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human serum were also produced by sera from
many, but by no means all, of the species examined
(Table 11). The quantity of serum employed in
these experiments was 1 ml. for 1 X 10% cells in the
viability tests in mice, and 0.75 ml. for 2 X 10¢
cells in the metabolic experiments. The number of
individual specimens examined in each of these
species varied from many (e.g., man, chimpanzee,
monkey, rabbit) to few (e.g., chicken, goat, sheep).
In addition to individual blood specimens, pooled
sera from most of the species were also exam-
ined.

for the presence of antibody to mouse erythro-
cytes. As expected, all species but mouse contained
agglutinins for mouse erythrocytes. All seventeen
sera were therefore absorbed with mouse erythro-
cytes, and, although the sera no longer agglutinat-
ed mouse red cells, their cytocidal activity re-
mained unchanged, e.g., serums which were previ-
ously cytocidal suffered no reduction in their ac-
tivity while negative sera remained inactive.
Absorption of human serum with various animal
tumors.—Specimens of pooled normal human
serum were absorbed with an array of thirteen

TABLE 11

SERUM CYTOCIDAL ACTIVITY ON SARCOMA 87 ASCITES CELLS:
SPECIES DISTRIBUTION

No. BERA TESTED EFFECT ON TUMOR CELLS *

SPECIES Glycolytic
- Tumor takes PR

Individual Poolst (per cent) activity

(per cent)}
Human 14 4 (250, 14, 12, 15) 0 8
Chimpanzee 6 1 (6) 0 11
Monkey 6 2 (10, 100) 0 1
Cow 7 1(8) 0 10
Pig 4 1(8) 0 14
Dog 6 1 (5; 0 2
Cat 6 1(6 0 11
Rabbit 7 2 (12, 6) 0 0
Chicken 2 (5, 6) 0 5
Goose 2(5,8) 0 5
Horse 5 100 128
Sheep 2 100 89
Goat 2 100 121
Guinea pig S (24, 24, YU) 100 93
Hamster 2 (86, 36) 100 166
Rat 3 (12, 24, 24) 100 174
Mouse 2 (250, 250) 100 97
Krebs-Ringer (control) 100 100

* Interaction for tests in mice: 1 ml. of serum per 1 X 10¢ cells, individual mice re-
ceived 1 X 105 cells. Interaction for glycolysis tests: 0.75 ml. of serum per 2 X 108 cells.

t The number of individual serum specimens in each pool is shown in parentheses.

1 Expressed as per cent of the value for the controls (QF3 = 85-39 xl CO:/mg dry
wt/hr) for five experiments which were combined in this table.

It is noteworthy that all individuals of the same
species yielded the same results for the presence or
absence of activity. A total of six major experi-
ments in mice and four metabolic experiments
yielded consistent results with regard to activity
or the lack of it, even though the experimental
values varied somewhat from one test to another.
The results given in Table 11 are representative
of the findings taken as a whole. The metabolic
and proliferation experiments were usually, but
not necessarily, carried out on the same specimens
of cells and serum. A specimen of pooled serum
from each of the seventeen species was examined

Research.

murine tumors. Cell suspensions from the two
solid tumors were prepared with use of the Snell
cytosieve. Aliquots of human serum were absorbed
for 4 hours at 4°C., with the tumors listed in
Table 12; 1 volume of washed, packed cells was
used with 10 volumes of serum. This treatment
did not affect significantly complement in serum
as determined in the standard hemolytic assay
with amboceptor-sensitized sheep erythrocytes.
The absorbed sera were then tested for cytocidal
activity against S-37; proliferation in mice, and
glycolysis in witro, were the indicator systems.
Table 12 summarizes the findings which are repre-
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sentative of those obtained in four animal experi-
ments and two metabolic experiments, viz., the
antibody absorbed from human serum by S-87
cells was also removed by other tumors of the
mouse and rat.

