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ABSTRACT 

A new method of tumor sensitivity test by measurement of the activity of 
acid phosphatase was presented. 

Treatment of experimental tumor cells with mitomycin C, chromomycin Aa 
and 5-fiuorouracil showed that deviation index of the specific activity ran well 
parallel with viability of the cells in vitro. The deviation index of tumor cells 
was also in agreement with survival times of tumor bearing mice treated with 
these drugs. Side effects appeared in animals having high values of deviation 
indices of liver cells. The effectiveness of the drugs was expressed by the 
values obtained from tumor cells minus those obtained from liver cells. In case 
of cyclophosphamide, however, it was difficult to judge by this method. 

In the therapy with mitomycin C, the r esponse was well correlated with the 
deviation index of tumor cells and the side effect was also correlated with the 
deviation index of liver cells. 

This method could predict the effectiveness of carcinostatic agent especially 
short acting cytocidal drugs. 

INTRODUCTION 

Up to the present, many carcinostatic agents have been used in cancer 
chemotherapy, but their effects are not enough for patients with malignancy. 
The reason why no satisfactory results are obtained in cancer chemotherapy 
may be that effective drugs are also toxic to the host and the drugs have 
been used at random. For this reason, the selection of a proper agent, which 
is most effective to tumor cells as well as ineffective to normal host cells, is 
quite important in the treatment of patients with neoplasm. Various methods 
for selecting the drugs, i.e. cylinder plate method1>, cell agar plate (CAP) 
method2> or agar plate diffusion technique3> -?>, tissue culture method8> -n>, suc
cinic dehydrogenase inhibition (SDI) test12> and so on13>- 16> have been reported, 
but no perfect method for selection has yet been established. For the purpose 
of finding a new method of screening of the drugs in cancer chemotherapy, 
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the present study was designed on the fact that lysosomal enzymes play an 

important role in the degenerative processes of cells17> - z3>. Of the lysosomal 

enzymes, the activity of acid phosphatase was measured on both transplanted 

tumor cells and patients with cancer. 

MATERIALS AND METHODS 

A) Animals 

a) Mice; ICR Swiss male, dd male, C 57 BL male, CBA male and C 3 H/He 

female mice were delivered from an inbred colony of the laboratory animal 

center, Nagoya University School of Medicine, maintained by strict brother 

and sister mating for years. The weights of mice used ranged from 20 to 

24 g. 

b) Rats; M. P. male rats having marker gene "ccaaBBhh" and weighing 

about 100 g were obtained from the Moriyama Psychiatory Hospital*. 

B) Tumors 

The following tumors were used: A hyperdiploid Ehrlich ascites tumor 

maintained in ICR Swiss mice by successive intraperitoneal implantation of 

5 x 106 cells every 6 days. Yoshida sarcoma (nitrogen mustard N-oxide 

sensitive strain) obtained from Aichi Cancer Center in Nagoya, AH-130 and 

Friend virus from National Cancer Center in Tokyo, and FM 3 A tumor from 

Mie University in Tsu. 

C) Carcinostatic agents 

The agents used were all commercial products. 

a) Antibiotics: mitomycin C (MMC) purchased from Kyowa Fermentation 

Industry, Ltd., Tokyo; chromomycin A3 (CMA) from Takeda Chemical In

dustry, Ltd., Osaka. 
b) Alkylating agents: cyclophosphamide (CPA) purchased from Shionogi 

Pharmaceutical Company, Ltd., Osaka; nitrogen mustard N-oxide (NMO) from 

Y oshitomi Pharmaceutical Company, Ltd., Osaka. 

c) Antipyrimidine: 5-fluorouracil (5 FU) purchased from Kyowa Fermen

tation Industry, Ltd., Osaka. 
d) Antimetabolite: methotrexate (MTX) purchased from Takeda Chemical 

Industry, Ltd., Osaka. 

e) Plant extract: vincristin purchased from Shionogi Pharmaceutical 

Company, Ltd., Osaka. 

D) Cell suspensions 

a) Tumor cell suspension: Ascites tumor cells obtained from the intra-

* A dress ; 6, Kitayama, Moriyama, Nagoya, JAPAN. 
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peritoneal cavity were diluted to contain approximately 2 x 107 cells per ml by 
adding 1/15 M phosphate buffered saline pH 7.2 (PBS). Solid tumor was cut 
into small pieces with sharp scissiors, minced with tissue crusher12l, suspended 
in sterile PBS and filtered through four layers of gauze. The cell suspension 
thus obtained was diluted to contain approximately 2 x 107 cells per ml of PBS. 

b) Liver cell suspension: The cell suspension of liver tissue was prepared 
by the same procedure as described above. 

