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Abstract

A unique low density lipoprotein was obtained from the tumor transplanted with a cultured
cell line of Ehrlich ascites tumor, JTC-ll cell. The tumor low density lipoprotein electrophoret-
ically migrated as a single band, and the mobility was different from that of other organs. The
chemical composition of lipid, cholesterol and phospholipids in tumor low density lipoprotein
were characteristic. The flotation rate was Sf 5.9, and thus the molecular weight was estimated
to be about 130 x 104. The inhibitory effect on tumor growth of the immune serum was most
elevated at 25th day after the intraperitoneal administration of tumor low density lipoprotein. The
main fraction effective for inhibition of tumor growth existed in γ-globulin.
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Tumor specific antigenicity has been clarified from the aspect of
genetical compatible host. It has been discovered by FOLEY (l) and has
been confirmed by PREHN (2), and KLEIN (3) that methylcholanthrene
induced sarcomas in mice are strongly antigenic. They reported that the
antigenicity was tumor specific and that it did not depend on genetically
determined isoantigenic differences between donor and recipient. In the
previous report (4), the antitumor activity of regional lymph node protein
of mice transplanted with a cultured cell line of Ehrlich ascites tumor,
]TC-II cell, was demonstrated.

In the present experiment, the low density lipoprotein in tumor of
dd mice transplanted with ]TC-II cells was prepared by dextran sulfate
precipitation method. Tumor low density lipoprotein showed a single
band in electrophoresis, and the chemical characters were different from
those of other organs. The growth inhibitory effect was observed in vitro
cultured JTC-II cells by the serum immunized with the tumor low density
Iipoprotein.

EXPERIMENTALS

Materials: Albino dd mice weighing about 20 g were inoculated sub
cutaneously with a cultured cell line of Ehrlich ascites tumor, ]TC-II cell,
as described previously (4). The tumors grown to the size of about a little
finger tip on 10th day after transplantation were collected in pool, about
100 g in wet weight, minced in a Waring blender, and then homogenized
in a glass-Teflon homogenizer in 10 volumes of 0.01 M phosphate buffer
containing O. 15 M NaCl, pH 7 .6. Tumor homogenate was centrifuged at
140, 000 x g for 2 hrs in a Hitachi Preparative Ultracentrifuge, Model 40
P. Low density lipoprotein was prepared by dextran sulfate precipitation
method from the supernatant solution (5), and high density lipoprotein
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was obtained from the precipitate according to the method of MANSON
et al. (6). Dextran sulfate (molecular weight; about 2 X 105), protamine
sulfate and DEAE-Sephadex A·50 were purchased from Pharmacia Upp
sala, Sweden. Other reagents used were all of reagent grade purchased
from Wako Pure Chemicals Co., Daiichi Pure Chf"micals Co. and Merk
Co.

Chemical Analysis: The concentration of lipoprotein was determined
by the colorimetric method of LOWRY et al. (7), combined at 280 mp..

The concentration of low density lipoprotein was corrected by micro.
Kjeldahl method using the insoluble peptide residue of delipidated lipo.
protein. The factors for correction were 0.76 for serum low density lipo
protein, 0.80 for liver, and 0.82 for tumor.

Delipidation: All procedures were carried out at room temperature.
One volume of low density lipoprotein was added slowly to 15 volumes of
methylal-methanol (4: 1, vIv), and the solution was allowed to stand for
at least 2 hrs. The insoluble part was separated by centrifugation for 15
mins, and it was resuspended twice in 5 volumes of acetone, and finally
in 10 volumes of acetone-water (2: I, v/v).

Lipid Analysis: Total lipid content was determined by the method of
BRAGDON (8). Cholesterol was determined by the procedure SCHOENHEIMER
SPERRY (9, 10), and lipid phosphorus was by FISKE·SUBBAROW (11). The
factor 25 was used to convert lipid phosphorus to phospholipid. Neutral
lipid was estimated substracting cholesterol and phospholipid from total
lipid content. The lipids were separated on thin layer chromatography
(12, 13).

Ultracentrifugation: Ultracentrifugal analysis of low density lipopro.
tein was carried out in about 1.063 density NaCl solution (14). Svedberg
identity was estimated from the flotation rate of tumor low density lipo.
protein, and the molecular weight was calculated according to LINDGREN
et al. (15),

Electrophoresis: Disc electrophoresis on polyacrylamide gel was per
formed at pH 2.3 with a current of 2.5 rnA per gel column for 90 mins
(16, 17). One of two polyacrylamide gel columns was prestained with
Sudan black B, and the other one was stained with amido black after
migration.

