ANTIBODIES ACTION ON TuMOR CELLS

this is thalidomide and not a metabolite of
thalidomide. The radioactive material in
the urine is not thalidomide. Over a wide
range (10-1000 mg/kg) an average of 30 to
40% of the radioactive label appeared in the
urine in 48 hours. During this same period,
most of the remaining radioactive label ap-
peared in the feces.

The authors are indebted to Dr. A. Chisholm for
suggestions concerning chromatographic solvent sys-
tems and to Drs. T. R. Blohm, W. L. Kuhn, and

515

E. F. Van Maanen for their advice and interest.
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Many workers have studied the cytotoxic
action of antisera on normal and tumor cells
in vitro. Some investigators used phase con-
trast microscopy or electron microscopy to
study the morphological changes produced by
the action of antisera(1-6), and changes in
permeability of cytoplasmic membranes to
dyes(7,8). Other experiments compared ca-
pacity of growth, in vitro or in vivo, after the
action of antiserum(2,3,8,9,10).

In general these investigations showed that
after a more or less prolonged incubation pe-
riod in presence of antibodies, there were
changes of the cytoplasmic membrane; swell-
ing with formation of cytoplasmic- blisters,
with following swelling and fragmentation of
the mitochondria; heaping of cytoplasmic
granules around the nucleus, vacuolization
and enhanced cell fragility, and, in the end,
loss of cytoplasmic material. Ellem(11)
showed an increased permeability of the cy-
toplasmic membrane to inorganic and organic
acid-soluble phosphorus, which goes from the
cell into the culture medium. Green ef al.
(12) observed that the incubation with anti-
serum elicits a decrease of RNA and cyto-
plasmic proteins, free amino acids, ribonu-
cleotides and potassium, while DNA content
remains unchanged. These changes are more
evident in the presence of complement.

The action of antibodies on cell metabolism

has been investigated less extensively. Flax
(3) observed that under the action of immune
gamma globulins, in presence of complement,
Ehrlich ascites cells cannot utilize exogenous
glucose by the oxidative pathway; on the
contrary, they utilize succinate. Using the
same cell type, Sugai and Aizawa(5) and
Bickis et al.(6), showed that antiserum
causes inhibition of the respiration in absence
of substrates under the same conditions,
anaerobic glycolysis is also inhibited, while
the respiration with succinate is enhanced(6).

Recently it has been shown that normal
human sera cause inhibition of aerobic and
anaerobic glycolysis of sarcoma 37 ascites,
and of anaerobic glycolysis of the Ehrlich
and Krebs ascites carcinomas(8), as well as
respiration of the latter 2 tumors(13). This
action is complement-linked and may be due
to presence of natural antibodies.

In our experiments we analyzed the be-
havior of respiration and aerobic glycolysis
as a consequence of the action of specific an-
tibodies, considering 2 cell lines; cells of nor-
mal kidney and of epidermoid carcinoma,
cultured in vitro, and cells from the rat liver
and Walker rat carcinosarcoma 256.

Methods and material. Normal kidney
cells (PF) and epidermoid carcinoma cells
of the floor of the mouth (KB) were cultured
in vitro in Hanks’ medium(14) supplemented
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TABLE I. Effect of Various Serological Reagents on Oxygen Consumption of PF, KB, Walker
Carcinosarcoma 256 and Rat Liver Cell Suspensions. Values are in micromoles per kr, per mg of

nitrogen.
Cells
Additions PF KB Tumor Liver
Normal gamma globulin 1.43 =+ .16 1.59 =+ .06 62 + .06 65 =+ .07
Immune ” ” 1.66 + .21 1.75 + .06 56 + .12 65 + .06
Normal 7 ” + complement 140 + .20 2.25 + .16 39 +.13 54 +.09
Immune * ” 1.32 + .08 1.75 =+ .06 46 =+ .00 57 + .04

with additional 100 mg% of glucose. After
5 days in culture, the cells were removed from
the culture flasks with 0.25% trypsin (Difco
1:250), washed in 0.15 M KCI and suspend-
ed in Ringer-Krebs phosphate medium at pH
7.4(15). The suspensions of rat liver cells
and Walker carcinosarcoma were obtained by
mincing the tissue and washing it several
times with 0.15 M KCIl. The final suspension
was made in Ringer-Krebs phosphate me-
dium,

