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Abstract

The growth of JTC-11 cell line which was established from Ehrlich ascites carcinoma in vitro
was inhibited by the addition of 2 per cent guinea pig serum to the control medium composed of
10 per cent bovine serum, 0.4 per cent lactalbumin hydrolysate and saline D. The concentration
of guinea pig serum could be reduced to 0.02 per cent (lOγ of guinea pig serum protein/ml)
with positive result, but 0.002 per cent guinea pig serum did not inhibit the growth at all. The
inhibitory effect was not abolished by heating at 56◦C, 66◦C, and 70◦C for 30 min but it was
completely lost by heating at 100◦C for 30 min. The inhibitory factor was undialyzable, and was
inactivated with the treatment of 1mM HgCl2- Morphologically, the cells exposed to guinea pig
serum showed pycnotic changes of the nuclei, accompanied by the formation of fine vacuole-like
particles in the cytoplasm. Electron microscopic study revealed poor development of endoplasmic
reticulum. There were more multivesicular bodies and large vacuoles with amorphous content in
the cytoplasm of the damaged cells. The DNA synthesis in these cells was remarkably disturbed
by 2 per cent guinea pig serum.

∗PMID: 4229239 [PubMed - indexed for MEDLINE] Copyright c©OKAYAMA UNIVERSITY
MEDICAL SCHOOL
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Intraperitoneal injection of normal guinea pig serum into C3H mice
bearing the lymphosarcoma, 6C3HED cells of Gardner's original line, brings
about the necrosis of the lymphosarcoma1,2. Up to the present it has been reported
that several other malingnant cell lines, i. e., rat fibrosarcoma ACMCA2s,

Walker 256 carcinosarcoma4
, Jensen sarcoma and its variantsli, and Murphy

Sturm lymphosarcoma6 are also susceptible to guinea pig serum.
The tests' on the JTC-ll cell and its subline, Pb cell in vitro which was

established from Ehrlich ascites carcinoma in vitro by SATO and HAMASAKI7
,

and L cell proved that the JTC-ll cell and the Pb cell are strongly susceptible to
the guinea pig serum but not L cell. In the present paper the susceptiblityof the
tumor cells to guinea pig serum, the morphologic changes and DNA synthesis
of the affected tumor cells and some physicochemical properties of the growth
inhibitory factor to be found in the guinea pig serum are reported. The sera
from rabbit and man have no inhibitory effect on JTC-ll cell growth in vitro.

MATERIALS AND METHODS

Cells and culture method: The JTC-ll cell line established from Ehrlich
ascites carcinoma was maintained in the medium containing 10 per cent bovine
serum and its subline, Pb cellline, was cultured in a protein-free mediumS.
Growth responses of JTC-ll, Pb, and L cell lines to guinea pig serum (GPS)
and other sera were estimated by the modified, simplified replicate culture
method described by KATSUTA9

• The control medium for JTC-ll and L cell
lines was composed of 10 per cent bovine serum, and 0.4 per cent lactalbumin
hydrolysate in saline D, and the control medium for Pb cell line was composed
of 0.05 per cent polyvinylpyrolydon (PVP, m. w. = 700, 000), 0.5 per cent
lactalbumin hydrolysate, O. 1 per cent yeast extract, 0.45 per cent glucose and
saline. Numbers of inoculated cells in 1. 5 ml of each control medium ranged
from 104 to 10li. On the second day of the culture, the control medium was
replaced by the media containing the sera to be examined. All the replicate
cultures were stopped on the fourth day.
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Guinea pig serum (CPS): Three lots of GPS were used. Each lot was
prepared from the blood of three to four adult guinea pigs and sterilized with
millipore filter and stored at - 20°C. In most of the experiments, GPS was
inactivated at 56°C for 30 min.

Human serum and rabbit serum: The serum from a man (Blood type
0) was obtained by venipuncture and sterilized and kept at - 20°C. The serum
from an adult hybrid Japanese rabbit was also obtained in the same way.

Absorption of CPS with fTC-ll cells: The JTC·11 cells were cul
tivated for 6 days in the control medium in a TD-40 flask. The culture medium
was decanted and the cells were washed once with saline D by centrifugation at
1500 rpm for 10 min. After adding 0.3 ml of whole GPS to the packed cells
(ca. 1.5 X 106

), this cell suspension was incubated at 37°C for one hr, and
shaken every 15 min. The relation between the amount of GPS and the number
of cells was culculated from the following facts; the 2· per cent GPS containing
1.0 mg protein/ml usually inhibited the growth of 105 cells of the JTC-11 line.
After the incubation, the suspension was centrifuged and the supernatant was
stored in a refrigerator. These procedures were performed under sterile con
ditions. This GPS was not heated at 56°C for 30 min when used.