Absorption of human serum with normal mouse
tissues.—All the mouse and rat tumors examined
were capable of absorbing the antibody involved
in the cytocidal action of human serum on S-87.
The lack of specificity for any single tumor sug-
gested that the antigen involved might be refer-
able to animal species serving as host for the tu-
mor. Although we had found that absorption with
mouse erythrocytes was without effect on the anti-
body involved in the cytocidal activity of human
serum, the possibility that this antibody was di-

TABLE 12

ABSORPTION BY TUMORS OF A CYTOCIDAL ANTIBODY
FROM HUMAN SERUM

EFFECT OF ABBORBED
SERUM ON S-87 cELLS
ToMOR CELLS* EMPLOYED FOR
ABSORPTION .
Tumor takes Gz:i:v'?;';c
(per cent) (per cent)t

Leukemia 1210 30 87
Lymphocytic neoplasm P 288 70 28
Ehrlich carcinoma 90 118
Krebs carcinoma 100 116
Yoshida sarcoma 40 42
Sarcoma 87 90 134
Sarcoma 180 90 84
Hepatoma 120 P 70 75

“ 120 F 90 73

“ 134 80 82

“ 7974 40 51
Melanoma S 91 (solid) 70 52
Sarcoma 87 (solid) 90
Human serum unabsorbed 0 S
Krebs-Ringer (control) 90 100

* All tumors were of mouse origin except for the Yoshida
rat sarcoma and the rat hepatoma 7974.

1 Expressed as per cent of the value for the controls (Qg;)’ =
81 ul COs/mg dry wt/hr).

rected toward other normal mouse tissues was next
investigated. With the use of the Snell cytosieve,
cell suspensions were prepared from freshly ex-
cised organs of normal CAF, or NIH mice. Ali-
quots of normal human serum were absorbed for
4 hours at 4° C. with suspensions of the washed,
packed cells in relative volumes of 10:1. It is clear
(Table 18) that several of the organs of normal
mice contain cells capable of removing completely
the natural antibody reactive with mouse tumor
cells.

Effect of human serum on Ehrlich and Krebs

carcinomas.—In all the foregoing work, cytocidal
changes had been investigated by the effects on
S-37 cells. Absorption by various tumor cells of the
antibody participating in this reaction indicated
that serum cytocidal action might not be restricted
to S-87. Table 14 shows that Krebs and Ehrlich
carcinoma cells were affected by the antibody-
complement system of normal human serum, just
as were the cells of Sarcoma 87. Furthermore,
cross-absorption experiments with these three lines
of tumor cells revealed that each was capable of
eliminating serum cytocidal activity for the others.

TABLE 18

ABSORPTION BY MOUSE TISSUES OF A CYTOCIDAL
ANTIBODY FROM HUMAN SERUM

EFFECT OF ABSORBED BERUM
oN S-87
T188CE CELLS EMPLOYED FOR
ABSORPTION .
Tumor takes Glyc?l.ytlc
(per cent) activity
(per cent)*
Muscle 0 11
Heart 0 1
Lung 0 15
Kidney 10 16
Liver 10 15
Spleen 90 141
Thymus 100 38
Lymph nodes 100 126
Bone marrow 147
Human serum unabsorbed 0 S
Krebs-Ringer (control) 100 100

* Expressed as the per cent of the value for the controls
(Q¥: = 31-89 ul CO:/mg dry wt/hr) for two experiments

wh?al were combined in this table.

Augmentation of tumor growth by inactivated
serum—In a few experiments, the control inocu-
lum of tumor cells in Krebs-Ringer solution failed
to produce the usual number of tumor takes by the
time the experiment was terminated. This was ac-
companied by a significant delay in the appearance
of solid tumors and/or ascites in the other animals.
In such experiments it was observed that the
inoculum yielded a strikingly augmented produc-
tion of tumors after it had been interacted with
human serum previously heated at 52° C. or ab-
sorbed with tumor cells. This stimulation of an
otherwise inadequate inoculum was discernible by
(a) the early appearance of tumors, (b) the higher
percentage of takes, and (c) a more rapidly fatal
outcome in many instances. This enhancing action
of absorbed, or heated, human serum is shown in
the two experiments tabulated in Table 15. The
control inoculum of Ehrlich cells produced tumors
only after 14 days, whereas the same number of
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TABLE 14