The immune sera were prepared from rab-
bits by several inoculations of cell suspensions
with adjuvant (1 ml of alumina gel plus 2 ml
of a suspension containing 2 X 10¢ cells).
Three intramuscular injections of 1 ml of sus-
pension plus adjuvant were given over a 2-
day period These were followed, after 3 days,
by intravenous injection of 1 ml of adjuvant-
free suspension. Ten days after the last in-
jection the rabbits were bled by cardiac punc-
ture and the serum kept at —20°C,

Normal and immune gamma globulins were
prepared and partially purified from the se-
rum of normal rabbits, or immune rahbits, by
precipitation with Na.SO;(4). The titers of
immune gamma globulins were tested by
complement fixation. The reaction mixture
contained 0.5 ml of each of the following:
immune gamma globulins at the various dilu-
tions; supernatant of homogenate of cell sus-
pensions in 0.15 M NaCl, after centrifuga-
tion for 15 minutes at 3000 X g, containing
8 mg of protein/ml; guinea-pig serum
(2 CU), anti-sheep serum (2 HeU), 2%
sheep erythrocytes. Anti-Walker gamma
globulins gave titers of 1/650 and 1,400 re-
spectively against tumor and liver extracts.
Anti-KB gamma globulins gave a 1/400 titer
with extracts of KB and of PF cells, and
anti-PF globulins a 1/200 titer with extracts
of PF cells.

In some experiments with KB cells, im-
mune sera were adsorbed at 37°C with KB
cells before being used for preparation of
globulins.

Oxygen consumption in the presence of
glucose was determined with Warburg’s di-
rect method, in air at 37°C. Globulins (1.8
mg) were placed in the sidearm together with
glucose (0.2 mM) and added to the cell sus-
pension (1.5-2.0 mg of nitrogen) after 15
minutes of equilibrium. As a source of com-
plement, 0.5 ml of normal rabbit serum at
1/10 dilution was used. The final volume
was 3.5 ml. After incubating 60 minutes,
the content of the flasks was pipetted into
tubes containing 0.5 ml of 40% TCA. After
centrifugation the lactic acid was determined
on the supernatant according to Barker and
Summerson (16).

Total nitrogen was determined according
to Koch and Hanke(17), and proteins ac-
cording to Bucher(18).

Results and discussion. Oxygen consump-
tion in the presence of glucose by PF and KB
cell suspensions undergoing the action of im-
mune gamma globulins, with or without com-
plement, did not exhibit any appreciable
change as compared to controls. Anti-Walker
gamma globulins also produced no change in
oxygen consumption of Walker tumor and
liver cells (Table I).

The slight decrease occurring in the respir-
ation of KB cells exposed to immune gamma
globulin and complement, was not significant,
considering a confidence limit of the mean
values for a student test of t = 0.05%.

The difference between these findings and
those of Flax(3) may be related to the fact
that in Flax’s experiments the metabolic
change occurred when, very likely, the cells
showed signs of suffering because of pro-
longed incubation.
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FIG. 1. Effect of various serological reagents on
the aerobie glycolysis of Walker tumor and rat
liver eell suspensions.

FIG. 2. Effect of various serological reagents on
the aerobie glycolysis of PF and KB cell suspen-
s10ns.

As to the action of anti-Walker gamma
globulins on aerobic glycolysis of Walker tu-
mor and liver cell suspensions, a decreased
lactic acid production in the presence of com-
plement was observed (Fig. 1). These re-
sults agree with the findings of Bickis et al.
(6), Landy et 2l.(8), and Stambuk and Burk
(13).

