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SUMMARY 

Cells of Yoshida ascites hepatoma AH7974 contained type I, I I  and 
I I I  hexokinases in vivo during intraperitoneal transplantations in rats. 
However, culture l ine of these cells in v i t ro had only type I and I I  
hexokinases. Type I I I  hexokinase reappeared in addition to types I and 
II when these culture cells were back-transplanted intraperitoneally into 
rats. Moreover, when cultured cells were maintained in diffusion chambers 
in the peritoneal cavities of rats, type I I I  hexokinase appeared again. 
These observations indicate that cancer phenotypes can be changed by 
enviromental conditions. 

Abnormalities in gene expression in cancer cells have been suggested 

from studies on isozymes (I-7) and on other phenotypes including cell 

membrane characteristics (8). We observed a difference in the isozyme 

patterns of hexokinase in cancer cells and normal cells (9). In a 

previous paper we also reported that a slow-growing substrain derived 

from Yoshida sarcoma had type I ,  I I ,  I I I  and IV hexokinases while the 

rapidly-growing parent strain had only type I and II hexokinases (9). 

This paper reports a difference in the hexokinase isozyme patterns 

of Yoshida ascites hepatoma AH7974 grown in vivo and in v i t ro and the 

ins tab i l i t y  of cancer phenotypes is discussed. 

MATERIALS AND METHODS 

Animals and Tumor Cells 

A strain of Yoshida ascites hepatoma AH7974 was maintained in male 
JAR-2 strain rats weighing 80-100 g. A culture l ine of AH7974 cells 
(JTC-16) was established from ascit ic cells (I0). Culture cells were 
grown at 37°C in TD 40-type glass culture flasks sealed with rubber 
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stoppers containing I0 ml of Eagle's minimal essent ial  medium (MEM, Nissui 
Co. L td . ,  Tokyo) supplemented with I0 % ca l f  serum, 50 U/ml of p e n i c i l l i n  
G and I00 ug/ml of streptomycin su l fa te .  Medium was renewed every 4 days 
and the ce l l s  were subcultured every 10-14 days. 

Back-transplantation of culture cells into rats was carried out by 
intraperitoneal injection of I06 cells suspended in O.l ml of serum-free 
Eagle's MEM and lO to 14 days later ascitic tumor cells were harvested. 

Diffusion Chamber Experiments 

Millipore f i l t e rs  (25 mm diam., pore size 0.45 u) were attached to 
both sides of the ring of a diffusion chamber (25 mm diam. x 3 mm) with 
MF cement (Millipore Fi l ter Corp., Mass.) and the chambers were steril ized 
with ethylene oxide gas before use. About lO 7 culture cells suspended in 
l.O ml of serum-free Eagle's MEM were injected into the chamber with a 
syringe. Then the hole in the ring was sealed with steri le cement. 
Diffusion chambers containing cells were inserted into the peritoneal cavity 
of rats by operation. After various periods in the peritonal cavities the 
diffusion chambers were taken out and the cells in the chambers were 
collected. The number of the cells was counted and their v iab i l i t y  was 
estimated by erythrocin staining. At the same time the hexokinase in the 
ascitic f luid was analyzed. 

Hexokinase Isozyme Analysis and Activity Assay 

Cells from culture flasks, the peritoneal cavity of rats or diffusion 
chambers were washed with cold physiological saline. They were homogenized 
in the same volume of O.l M Tris-HCl buffer (pH 7.4) containing 5 mM EDTA, 
5 mM 2-mercaptoethanol and lO mM glucose using a sonicator (Tomy Co. Ltd., 
Tokyo). Normal rat l iver which had been perfused with cold physiological 
saline was homogenized in the equal volume of the same buffer in a Potter- 
Elvehjem type homogenizer. Homogenates were centrifuged at I05,000 x g 
for 60 min in an ultracentrifuge (Hitachi Ltd., Tokyo) and the pattern of 
hexokinase isozymes in the supernatant was examined by the method using 
cellulose acetate membrane electrophoresis (9). Act ivi ty was assayed as 
reported previously (9). Protein was assayed by the method of Lowry et al. 
( l l ) .  