Immune-serum: Albino dd mice were injected intraperitoneally with
1mg protein concentration of low and high density lipoprotein, and 0.5 mg
of lipoprotein was supplemented subcutaneously every 1 week for month.
Immune-serum was obtained on 5, 10, 15, 20, 25, 30, and 40th day after
immunization, and kept at - 20°C. Immune-serum was separated by
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DEAE-Sephadex A-50 column chromatography as described previously (4).
The separated fractions were dialyzed in distilled water, and stored at
- 20°C after lyophilization.

Cell Culture Test: The 2 X 105 or 3 X 106 JTC-ll cells were cultured as
described previously (4). The antitumor activity of immune-serum and its
globulin fraction were determined in vitro cultured JTC-ll cells. The
supernatant of lymph node and spleen homogenate tested the antitumor
activity on 10th day after the intraperitoneal administration of tumor low
density lipoprotein.

RESULTS

Lipid to protein, phospholipid to cholesterol and phospholipid to pro.
tein ratio of low density lipoprotein were shown in Table 1. The ratio of

TABLE 1. CHEMICAL CHARACTERS OF LOW DENSITY LIPOPROTEIN

LDL Total Lipid Protein Phospholipid Cholesterol Phospholipid Protein

'(; Serum 7.4 1.30 1.20
S Liver 4.4 1.22 0.64..
0
Z Spleen 4.6 1.30 0.60

Serum 7.4 1.18 0.76
.. M
o c Liver 4.0 1.06 0.23S'':
:l CIS Spleen 5.2 1.61 0.76r--]

Tumor 5.4 4.08 1.00

Average of 5 mouse experiments
LDL: low density lipoprotein

tumor low density lipoprotein was different from that of normal, and also
that of organs in tumor-bearing mice. The differences between low and
high density lipoprotein of the tumor are clearly shown in Table 2. The
phospholipid to protein ratio of spleen of tumor-bearing mice was greater
than that of normal, and the ratio of tumor also greater than others.

TABLE 2 ANALYSIS OF TUMOR LIPOPROTEIN

Protein

Total Lipid

Neutral Lipid

Phospholipid

LDL

2.46

13.50

9.29

5.26

HDL

7.41

3.49

2.79

0.71

unit=mg/ml Average of 5 mouse experiments
Lipoprotein suspension used for immunizing mice was analyzed.
HDL; High Density Lipoprotein, LDL; Low Density Lipoprotein.
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Ultracentrifugal flotation pattern is shown in Fig, 1. The flotation
rate of tumor low density lipoprotein was Sf 5.9, and the molecular
weight was presumed about 130 X 104 according to LINDGREN.

Fig. 1 Ultracentrifugal analysis of tumor low density lipoprotein. Flotation
rate of tumor low density lipoprotein was analyzed in 1.063 density NaCI solution
at 26°. The peak was observed at 30 min. of 51,2000 rpm, and the Sf was 5,9.

A 2 p

Fig. 2 1) Disc electrophoresis of low density lipoprotein.
A: stained by Amido blac'" P: prestained by Sudan black B.
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(- )

(+)

NS TS NL TL NM TM T

2) Disc electrophoresis of low density lipoprotein in mice.
NS = normal mice serum, TS = serum of tumor-bearing mice, NL = low
density lipoprotein from liver of normal mice, TL = low density lipoprotein
from liver of tumor-bearing mice, NM = low density lipoprotein from spleen
of normal mice, TM = low density lipoprotein from spleen of tumor-bearing
mice, T = low density lipoprotein of Ehrlich ascites tumor.

Electrophoretic patterns were shown in Fig. 2. Low density lipoproein
migrated as a single band by prestaining method, and the same mobility
was observed with amido black stain. The electrophoretic mobility of low
density lipoprotein of serum and liver in tumor· bearing mice were slower
than normal ones, and that of spleen were faster than the others. Electro-
phoretic mobility was slowest in tumor tissue. '