CYTOCIDAL EFFECT OF HUMAN SERUM ON EHRLICH AND KREBS

ASCITES CELLS

EFFECT ON TUMOR CELLS*
ToMor SERUM REAGENT .
Tumor takes Gzte;:’l?;;lc
(pez cent) (per cent)t
Untreated serum (1] 2
52° C. serum 100 200
Absorbed with S-87 100 114
Ehrlich Antibody eluted from S-37 cells 98
carcinoma Absorbed serum - eluted antibody 13
Absorbed with Krebs ca. 100 107
Krebs-Ringer (control) 80 100
Untreated serum 0 0
52° C. serum 90 283
Absorbed with S-87 90 57
Krebs Antibody eluted from S-37 cells 120
carcinoma Absorbed serum + eluted antibody 17
Absorbed with Ehrlich ca. 90 57
Krebs-Ringer (control) 80 100

* Interaction for tests in mice: Ehrlich ca., 250,000 cells per ml. of serum, individual
mice received 25,000 cells; Krebs ca., 500,000 cells per ml. of serum, individual mice
received 50,000 cells.

Interaction for glycolysis tests: Ehrlich ca., 6 cu. mm. cells per flask; Krebs ca., 7 cu.
mm. cells per flask, suspended in 1 ml. of Krebs-Ringer bicarbonate medium with 0.75
ml. serum addition in each case.

t Expressed as per cent of the value for the controls (QY:, Ehrlich ca. = 85;
Krebs ca. = 16).

TABLE 15

EXHANCEMENT OF TUMOR GROWTH BY HUMAN SERUM
RENDERED NONCYTOCIDAL

RATE OF DEVELOPMENT OF TUMORS IN MICE
Tomor SERUM REAGENT doys
7 10 14 18 21 24
2—4+ 2—4+ 4—44
Krebs-Ringer (control) 0 0 0 1-34+ 2-84+ 3-8+
3—2+ 4—24+ 1-2+4
Ehrlich Untreated serum 0 0 0 0 0 0
carcinoma*
2 dead
1-44+ 4—44+ 4—4+ 5dead
52° C. serum 1-24+ 6§—24+ 38-84+ 4-34 8-84+ 8—44
4—-24+ 1-24+ 1-—24
7—44 1l1dead 4dead 8 dead
Absorbed with S-37 1-24+ 4-384 1-84+ 6—4+ 38—4+4+ 2—4+
4—24+ 1-24+ 38-84 2-34
Krebs-Ringer (control) 0 0 0 0 0 1-2+
Untreated serum 0 0 0 0 0 0
Krebs
carcinomat 1—44+ 1—44+ 1dead 1 dead
52° C. serum 0 1-84+ 4-34+ 6-3+ 4—4+ T4+
4—-24+ 5-2+ 8—-2+ 4-34+ 1-8+
1—-24
S$—4+4 1dead 1 dead
Absorbed with S-87 4—2+ 8-84+ 6-84+ 8—4+ S5—4+ S5—4+
4—-24+ 1-2+ 7-84 4-34 3-8+

* 250,000 Ehrlich ca. cells per ml. of serum; each mouse received 25,000 cells.

t 500,000 Krebs ca. cells per ml. of serum; each mouse received 50,000 cells.
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tumor cells, after interaction with heated or with
absorbed serum, was far more effective. In the lat-
ter situation the extensive proliferation of these
tumor cells is underscored by the fact that prac-
tically all the mice succumbed within the test peri-
od of 24 days. The enhancement of tumor growth
was also shown in the experiment with Krebs cells.
Here the inoculum of 50,000 control cells failed to
produce either ascites or solid tumors. However,
the same number of Krebs cells, after interaction
with heated or S-37 absorbed serum, produced
tumors in all mice.

In the course of these studies it was also ob-
served that mice given inoculations of S-37 cells
which had been incubated with sera of species
consistently without cytocidal activity, e.g.,
guinea pig, horse, etc., generally developed ascites
earlier than did control mice.

That normal sera of ““inactive’” species and sera
of “‘active” species rendered noncytocidal exerted
an effect on tumor cells :n vitro is evident in many
of the protocols in preceding sections of this report.
Numerous examples are thus at hand to indicate
that important attributes, tn vitro and in vvo, of
ascites tumor cells are similarly affected by sera
lacking a functional cytocidal system.