RESULTS 

Fig. 1 represents the hexokinase isozyme patterns of normal rat l iver 

and of AH7974 cells after serial transplantation in rats, cultivation for 

7 years and growth in the peritoneal cavity of rats after back-transplanta- 

tion. Transplanted hepatoma cells in vivo showed type I,  I I  and I l l  hexo- 

kinases, type I I  being predominant, as previously reported (9). The 

culture strain of the hepatoma cells, however, contained only type I and 

I I  hexokinases. When these cultured cells were back-transplanted into 

the peritoneal cavity of rats, types I and I I  were retained and type I I I  

hexokinase reappeared. The specific hexokinase act iv i t ies of tumor cells 
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AH7974 in vivo 
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Fig. I. 

AH7974 back-transplanted 
Hexokinase isozyme patterns on cellulose acetate membrane 
electrophoresis of normal rat l iver,  and tumor cells main- 
tained i n  vivo, cultured in vitro and back-transplanted into 
rats. The bands (in order of increasing mobility to the anode) 
are : Type I, I I ,  I l l  and IV. 

in the above three conditions were 35-40 units/g protein and no difference 

was observed among them. 

Fig. 2 shows the hexokinase isozyme patterns of cultured cells after 

growth in diffusion chambers in the peritoneal cavity for various periods. 

As also shown in Fig. l ,  only type I and II hexokinases were present at 0 

time. No type I I I  hexokinase was detectable one day after insertion of 

the diffusion chambers into rats. However, after two days, type I l l  hexo- 

kinase was definitely present. After 3 and 4 days, the bands of isozymes 

including type I l l  on the cellulose acetate membrane were fainter. At 

these days the act ivi ty of hexokinase had also decreased as represented 

in Table I. The table shows the number, v iab i l i ty  and specific hexokinase 

activi ty of cells grown in diffusion chambers for various periods. The 

total cell number in the diffusion chamber fluctuated considerably and 

did not increase throughout the experimental period. The cell v iab i l i t y  
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Fig. 2. 

0 Day 

I Day 

2 Days 

3 Days 

4 Days 

Hexokinase isozyme patterns of tumor cells in diffusion chambers 
in the peritoneal cavity of rats. 

and specific ac t iv i ty  of hexokinase gradually decreased. The hexokinase 

act iv i ty  of ascit ic f lu id remained less than 0.5 units/g protein and on 

electrophoresis, bands of hexokinase isozymes were hardly detectable. 

DISCUSSION 

Many phenotypes of cancer cells were thought to be stable under in 

vivo and in v i t ro conditions. But recent findings, including that of loss 

of transplantabi l i ty of tumor cells during in v i t ro cult ivat ion (12) and 

of the possible maturation of leukemic cells into differentiated cells 

(13-15) indicate that this is not the case. We also detected differences 

in the hexokinase and lactate dehydrogenase isozyme patterns of a fast- 

growing tumor line and slowly-growing substrains derived from i t  (9,16). 

Moreover, Bhatnagar and Morgan recently reported that the act iv i ty  of 
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Table l 

Cell Number, Viabil i ty and Specific Hexokinase Activity of Tumor Cells 

in Diffusion Chambers I 

Period Cell Number Viabil i ty Specific Activity 

Days % % units/g protein 

0 lO0.O 2 75.1 36.4 

l 79.1 56.6 36.2 

2 I07.3 61.3 26.0 

3 82.8 38.6 18.0 

4 I19.7 15.8 20.5 

l ° 

2. 

Values are averages of 5 to 8 determinations. 

The cell number at 0 time is expressed as lO0 %. 

hexokinase, especially of type I was decreased in culture cell strains of 

mouse tumors which had lost tumorigenecity (17). 

These observations indicate that the phenotypic expressions of tumor 

cells are not constant but that they may change spontaneously or by some 

modification of enviromental conditions. The present experiments clearly 

showed that a biochemically detectable phenotype of cancer cells can be 

changed. I t  seemed possible that the reappearance of type I I I  hexokinase 

might be due to the effect of non-tumor cells of the host containing type 

I l l .  However, this possibil ity was excluded by results of the experiment 

using diffusion chambers, since no contamination of the cells in the 

diffusion chamber with non-tumor cells of the host was observed during the 

experiment. The gradual decrease in the v iab i l i ty  of cells in the diffu- 

sion chambers may be due to insufficient f luid transport to support cellu- 
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lar metabolism, mainly caused by attachment of the peritoneum to the outer 

surface of the diffusion chamber. The lack of increase in the number of 

the cells in the chambers is possibly due to the in i t ia l  high density of 

these cells. The fact that type I l l  hexokinase appeared in the tumor cells 

after only 2 days in the diffusion chamber without concomitant increase in 

cell number suggests that its appearance does not require cell division. 