Dialysis of CPS against saline D : GPS was diluted 5 times by phosphate
buffered saline (0 .15M NaCl, O. 01M phosphate buffer, pH 7.2), and dialyzed
against saline D for 24 hr at 4 °C, and finally sterilized with a millipore filter.
Both the dialyzed and undialyzed GPS were adjusted to 2 per cent in the
medium.

Treatment of CPS with 1 mM HgCI2 : Following the exposure of 4.0 ml
of 10 per cent GPS in saline D to 1mM HgCl2 for 24 hr at 4°C, the solution
was dialyzed against saline D for 48 hr at 4°C to exclude the cytotoxic effect of
HgCl2• An aliquot of the dialyzed solution was analyzed for the protein concen
tration, and the remaining was sterilized and kept at 4°C. These procedures
were described by Hiramoto lO

•

Morphological studies of fTC-ll cells treated with CPS: The JTC
11 cells were cultured on cover slips laid on the bottoms of culture vessels. The
cells were exposed to 2 per cent GPS for 2 days as in the replicate culture. The
specimens were fixed with methanol and stained with the Giemsa's solution.

Autoradiography for DNA synthesis by fTC-l1 cell line treated
with CPS: The JTC-11 cells were cultured on cover slips. The control medium
was replaced by the medium containing 2 per cent GPS and 1/l.Ci thymidine
If/ml. Twenty four hr after the treatment, the cover slips were washed with
Hanks' solution and fixed in 100 per cent methanol for 15 min. After the treat-
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ment with 2 per cent perchloric acid solution at 4°C for 40 min, the specimens
were dried up, and then coated with autoradiographic emulsion (Sakura NR
M2) by the dipping technique. Following 10 days of exposure in a cold room,
the specimens were developed in Konidol-X and stained with Giemsa's solution.
Percentages of labeled cells were estimated from counts of 1, 000 cells on each
specimen.

Determination of protein concentration: Protein concentration of the
GPS was determined by a modified Biuret reaction11

•

RESULTS

Effects of GPS, human serum and rabbit serum on the growth of lTC-11
cell line : Every lot of GPS inhibited the growth of the cell line at the con
centration of 2 per cent, but the intensity of inhibition differed a little from
each other; 2 per cent human serum and rabbit serum on the contrary sti
mulated the growth (Fig. 1).

Effects of GPS on the growth of lTC-ll, Pb and L cell lines: As shown
in Fig. 2, all the cell lines examined were inhibited by 2 per cent GPS. The
inhibition on Pb cell line was milder than on lTC-11 cell line. Rabbit serum
stimulated the growth of lTC-11 and Pb cell lines, but inhibited the growth of
L cell line.

Fig. 1 Growth responses of JTC-ll cell line to the addition of 2 % guinea pig serum
(GPS), human serum and rabbit serum to the control medium composed of 10 % bovine
serum, 0.4% lactalbumin hydrolysate and saline D.

a) Control medium, -.-' GPS-1, : GPS-2, ---: GPS-3
b) Control medium, Human serum
c) Control medium, Rabbit serum
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JTC-ll CELL LINE
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4 0
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Fig. 2 Growth responses of JTC-ll cell line, L cell line, and Pb cell line (a subline
of JTC-ll) to the addition of 2% guinea pig serum and rabbit serum. The control medium
of JTC-ll and L lines contained 10% bovine serum, but a protein-free medium was used
for Pb line as the control. --: Control medium - - - : Guinea pig serum
- - - - - : Rabbit serum
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Fig. 3 Growth response of JTC-ll cell
line to various concentrations of guinea pig
serum added to the control medium.

A: 2% GPS, B: 0.2%, C: 0.02%,
D: 0.002%, E: Control

Fig. 4 Growth response of JTC-ll cell
line treated with the medium containing 2 %
guinea pig serum for the first 2 hr, 8 hr,
24 hr and 48 hr. After the culture of JTC-ll
cells in the medium containing the guinea pig
serum during 2 hr, 8 hr, 24 hr, the medium
was replaced by the control medium.

A:2hr, B:8hr, C:24hr, D:48hr, E:Control
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4 Dayso

Fig. 6 Effect of dialyzed guinea pig
serum against saline D on the growth of JTC
11 cell line. Two per cent dialyzed and
undialyzed guinea pig sera were added to the
control medium.

A: GPS dialyzed, B: GPS undialyzed.
c: Control

2 4 Days

Fig. 5 Effect of absorbed guinea pig
serum with JTC-ll cells on the growth of
JTC-ll cell line. 0.3ml of guinea pig serum
was absorbed with 1.5 X106 of the cells at
37°C for 1hr before the experiment and added
to the control medium at the concentration
of 2 % on the second day of the culture.

