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Cytotoxic Action of Antisera to Cell Components of Normal and Leukemic
Mouse Spleens.* (17536)

ANNA DEAN DuraNEY! AND KRISTEN ARNESEN?
From the Sloan-Kettering Institute for Cancer Research, New York.

Serologic studies, employing cytoplasmic
fractions segregated from the spleens of nor-
mal and leukemic mice(1) demonstrated quan-
titative, but not qualitative, differences. Since
nitrogen values had been made the basis for
dilution of all fractions for immunization pur-
poses, as well as for use in serologic tests, we
postulated that some other antigenic compon-
ent—not measurable entirely by nitrogen eval-
vation—could account for the quantitative
differences, as expressed by the consistently
higher serum titers for the leukemic fractions.
The experiment was repeated with a second
lot of cytoplasmic fractions, prepared in Dr.
Mary L. Petermann’s laboratory, and de-
scribed as follows:

“The mitochondria were separated and
washed in 0.88 M sucrose as in earlier experi-
ments,(2) except that cycles of low and high
speed centrifugation were employed, to insure
the removal of larger as well as smaller
particles. The two fractions of submicro-
scopic particles, Py and P», were isolated from
the mitochondria supernatant by centrifuging
for two hours at 180,000 x gravity. The Py
fraction came from the pellets, while the P,
came from the layer just overlying the pellets.
Each fraction was washed once with 0.44 M
sucrose. A detailed description of these parti-
cles will be published elsewhere.”(3)
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These cell preparations were used by us for
immunization of rabbits, and as antigens in
complement fixation tests. In all details
these procedures followed those of the earlier
study. Likewise, the results reflected those
of the first experiment. Further study demon-
strated that these spleen antisera—both nor-
mal and leukemic—are injurious to leukemic
cells upon in vitro exposure. Moreover, a
marked difference, as measured by survival
rates of mice receiving serum-treated cells,
appears between the cytotoxic effects pro-
duced by the normal and leukemic antisera in
suitable dilutions, differences far greater than
those revealed by complement fixation pro-
cedures.

While cytotoxic properties of antisera to
various tumors have been reported by Lums-
den,(4) Kidd,(5) Andervort,(6) Green,(7,8)
Burmeister,(9) such action of antisera on the
leukemic cell has not been described.

In this laboratory however Stock$ observed
that exposure of leukemic cells to anti-leu-
kemic cell (whole cell) or anti-normal mouse
tissue sera, prior to injection of a small series
of mice, resulted in a high percentage of sur-
vivals. Undiluted sera were used and the
survival rate in the two groups of animals
was very similar,

Materials and methkods. Antisera. The fol-
lowing antisera to spleen components were
tested for cytotoxic action:

1) Mitochondria, normal and leukemic

2) Py, normal and leukemic
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3) P», leukemicll

4) Nuclei, normal and leukemic(10)

5) Whole cell, normal and leukemic

6) Heterologous tissue (liver, lung, kidney)

As previously stated, all preparations were
standardized on the basis of nitrogen content.
All rabbits received 6 doses of antigen ad-
justed to contain the same amount of nitrogen.

The source of the leukemic cells used in
Tests. The strain of lymphatic leukemic
(No.9421) was carried routinely by intraperi-
toneal injection of inbred mice (brother-sister
matings) with leukemic cells. The donor spleen
was minced finely in 19 parts of physiological
saline solution and the cells filtered through
cotton by aspiration into a tuberculin syringe
carrying a 26 gauge needle. The number of
cells per 0.1 ml was determined by counting in
a haemocytometer. Following intraperitoneal
inoculation with 1,000,000 cells, mice consis-
tently died after 10-12 days and upon autop-
sy exhibited typical leukemic spleens with an
average weight of 0.4-0.6 g. The spleens of
these inbred mice were used as sources of
leukemic cells for all the experiments reported
here. Akm mice were however used as test
animals.

Tests lor Cvtotoxic Action of Antisera. The
test dose for all the cytotoxic tests and controls
consisted of 100,000 cells introduced intra-
peritoneally. All antisera had been heated for
30 minutes at 56°C prior to use. Measured
amounts of antisera, in the dilutions indicated,
were combined with leukemic cells. Guinea
pig complement® was added in the proportion
of 0.1 ml of complement to 1.0 ml of anti-
serum and cells,** and the mixture incubated

| The yield of P, particles differed quantita-
tively and it was not possible to obtain sufficient
material from the amount of normal spleen used.
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** Tt was not determined whether complement
was necessary for the action of the serum. This
subject is reviewed by Leymaster and Ward.(11)
It was established however that complement did
not interfere in any way with the phenomenon of
cell injury.
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CyTOTOXIC ACTION ANTISERA, NORMAL AND LEUKEMIC SPLEENS

at 37°C for 2 hours with frequent stirring.

Controls. The following controls were in-
cluded : 1) Cells 4 physiological saline solu-
tion, injected without preliminary incubation.
2) Cells + physiological saline solution -
complement, incubated for 2 hr at 37°C.
3) Cells + normal rabbit serum - comple-
ment.

One series of mice received this mixture im-
mediately while a second series of animals re-
ceived identical doses after incubation at
37°C for 2 hours. All mice were observed
daily and each mouse dying after the 10th day
was autopsied and the size of the spleen re-
corded. At intervals spleens from certain of
the groups were combined and the average
weight recorded.