Among the four isozymes of hexokinase, activities of type IV (glucokinase) 

and type II are reported to vary with dietary and hormonal conditions (18, 

19) but type I l l  does not seem to be affected by these factors. However, 

at least in the hepatoma cell line, the presence of type I l l  was very 

variable. When present, type I l l  hexokinase is always found with types I 

and II in various tissues and its physiological function is not yet clear. 

When hepatoma cells which had been grown in vivo and contained type 

I l l  hexokinase, were recultivated in vitro, type I l l  gradually disappeared, 

being weak after 15 weeks and completely absent after 23 weeks (data not 

shown). This is in contrast to the rapid appearance of type I I I  hexokinase 

in cells in the diffusion chamber after 2 days. Some in vivo conditions, 

such as the glucose concentration (20) might be related to the presence 

of type I I I  hexokinase. Experiments on the reason for the appearance of 

type I l l  are now being carrid out. 

ACKNOWLEDGEMENTS 

The authors express sincere thanks to Drs. Hajim Katsuta and Toshiko 

Takaoka, Department of Cancer Cell Research of this institute, for providing 

the culture line of AH7974 cells and JAR-2 strain rats and for their helpful 

discussions and suggestions. Authors are indebted to Dr. Shozo Takayama, 

Cancer Institute, Tokyo, for giving us rings of diffusion chambers. This 

work was supported by grants from the Ministry of Education and the Ministry 

of Health, Japan and from the Committee sponsoring Seminar on Metabolic 

Regulation (Amino Acid and Protein). 

291 



Vol. 48, No. 2, t972 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

REFERENCES 

I. Rutter, W. J., Richard, O. C., Woodfin, B. M. and Weber, C. S., in 
"Adv. Enzyme Regulation", l ,  p.39, Pergamon Press, London (1963). 

2. Schapira, F., Dreyfus, J. ~. and Schapira, G., Nature, 200, 995 
(1963). 

3. Matsushima, T., Kawabe, S., Shibuya, M. and Sugimura, T., Biochem. 
Biophys. Res. Commun., 30, 565 (1968). 

4. Gracy, R. W., Lacko, A. G., Brox, L. W., Adelman, R. C. and Horecker, 
B. L., Arch. Biochem. Biophys., !36, 480 (1970). 

5. Sugimura, T., Sato, S. and Kawabe, S. Biochem. Biophys. Res. Commun., 
39, 626 (1970). 

6. Criss, W. E., Cancer Res., 31, 1523 (1971). 
7. Farron, F., Hsu, H. H. T. and Knox, W. E., Cancer Res., 32, 302 (1972). 
8. Hatanaka, M., Augl, C. and Gilden, R. V., J. Biol. Chem., 245, 714 

(1970). 
9. Sato, S., Matsushima, T. and Sugimura, T., Cancer Res., 29, 1437 

(196g). 
lO. Takaoka, T., Katsuta, H., Ohta, S. and Miyama, M., Jap. J. Exp. Med., 

39, 267 (1969). 
I I .  L-o-wry, O. H., Rosebrough, N. J.,  Farr, A. L. and Randall, R. J., 

J. Biol. Chem., ]93, 265 (1951). 
12. Rabinowitz, Z. and Sachs, L., Nature, 220, 1203 (1968). 
13. Ichikawa, Y., J. Cell Phys., 7__6, 175 (l~T~-O). 
14. Furusawa, M., ikawa, Y. and Sugano, H., Proc. Jap. Acad., 4_]7, 220 

(1971). 
15. Friend, C., Scher, W., Holland, J. G. and Sato, T., Proc. Natl. Acad. 

Sci. USA, 68, 378 (1971). 
16. Sugimura, T., Matsushima, T., Kawachi, T., Kogure, K., Tanaka, N., 

Miyake, S., Hozumi, M., Sato, S. and Sato, H., in "Gann Monograph", 
13, Tokyo University Press, Tokyo (1972), in press. 

17. Bhatnagar, M. K. and Morgan, J. E., J. Natl. Cancer Inst. ,  47, 15 
(1971). 

18. Salas, M., Vin~uela, E. and Sols, A., J. Biol. Chem., 238, 3840 (1963). 
19. Katzen, H. M., Biochem. Biophys. Res. Commun., 24, 531 (1966). 
20. Nakamura, W. and Hosoda, S., Biochim. Biophys. Acta, !58 , 212 (1968). 

292 