DISCUSSION

The role of specific immune antibody developed
in response to implantation of nonisologous tumor
tissue has been studied extensively. There is little
doubt that the host also possesses other defense
capabilities. The system which has been the object
of attention in this investigation is operative in
vitro against heterologous tumor cells and consists
of a natural antibody present in normal blood
serum, together with complement. The serum
components required for the lethal effect upon
tumor cells are thus the same as for bactericidal
action on Gram-negative bacteria, but the par-
ticular antibodies involved are different in the two
situations. Normal serum has been investigated
for more than 70 years with regard to bactericidal
actions, but its effect on heterologous tumor cells
was not discerned until a much later date and re-
ceived relatively little attention thereafter.

As early as 1929 Lumsden and Kohn-Speyer re-
ported (14) that fresh serum of a number of species
contained heat-labile specific cytotoxins (hetero-
toxins) effective against cultures of tumor and nor-
mal cells of mice; however, details were not
given. To our knowledge, this subject did not re-
ceive further attention until 1954 when Land-
schiitz observed (11) that Ehrlich ascites failed to
proliferate in mice after incubation in vitro with
normal human serum. This activity was not mani-

fested by cord blood and was much less pro-
nounced in the serum of patients with viral hepa-
titis. This investigator also reported (12) that the
glycolytic activity of Ehrlich ascites cells was
greatly diminished upon incubation with human
serum. The serum activity was lost by heating at
56° C. or by treatment with trypsin. Green and
Lorincz found (10) that Krebs-2 ascites incubated
in vitro for a few hours in serum of normal chickens
failed to produce ascites in mice. This property of
serum was considered by these workers to be re-
lated to presence of agglutinins for mouse eryth-
rocytes and the tumor cells. Willheim et al. re-
ported (20) that many normal human sera cyto-
lyzed Ehrlich ascites cells following incubation n
vitro for 5 hours at 37° C. Among patients with
malignancies only a small proportion of serum
specimens displayed this effect. Removal of
properdin abolished this activity of serum. In fur-
ther experiments, cytolysis was also demonstrated
with Sarcoma 180 and Krebs ascites. Cow and
sheep serum were reported to lyse Sarcoma 180
cells, but a longer period of incubation was re-
quired. The lytic capacity of serum was inhibited
by a number of mucopolysaccharides known to
complex with properdin. Fedoroff found that blood
serum of some patients, notably schizophrenics,
was highly toxic for a number of cell lines in
tissue culture (6). Such toxic serum killed Earle’s
strain L Cells, SK/C3H cells, and Pomerat’s
strain FF cells, but did not kill HeLa, or Chang
kidney or conjunctiva cells. The toxicity was at-
tributed to the joint action of a factor inactivated
by heating at 56° C. and a heat-stable factor ab-
sorbed by the L strain cells.

Although the aforementioned investigators
worked with different technics and test conditions,
they apparently have been dealing with different
facets of a common system described in this report.
Most of the work was limited to tests with tumor
cells; consequently it was not generally appreciat-
ed that certain normal tissues of mice could also
interact with a component (antibody) of this sys-
tem. There is thus widely distributed among ani-
mals a kind of natural antibody, which, in con-
junction with complement, may serve as a barrier
against invasion by cells of foreign species.

The cytotoxic effect of heterologous antisera
against various transplanted tumors has attracted
increasing attention in recent years. This is attest-
ed by the many reports which detail the effects of
specific antiserum on these cells ¢n vitro (18). For
the most part those studies were made with Ehr-
lich or Krebs carcinomas, because these ascites
cells were free from connective tissue and provided
populations of cells readily accessible to the effect
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of serum. The effect of antiserum on monolayer
cultures of atypical human cell lines has also re-
ceived attention (15, 16). In these experiments
either heat-inactivated immune serum (most fre-
quently of the rabbit) or gamma-globulin derived
from it, together with a source of complement,
damaged the cells in various ways. The cytotoxic
effects included marked increase in cell volume and
altered permeability of the cell membrane (5),
morphologic changes (9), loss of glycolytic activity
(2, 7) and of viability (19). The studies were most-
ly concerned with one or another of these changes;
consequently, it is only when the reports of these
various natures are put together that the over-all
picture of the cytotoxic effects of immune anti-
body and complement emerges.