A: GPS unabsorbed, B: GPS absorbed,
C: Control
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Effect of GPS at different concentrations on JTC-ll cell line: The in
hibitory effect of GPS on JTC-II cells was still maintained at the concentration
of 0.02 per cent but milder than at that of 2 per cent and 0.2 per cent. The
protein concentration of O. 02 per cent GPS was ca. lOr / m!. (Fig. 3)

Removal of GPS from the medium at varying time intervals: The ex
perimental media containing 2 per cent GPS were removed from culture vessels
2 hr, 8 hr, and 24 hr and the culture was continued in the control medium for
the rest of the time. As shown in Fig. 4, the growth of the JTC-II cell line
was inhibited in proportion to the exposure time.

Effect of absorbed GPS with JTC-11 cells on the growth of JTC-II cell
line: The absorbed GPS with the JTC-II cells showed milder inhibition than
the unabsorbed GPS did, as illustrated in Fig. 5.

Effect of dialyzed GPS against saline D on the growth of JTC-II cell
line: Both the dialyzed and undialyzed GPS were investigated for the inhibitory
effect on the JTC-ll cell line at the concentration 2 per cent, 1 mg of GPS pro
tein/ rol. The effect was preserved even after this procedure (Fig. 6).
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2 4 Days

Fig. 8 Effect of guinea pig serum treated
with 1 mM HgCl2 on the growth of JTC-ll
cell line. The serum treated with HgC12 for
24hr was dialyzed against saline D for 48 hr
at 4°C. Both the treated· and untreated sera
were added to the control medium at the
concentration of 2%.

A: GPS treated, B: GPS untreated.
C: Control

Fig. 7 Effect of heated guinea pig serum
on the growth of JTC-ll cell line. Two per cent
guinea pig serum was added to the control
medium.
A: GPS not heated. B: GPS 56°C, 30 min,
C: GPS 70°C, 30 min, D: GPS 100°C, 30

min, E: Control medium
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Effect of heated GPS on the growth of JTC-II cell line: The results
were almost the same as in several experiments. One of them is shown in Fig.
7. Each GPS heated at 56°C, 66°C, 70°C, IOO°C for 30 min were added to
the control medium at 2 per cent. Only the GPS heated at IOO°C for 30 min
was used after the precipitated material was removed by centrifugation. No
differences were observed in GPS heated under 70°C, but the inhibitory effect
was completely lost by heating at 10QoC for 30 min.

Effect of GPS treated with I mM HgCl2 on the growth of JTC-n cell
line: The protein concentration of the GPS was reduced by 20 per cent after
the treatment with HgCl2' This GPS was adjusted to 2 per cent concentration
in the experiment. The inhibitory effect of GPS was totally lost by the pro
cedure (Fig. 8).

Photo 1 Fibroblastic or reticulocytic normal cells grow densely on the cover slip. Giemsa, X 200
Photo 2 Cells treated with GPS are a little smaller than normal cells and disperse sparsely on

the cover slip. Most nuclei are pycnotic. Giemsa. X 200
Photo 3 Incorporation of tritiated tymidine into the cells treated with GPS for 24 hr. A distinct

decrease in the number of incorporated cells and silver grains per cell. Giemsa, X 400
Photo 4 Autoradiograph of normal cells treated with tritiated tymidine for 24 hr. The distinct

increase in the number of labeled cells and silver grains per cell. Giemsa. X 400
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Morphological changes of lTC-II cells induced by 2 per cent GPS: The
cells of the control group proliferated well in general, fonning partly network
and partly chain-like patterns. The individual cell was fibroblastic or reticulo
cytic in shape, with a clearly stained large nucleus and a few nucleoli (Photo. 1),
but the cells of the experimental group were smaller than those of the control
group, and dispersed sparsely on the cover slip. They were rather round with
short legs. Most had pycnotic nuclei. The cytoplasm of the experimental group
cells contained fine vacuole-like particles more frequently than that of the
control group (Photo. 2).

Electron microscopically, no pathologic changes were observed in the
nucleus, mitochondria, Golgi complex and the cell membrane of the cells
damaged by the GPS. Endoplasmic reticulum of the impaired cells showed poOr
development. Multivesicular bodies containing many small particles with amor
phous content of a relatively electron dense were observed in the cytoplasm of
the cells damaged by GPS, but these bodies were not detected in the normal
cells (Photo. 5). Virus-like particles, on the other hand, were observed more
often in the intercellular space of normal cells (Photo. 6).