Results. Cytotoxic Tests. Table I shows the
survival rates among 352 mice serving as con-
trols. One of 96 mice receiving the dose of
100,000 leukemic cells immediately after
standardization survived. Incubation of the
same dose of leukemic cells with complement
and physiological saline, or with normal rabbit
serum and complement, produced a slight in-
crease in the number of survivals. The dif-
ferences in survival rates of mice receiving
100,000 leukemic cells in combination with un-
diluted antisera to normal and leukemic spleen
fractions were not significant; therefore. a
table is omitted. This confirms Stock’s ob-
servation with the undiluted antisera to whole
cells. There was, however, a significantly low-
er survival rate of mice receiving antisera to
heterologous organs. The spleen lymphocyte
thus stimulates the formation of a specific
antibody effective against the leukemic cell.
When the antisera to the normal and leukemic
cell fractions were diluted in serial fashion,
prior to combination with the leukemic cells,
there was demonstrated a highly significant
difference in the cytotoxic action. This sug-
gests that the concentrated antibody of the
undiluted sera may have masked the true ef-
fects, apparent upon dilution. Table II gives
the complete data from titrations. :

It is apparent that the mitochondria anti-
sera exhibited the highest titers but the least
difference between the normal and leukemic.
The P; antisera, while of lower titers, exhibited
the greatest differences in effects. Compari-
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TABLE I.
Showing the Survivals in the Groups of Mice Serving as Controls. All Received Standard Doses
of Leukemic Cells, but No Anti-Sera.

Combination No. of mice  No. of survivals ¢ of survivals
Cells and saline; no ineubation 96 1 1
Cells and saline and complement ; 157 8 5
incubated 2 hr
Cells and normal rabbit serum and 49 2 4
complement; no incubation
Cells and normal rabbit serum and 50 2 4
complement ; incubated 2 hr
TABLE 11.

Showing the Cytotoxie Action of Diluted Antisera on Leukemie Cells.

Antiserum Dilution of serum

No. of mice

No. of survivals % of survivals

<10
:100
:200
:500%
:750

Normal mitochondria

o ot fd

Leukemic mitochondria :10
:100
:200
:500%*
1750

et

Normal P-1 :10
:100
12001
1500

i e

Leukemie P-1 :10
:100
12007

:500°

[

Leukemic P-2 :10

:100
:200
:500

I

Normal nuclei 1:10%

1:50
Leukemic nuclei 1:10%
1:50

10 9 90
10 10 100
10 9 90
30 8 27
20 3 15
10 10 100
10 9 90

9 9 100
30 29 97
20 12 60
30 7 23
25 5 20
26 3 12
25 2 8

9 9 100
10 10 100
25 24 96
24 10 42
10 . 10 100
10 10 100

9 8 89
10 0 0
34 4 12
20 0 0
34 ' 26 76
20 1 5

Serum dilutions used for comparisons are indicated in Table II.

son of the nuclei antisera demonstrated the
markedly enhanced cytotoxic effect of the leu-
kemic.

It may be pointed out here that the “infec-
tious property” of the leukemic cells is con~
tained within the cell. A standardized cell
suspension was divided and one part stored
in the refrigerator, while the other half was
washed 3 times with phosphate buffered-

physiological saline solution, and the cells
suspended in buffered solution equal to the
original volume of physiological saline. One
group of mice received the original suspension;
the other, the same dose of washed cells. There
were no survivors in either group and the time
of death was almost identical. No blood or
tissue constituent therefore seems necessary
for the in vivo establishment of the leukemic
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TABLE III.
Showing Results of Challenge Dose of 100,000 Leukemic Cells Given to Groups of Mice Surviv-

ing Inoculation of Cell-

Serum Mixtures.

Mice surviving after

cells + antiserum No. of miee

No. of survivals % of survivals

Normal mitochondria* 3 0 0
Pl 10 0 0

’?  nuelei 10 0 0
Leukemic mitochondriat 5 0 0
i 10 2 20

” P-2 10 2 20

& nuclei 10 2 20

None

* Ten other mice received 10,000 cells.
f b3 » r bR bRl 2

cell. Furthermore this observation substan-
tiates the use of the term “cytotoxic” in refer-
ence to the action of the antiserum. A further
observation concerns the question of immuni-
ty in mice surviving the antiserum-cell mix-
ture for 45 days. Groups of such mice were
given challenge doses of 100,000 leukemic
cells. The results of these second inoculations
are given in Table III. While the individual
groups are small it is apparent that there is a
significant difference between the survival
rates of the animals “immunized” with leu-
kemic cells exposed to normal antisera, and
leukemic cells incubated with leukemic anti-
sera. None of the mice in the first group of
25 survived, while 6 of the 34 making up the
second group remained well for the 45 day
period.

By use of the point binomial it can be
shown that the probability of 6 survivals out
of 34 animals is less than 1 in 100,000 if the
true death rate is accepted to be 999% (Table
1.). Other mice which had also survived the
first 45 day period were sacrificed and their
spleens examined. Based on macroscopic ap-
pearance and actual weight, the spleens would

survived.
¥

not be classed as leukemic. Pooled sera of
other survivors did not protect mice in experi-
ments employing the standard dose of 100,000
cells.

Summary. Antisera to both normal and
leukemic spleen cell components exhibit cyto-
toxic effects for leukemic cells, upon in vitro
exposure. In every instance the leukemic anti-
sera were much more effective than the cor-
responding normal antisera. These differences
were greater than those obtained by comple-
ment fixation procedures. The anti-mito-
chondria sera exhibited the highest ‘“titers”
but the least difference between the normal
and leukemic. The most significant differ-
ences occurred between the leukemic and nor-
mal P, antisera, with the leukemic antiserum
showing 8 times the activity of the normal.
Highly significant differences were also demon-
strated between the nuclei antisera. The leu-
kemic antiserum proved over 6 times as ef-
fective as the normal. A slight active immuni-
ty was demonstrated in mice surviving the
combination of leukemic cells and leukemic
antisera.
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