The present work provides abundant evidence
that normal serum damages heterologous tumor
cells in a manner singularly similar to that of im-
mune serum. The similarity was shown to extend
to the nature of the components required in the
two situations, i.e., both require the participation
of antibody and complement. It appears likely,
however, that the antibody involved differs in nor-
mal and immune serum. For one thing, the con-
centration of antibody in normal serum is very
low. For another, it is heat-labile, being inactivat-
ed between 56° and 60° C. Furthermore, the find-
ing that the normal antibody could be absorbed
in its entirety by mouse lymphoid tissue also sug-
gests that it is likely to be qualitatively different
from that produced by immunization of heterolo-
gous species with tumor cells. It is perhaps not too
surprising that both kinds of antibodies have the
capacity to participate in this reaction. Antibody
to any of several receptors on the tumor cell would
be expected to lead to damage of the cell in the
presence of complement.

. Apart from the serum components required, the
cytocidal reaction of normal serum displays sever-
al noteworthy characteristics. Under optimal con-
ditions of temperature and relative concentrations
of tumor cells and serum, the various changes in
the cells were observed to proceed with approxi-
mately equal rapidity. Thus, it was found that at
37° C. the remarkable blebbing and distortion of
the cell morphology could occur within 1 minute.
Capability to exclude eosin likewise was lost in less
than 1 minute. Similarly, glycolytic activity was
abolished, and the capacity to proliferate in mice
was destroyed within this brief interval. The
rapidity with which these changes took place at
physiologic temperature made it difficult to de-
termine whether they occurred in any particular
sequence. No doubt the critical reactions leading
to death occur on the cell surface. It is probable

that antibody combines immediately with recep-
tors on the tumor cell, and complement then
rapidly completes the reaction leading to cell de-
struction.

Sera of most animal species are known to con-
tain hemagglutinins and hemolysins for foreign
erythrocytes, including those of the mouse. It
might, therefore, be considered that this kind of
antibody could be implicated in the striking effect
of serum on tumor cells. We found that the remov-
al of normal antibody to mouse erythrocytes did
not significantly affect the action of serum on tu-
mor cells. The effect on tumor cells therefore in-
volves a natural antibody other than the one di-
rected against mouse erythrocytes. Absorption of
human serum with any of a number of murine tu-
mors resulted in loss of cytocidal activity, showing
that this antibody was not specific for any indi-
vidual tumor. The antibody could also be absorbed
quantitatively by those tissues of mice in which
reticuloendothelial cells predominate, viz., spleen,
lymph nodes, thymus, and marrow. The various
tumors which absorb the antibody therefore pos-
sess an antigen(s) in common with lymphoid tissue
of the host in which they are propagated.

The absence of cytocidal activity in the serum
of a number of species is puzzling. It is not related
to the phylogenetic position of these species in the
animal kingdom. Furthermore, it seems unlikely
that lack of complement is involved, inasmuch as
all species examined, with the exception of the
mouse, possess complement which is functional in
other systems. Consequently, the simplest expla-
nation for the lack of activity in the serum of some
species appears to be absence of the required anti-
body. However, absorption experiments have
demonstrated that natural antibody, functionally
similar to that in human serum, is present in the
noncytocidal sera of a number of species. The rea-
son for the failure of these components to consti-
tute a functional system in such sera is presently
unknown, but several possibilities are being in-
vestigated.

Unexpectedly, sera negative for killing of tumor
cells usually exerted a promoting effect on tumor
development. This was evident from a higher per-
centage of positive ‘‘takes” than in the controls,
or in a more rapid development of the implanted
tumor inoculum, e.g., earlier appearance of tumor
and earlier death by tumor. These observations on
enhancement in vivo with “negative” sera were
paralleled in the experiments in glycolysis, in
which marked stimulation of glycolytic activity
was, with few exceptions, obtained.

In animal experiments the enhancing effect was
discerned only when the inoculum was insufficient
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to give rise to tumors in the controls. In the glyco-
lytic studies, on the other hand, the stimulatory
action was apparent in most of the experiments, as
can be seen in the tables. Over the years it has re-
peatedly been observed that normal sera can stim-
ulate glycolysis or other metabolic activities. The
mechanisms of the promotion are unknown, both
in the older observations and in the present work.
Elucidation of the factors involved may merit as
much attention as the cytocidal effect.
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