Antitumor Activity of Immune·serum: Antitumor activity was examined
in vitro cultured JTC-II cells. Antitumor activities of serum, supernatant
of lymph nodes and spleen homogenate of immunized with low density
lipoprotein are shown in Fig. 3. No significant inhibitory effect on
tumor growth was observed in these of immunized with high density lipo.
protein. Antitumor activity of immune-serum was most elevated at 25th
day after immunization as seen in Fig. 4, and the antitumor activity was
gradually decreased from 30th day or later. Fig. 5 illustrates the relations
between antigenicity and lipoprotein concentration. The highest antigeni.
city was observed by immune·serum obtained from mice injected with
I mg of protein concentration of tumor lipoprotein. Protein concentration
above I mg was unable to examine, because mice administered aove I mg
protein were almost died earlier than 25th day. The antitumor activity of
immune-serum existed mainly in r·globulin fraction separated by DEAE
Sephadex A·50 column as seen in Fig. 6.
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Fig. 3 Antitumor activity of immune-serum. Normal serum, and the super
natant of immunized lymph nodes and spleen homoJenate, each I mg/ml protein
concentration, were added for cell culture tubes.
• ; control, X; normal serum, <!); serum immunized with high density lipo
protein, A; supernatant of lymph nodes and spleen immunized with high den
sity lipoprotein, A; supernatant of lymph nodes and spleen immunized with
low density lipoprotein, 0; serum immunized with low density lipoprotein.

DISCUSSION

The cell culture technique to prove the tumor cytotoxicity was report
ed by MATUMOTO (18), that rabbit immune-serum produced by lipopoly
saccharide was specific for the cultured cell growth. BJORKLUND (19) also
reported thas the specific antigen of HeLa cell was probably existed in
membrane structure lipoprotein.

In the present experiment, the antitumor activity of immune-serum
produced by low density lipoprotein in tumor transplanted with JTC-II
cell was explored with in vitro cultured JTC-II cells.

Tumor low density lipoprotein was especially antigenic, and high
density lipoprotein no antigenic. This suggests that the tumor antigenicity
might not be existed in the protein structure of tumor cell, but in the
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Fig. 4 Antitumor activity of ?'-globulin fraction of immune-serum after
immunization. Immune-serum was obtained on various days after immunization,
and immuno-globulin was precipitated by addition of 5096 ammonium sulfate.
Each 1 mg/ml protein concentration was added in cell culture tube after dialysis.
d = days after immunization.

lipid composition, especially in phospholipids of low density lipoprotein as
illustrated in Table 1, because the phospholipid content and the electro
phoretic mobility of tumor low density lipoprotein were different from
others. SACKS et al. (20) reported that the electrophoretic mobility of
human serum incubated with soya bean lipoprotein migrated faster than
that of non-treated one. Therefore, the differences of electrophoretic
mobility of low density lipoprotein between normal and tumor-bearing
mice might be concerned with the phospholipid content.

The antitumor activity of immune-serum was most elevated at 25th
day after immunization, and that of lymph nodes and spleen was at 10th
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Fig. 5 Antigenicity of lipoprotein concentration. Immuno-globulin at 25th
dayafter immunization, obtained by immunizing with I mg, 0.5 mg of protein
concentration of tumor lipoprotein, was added in cell culture tube.

day as previously reported (4). These facts suggest that the antibody
formation might be in lymph nodes aJ1.d spleen in 10 days after immuni
zation, and the immunoglobulin is gradually issued in serum.

In the present experiment, r-globulin fraction of immune-serum acted
as growth inhibitor in vitro cultured ]TC-Il cells. HIRAI (21) reported that
the r-globulin of tumor transplanted rat was decreased, and that of spon
taneously healing was increased.

In the present experiment, the possibility of antibody formation for
malignant tumor was demonstrated by antigenicity originated from tumor
low density lipoprotein.

CONCLUSION

A unique low density lipoprotein was obtained from the tumor trans
planted with a cultured cell line of Ehrlich ascites tumor, ]TC-ll cell.
The tumor low density lipoprotein electrophoretically migrated as a single
band, and the mobility was different from that of other organs. The
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Fig. 6 Antitumor activity of immuno-globulin. a·, f3- and I'·globulin fraction
each I mJ/ml protein concentration was added for cell culture tube.

chemical composition of lipid, cholesterol and phospholipids in tumor
low density lipoprotein were characteristic. The flotation rate was Sf 5.9,
and thus the molecular weight was estimated to be about 130 x 104

•

The inhibitory effect on tumor growth of the immune serum was most
elevated at 25th day after the intraperitoneal administration of tumor
low density lipoprotein. The main fraction effective for inhibition of
tumor growth existed in r-globulin.

