mice implanted with 50,000 tumor
cells and treated with a single implantation of
ZBC spleen tissue in Experiment 1 and in
those implanted with 250,000 tumor cells and
similarly treated in Experiment 2.

The regressions observed in mice treated
with A-methopterin alone, with the exception
of one mouse (Experiment 1 (A)) all took
place within 31 to 35 days following tumor cell
implantation. This is in contrast to the re-
gressions observed in mice treated with ZBC
spleen cells alone (Experiment 1 and 2) which
occurred 17 to 20 days after tumor cell im-
plantation. In Experiment 3 (in which treat-
ment was delayed 4 days) the regressions
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observed took place 32 to 35 days after
tumor cell implantation. The mechanism re-
sponsible for these regressions has not been
determined and is the subject of further study.

Summary. Under certain conditions C3H
mice implanted with lymphosarcoma 6-C3H-
ED were protected either by injection of
ZBC spleen tissue alone or by A-methopterin
treatment alone. A more successful treatment
consisted of a single subcutaneous injection
of ZBC spleen tissue with daily doses of
A-methopterin. Mice which had received
tumor implantations 24, 48 or 96 hours pre-
ceding therapy were treated with this com-
bination. Some were not protected, but in
others tumors either failed to become palpa-
ble, or having become palpable appeared to
have regressed completely.

AppENnpUM. The mice enumerated in the
column, “Number of Mice Protected,” shown
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in Table I, were challenged for immunity by
injection of 5,000,000 lymphosarcoma cells
subcutaneously into the left flank. The mice
in Exp. 1 and 2 were challenged on the 42nd,
and those in Exp. 3 on the 40th day of the
experiment. Immune mice either developed
small tumors which regressed, or no tumors at
all; non-immune mice died within 30 days
with progressive lymphosarcoma. Of the 14
mice which had been treated with A-metho-
pterin alone in the three experiments, 6 were
immune; of 11 which had been treated with
ZBC spleen alone all were immune, while of
the 24 which had received the combination
treatment (A-methopterin and ZBC spleen)
20 were immune.
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The ciliate Tetrahymena geleii is readily
grown in synthetic medium comprising, with
only one exception, known chemicals. The
one unknown factor is the liver fraction con-
centrate, protogen(1l). Protogen has been
identified(2) with the acetate(3) and the
pyruvic oxidation(4) factors. Kidder and
Dewey(5) found, as would thus be expected,
that in T'. geleii, protogen serves at least one
other function than the replacement of ace-
tate.

Reed and co-workers have recently(6,7)
purified a series of factors from liver residues
which show high activity in replacing both
the acetate and pyruvic oxidation factors. One
of these factors has been crystallized(8) and
named, tentatively at least, lipoic acid. It
was thus of interest to ascertain if this com-
pound may replace protogen in the growth of
Tetrahymena gelei.

Methods. Tetrahymena geleii S(9) was
grown in the synthetic medium described

by Elliott(10). Protogen was omitted from
the medium and was replaced by varving
amounts of lipoic acid.* Inoculations were
made in all cases by loop transfer. Cells
for inoculation into the first experimental
culture were washed with 500 volumes of dis-
tilled water before transfer, to assure against
a carry over of material. The data presented
was obtained from cultures which had gone
through three sub-cultures in the experimental
medium. Growth was measured turbidimetri-
cally after 96 hours growth at 25°C and is
expressed as optical density.

Results and discussion. Fig. 1 shows that
lipoic acid in concentrations of 1 unitt/ml
and higher is capable of maintaining growth

* Protogen was generously supplied by Dr. E. L. R.
Stokstad. Concentrates of lipoic acid were kindly sup-
plied by Dr. L. J. Reed.

t One unit is equivalent to the manometric pyru-
vate oxidase response produced by 1 mg of yeast
extract.