As to the study of aerobic glycolysis in PF
and KB cells, while immune gamma globulins
bring about no change in lactic acid produc-
tion of PF cells, this production is appre-
ciably enhanced in KB cells in presence of
complement (Fig. 2). This enhancement
does not occur if immune serum is adsorbed
on KB cells before using them for preparation
of immune globulins.
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In some experiments PF cells were submit-
ted to the action of anti-KB gamma globu-
lins, but no change in respiration and aerobic
glycolysis was observed, though anti-KB rab-
bit serum was found(9) to inhibit growth in
vitro of both KB and PF cells.

This difference in behavior of both strains
in vitro, as produced by the action of anti-
bodies, and measured as respiration and gly-
colysis, is especially interesting since PF and
KB cells, besides their morphological and cul-
tural analogy, exhibit the same metabolic be-
havior (19,20).

As to the changes caused by antibody ac-
tion in the metabolic behavior, measured as
respiration and glycolysis, one might think
that the adhesion of large globulin molecules
first occurs at the cell surface, through which
the respiratory exchanges occur. The imme-
diate consequence of this adhesion may be
damage to the mechanism of such exchanges.

It must also be pointed out that special en-
zymatic systems of various types of cells may
exhibit a different degree of sensitivity to this
deficit occurring in the respiratory exchanges,
both in relation to the biological characters
of the cell submitted to the action of the anti-
bodies, and to quantity and quality of the
latter.

On the other hand, it has not been proved
that antibodies, as a consequence of the well-
known changes occurring in cytoplasmic
membranes, can penetrate into the cell and
inhibit some enzymatic systems specifically.
In any case, apart from a possible direct ac-
tion of antibodies on enzymatic systems, the
penetration of immune globulins into the
cells, if occurring, certainly elicits changes in
the colloidal state of the cytoplasm.

Furthermore, in agreement with Miller and
Hsu(2), one would think that in this type of
experiment there is on the one hand a hetero-
geneous antibody mixture, while on the other
hand, these antibodies act on cells of a dif-
ferent age, some in mitosis, others with vary-
ing degrees of abnormality; .., on cells
which probably differ in sensitivity to the ac-
tion of antibodies.

The cell suspensions used in these experi-
ments, when examined by phase contrast mi-
croscopy during incubation with gamma glob-
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ulins and complement, show a swelling after
about 20 minutes affecting differentlv most.
but not all, of the cells. This observation and
the points mentioned above suggest that the
action of antibodies is not always evident, in
animal cells, as an “all or none” reaction.

The results presented here suggest that the
metabolic changes observed after antibody
action are not the consequence of a direct ac-
tion on a given enzymatic system and that the
study of glucose metabolism in cells sub-
mitted to antibody action is not always a use-
ful indication of the cytotoxic effect of the
latter.

Summary. The Os consumption of PF and
KB cell suspensions cultivated in wvitro and
of Walker rat tumor and liver cells incubated
with immune gamma globulins and comple-
ment, remains unchanged, while lactic acid
production in aerobiosis by Walker tumor
and liver cells, as a consequence of the action
of anti-Walker gamma globulins and com-
plement, shows a decrease. On the contrary,
in the presence of specific antibodies and
complement, an enhancement of aerobic gly-
colysis occurs in KB cells, while in PF cells
no change is observed. It is suggested that
some enzymatic systems may exhibit a dif-
ferent sensitivity to the altered metaholic ex-
changes occurring as a consequence of im-
mune globulin adhesion to the cell surface.
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It is generally assumed that the hypothala-
mus is warmed by the arterial blood which
perfuses it(1,2). This belief is associated
with the concept that changes in hypothala-

* Support for this research has come from the
following sources: Chicago Heart Assn. and from
Nat. Inst. of Health grant. : '

mic temperature, and resultant thermoregu-
latory discharges from it, are dependent upon
changes in the temperature of the perfusing
arterial blood supply. However, it is well
known(3) that the metabolic heat production
of a unit mass of gray matter in the central
nervous system is greater than that of most