9

Yamamoto et al.: Antibody formation for malignant tumor. II. Antigenicity of

Produced by The Berkeley Electronic Press, 1970



536 Y. YAMAMOTO, Y. TADATOMO and S. OKAMURA

REFERENCES

1. FOLEY, E. J.: Antigenic properties of methylcholanthrene-induced tumors in mice of
strain of origin. Cancer Res. 13, 835, 1953

2. PREHN, R. T., and MAIN, J.: Immunity to ~methylcholanthrene-induced sarcomas. ].
Nat!. Cancer Inst. 18, 769, 1957

3. KLEIN, G., SJOGREN, G.O., KLEIN, E., and HELLSTROM, K. E.: Humoral and cellular
factors in homograft and isograft immunity against sarcoma cells. Cancer Res. 20, 452,
1960

4. YAMAMOTO, Y., NAKASHIMA, Y., OKANO, Y.: Antibody formation for malignant tumor.
I. Antitumor activity of the regional lymph node protein. Gann 59, 109, 1968

5. CORNWELL, D. G., KRUGER, F. A.: Molecularcomplexes in the isolation and characteri
ration of plasma lipoproteins. ]. Lipid. Res. 110, 2, 1961

6. MANSON, L. A., FOSCHI, G. V., and JOY PALM: In vivo and in vitro studies of histocom
patibility antigens isolated from a cultured mouse cell line. Proc. Nat. Acad. Sci. U. S. A.
48, 1862, 1962

7. LOWRY, O. H., ROSEBROUGH, N. J., PARR, A. C., RANDALL, R. J.: Protein measure
ment with the folin phenol reagent. ]. Bioi. Chern. 193, 265, 1951

8. BRAGDON, J. H.: Colorimetric determination of blood lipids. ]. Bioi. Chern. 190, 513,
1951

9. SCHOENHEIMER, R., and SPERRY, W. M.: Micromethod for determination of free and
combined cholesterol. ]. Bioi. Chern, 106, 745, 1934

10. SOBEL, A. E., and MAYER, A. M.: Improvements in Schoenheimer-Sperry method for
determination of free cholesterol. ]. Bioi. Chern. 157, 255, 1945

11. FISKE, C. H., and SUBBAROW: Phosphocreatine. ]. Bioi. Chern. 81, 629, 1929
12. VOGEL, W. C., DOIZAKI, M. W., and ZIEVE, L.: Rapid thin-layer chromatographic

separation of phospholipids and neutral lipids of serum. ]. Lipid Res. 3, 138, 1962
13. SKIPSKI, V. P., PETERSON, R. E., SANDERS, J. and BARCLAY, M.: Thin-layer chromato

graphy of phospholipids using silica gel without calcium sulfate binder. ]. Lipid Res. 4,
227, 1963

14. LALLA, F.O., GOFMAN, W.J.: Ultracentrifugal analysis of serum lipoproteins. Method
of Biochemical Analysis, 1, 495, 1961 Interscience Pub. Inc., New York.

15. LINDGREN, F. T., and NICHOLS, A. V.: Human serum protein. "Plasma Protein" 2, 15,
1960 Acad. Press, New York.

16. GROSS BACH, U.: Acrylamide gel electrophoresis in capillary columns. Biochern. Biophys.
Acta 107, 180, 1965

17. WILLIAM, D. E., REISFELD, R. A.: Disc electrophoresis in polyacrylamide gel: Exten
sion to new conditions of pH and buffer. Ann. N. Y. Acad. Sci. 121, 373, 1964

18. MATUMOTO, T.: Antigenicity of a crude lipopolysacharide fraction of the methylcholan
threne-induced tumor, with special reference to isolosous immunity in inbred rats. Gann

56, 1, 1965
19. BJoRKLuNnD, B., BJORKLUND, V., and HEDLOF, I.: Antigenicity of pooled human

malignant and normal tissues by cytoimmunological technique. III. Distribution of tumor
antigen. ]. Nati. Cancer Inst. 26, 533, 1961

20. SACKS, B. A., DANIELSON, E.: In vitro effect of soy bean phosphatides on serum lipopro
teins of nQrmal and hyperlipemic subjects. Proc. Soc. Expt!. Bioi. Med. 93, 22, 1956

21. HIRAI, H.: Gan no men-eki (Immunol03Y of cancer). Seikagaku 36, 241, 1964

10

Acta Medica Okayama, Vol. 24 [1970], Iss. 5, Art. 3

http://escholarship.lib.okayama-u.ac.jp/amo/vol24/iss5/3