Reduction of DNA synthesis in lTC-II cells treated with GPS: The
incorporation of tritiated thymidine was observed in 44. 0 per cent of the cells
in the experimental group (Photo. 3), but 84.5 per cent in the control (Photo.
4). The cells were labeled slightly in the former, though heavily in the latter
in general.

DISCUSSION

In exammmg the in vitro reaction between tumor cells and antitumor
rabbit serum using GPS as complement, it was observed that both inactivated
and non-inactivated GPS inhibited the growth of the lTC-II cells in the absence
of the anti-lTC-II rabbit serum. For this reason, it was improper to use GPS as
complement in the experiment to investigate the effect of anti-lTC-II rabbit
serum on the growth of the lTC-II cells in vitro.

As for the experiment of absorption, the possibility that the inhibitory factor
of GPS might be the natural antibody against lTC-II cells could be neglected,
because the inhibitory effect of the serum was not altered appreciably. A certain
period was necessary before GPS demonstrated the inhibitory effect on the pro
liferation of lTC-II cells, as shown in Fig. 4.

The inhibitory effect of GPS on the Pb cell line was less violent than on

Photo 5 Electron microscope of the cells damaged by GPS. Poor development of endoplasmic
reticulum and multivesicular bodies are observed. X 21, 000

Photo 6 Electron microscope of the control cells shows virus-like particles in the intercellular
space. X 21, 000
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the lTC·II cell line. This fact maybe interpreted as follows; (i) Pb cell line
had been adapted to so unnatural a condition for a long time that it was trans
formed from the original lTC·II cell line, and it might have become insensitive
to GPS; Oi) the inhibitory effect of GPS might have been weakened by the
presence of some unknown components stimulating the cell growth. When the
inhibitory substance is extracted in a pure form from GPS, it is desirable to use
Pb cell line in the experiment for the proper estimation of the inhibitory material
without the influence of sitmulatory growth factors on the Pb cells.

The experiment with the dialyzed GPS suggested that at least the inhibitory
material of GPS was not the substance of a low molecular weight. It may be
concluded in view of a strong susceptibility of GPS to HgCl2 that some kinds of
protein are concerned. The inhibitory effect was completely lost by heating at
100°C for 30 min.

Several investigators5.1o.12 concluded that the inhibitory factor of GPS on
some malignant cells were almost indistinguishable from L-asparaginase. How
ever, as far as the present experiments are concerned, it is impossible to decide
whether the inhibitory effect of the serum depends on L-asparaginase or not.

Now, there arises a question relative to the DNA synthesis: Whether the
DNA synthesis in lTC-II cells was inhibited by GPS primarily or secondarily;
namely, whether a certain metabolic pathway of DNA synthesis was inhibited
primarily by GPS or some other metabolic pathways were damaged first and
subsequently DNA synthesis was affected.

From electron microscopic findings, the poor development of endoplasmic
reticulum may suggest some disturbances in the metabolism of protein synthesis,
that is to say, the GPS probably inflicts lTC-II cells some damages in the pro
tein metabolism in vitro. Multivesicular bodies appeared only in the experi
mental cells but its meaning is not understood well at the present time.

It has been reported that virus-like particles were observed in Ehrlich cells1B
,

but the particles seen in the cultured Ehrlich cells, lTC-II cells, in the present
experiment, have no significant meanings because they were more often en
countered in the control cells than in the cells treated with GPS.

Should there be any anticancer agents in GPS which can inhibit the pro
liferation of malignant cells specifically, it is valuable to examine these agents
in detail.

SUMMARY

The growth of lTC-II cell line which was established from Ehrlich ascites
carcinoma in vitro was inhibited by the addition of 2 per cent guinea pig serum
to the control medium composed of 10 per cent bovine serum, 0.4 per cent
lactalbumin hydrolysate and saline D. The concentration of guinea pig serum
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could be reduced to 0.02 per cent (lOr of guinea pig serum protein/ml) with
positive result, but 0.002 per cent guinea pig serum did not inhibit the growth
at all. The inhibitory effect was not abolished by heating at 56°e, 66°e, and
700e for 30 min but it was completely lost by heating at 1000e for 30 min.
The inhibitory factor was undialyzable, and was inactivated with the treatment
of 1 mM HgC12' Morphologically, the cells exposed to guinea pig serum
showed pycnotic changes of the nuclei, accompanied by the formation of fine
vacuole-like particles in the cytoplasm. Electron microscopic study revealed poor
development of endoplasmic reticulum. There were more multivesicular bodies
and large vacuoles with amorphous content in the cytoplasm of the damaged
cells. The DNA synthesis in these cells was remarkably disturbed by 2 per cent
guinea pig serum.
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