E) Chemicals 
Disodium p-nitrophenyl phosphate purchased from Katayama Chemistry 

Co. Ltd., Nagoya. Buffer consisted of 0.075 M sodium succinate and 0.025 M 

succinic acid and was adjusted to pH 5.0 with pH meter. 

F) Assay of enzymatic activity 
To the cell suspension divided into several tubes of 0.2 ml each was added 

0.2 ml of the proposed concentration of carcinostatic agents in PBS and 1.6 
ml of PBS. The mixture was incubated for 3 hours at 3r C in an incubator 
and was shaken several times. After centrifugation, the supernatant was dis
carded and the sediment was prepared in a cold water bath for determination 
of acid phosphatase activity. A wide variety of assay procedures have been 
used for acid phosphatase24> -27>. The method of Lowry et al. 24>, in which the 
hydrolysis of p-nitrophenyl phosphate was followed by spectrophotometric 
determination of the free p-nitrophenol, was popular and convenient. 

In this experiment, Lowry's method was slightly modified as follows for 
simplicity in laboratory conditions. The enzyme activity was measured at 
37°C with a final volume of 2 ml of bufferrd cell suspension at pH 5.0 con
taining 16 mM disodium p-nitrophenyl phosphate. Fifteen minutes later, the 
reaction was stopped by adding 0.5 ml of 30 percent trichloroacetic acid so
lution. The contents were then centrifuged at 3,000 rpm for 5 min. (or 10 
min. more when necessary) and 1.6 ml of the supernatant was gently poured 
into 2.5 ml of 1.5 N NaOH. The released p-nitrophenol was then measured 
by the Hitachi Perkin-Elmer UV-VIS spectrophotometer at 410 m,u. The 
precipitated protein was determined by the method of Lowry et a/.28>. 

G ) Evaluation of in vitro experiments 
a) Deviation index (D.I.) as a parameter of the effect of the agents was 

calculated by the following formula; 

P / Q 
D. I. = P' /Q' x 100-100, 

where P: p-nitrophenol released by acid phosphatase in mM 
Q: quantity of protein in mg 

these values obtained from tumor cell suspension with agents 
P', Q': value obtained from tumor cell suspension alone 
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b) The cells were incubated with the agents for 3 hours and the number 

of trypan blue unstained cells was counted with a hemocytometer. The per

centage effect was calculated by the following formula29>; 

% effect= 100( 1- ~ ), 

where A: number of unstained cells in tumor cell suspension with agent 

C: number of unstained cells in tumor cell suspension alone 

H) In vivo experiments 
a) Ascites form of the tumor: The experimental animals were inoculated 

intraperitoneally with 5 x 106 viable ascitic cells; Ehrlich, FM 3 A, and Friend 

virus induced tumor were inoculated into mice and AH-130 and Yoshida sar

coma into rats. They were divided into several groups of 10 animals each. 

Twenty-four hours later, they were injected daily with 0.04 pgjg of body 

weight of MMC, 2 pgjg of CPA, 0.01 pgjg of CMA, 5 pgjg of 5FU, 0.1 pgjg 

of MTX and 0.02 ttg/g of vincristin dissolved in 0.2 ml of PBS, for 7 suc

cessive days. One group of animals surved as untreated control. Survival 

times of the animals were observed and statistical significance was calculated 

by the t-test. 
b) Solid form of the tumor: Fifty animals were inoculated subcutaneously 

with 1 x 106 tumor cells. One week later, the animals with solid tumors of 

sizes about 7-9 mm in diameter were divided into five groups of 10 animals 

each and were treated intraperitoneally with 0.4 pgfg of MMC, 20 pgfg of 

CPA, 0.1 pgf g of CMA and 50 pgf g of 5 FU in 0.2 ml of PBS and 0.2 ml of 

PBS as control, for 5 days. The size of the tumor was measured at least 

along two directions by a caliper. 

c) Toxicity of the agents on the host: ICR Swiss, dd, C 57 BL, and CBA 

strains of mice were injected intraperitoneally in a dose of 1 pgfg of MMC, 

50 pgjg of CPA, 0.25 pg/g of CMA and 125 pgjg of 5 FU in 0.2 ml of PBS 

every day, until the animals died. The toxicity of the agents on the host 

was recorded by the survival time of the mice. 

d) Observation of side effects of MMC: Four strains of mice were injected 

intravenously with a dose of 5 pgfg twice, 4 days apart. They were checked 

survival times, for leukocyte counts and albuminuria (using Uristix from Ono 

Drug Company in Osaka) every other day. 

!) Clinical responses 
The deviation index of biopsied tumor from inoperable patients with ma

lignant disease were measured. These patients were treated with appropriate 

drugs and their clinical responses were compared to the deviation indices. 

Twenty-five patients with carcinoma of the stomach were treated with MMC 

<;lurin~ curative r!J.c;lical sur~ery or later. Sjc;le effeGts jncludin~ leukocyte 
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count, s-GOT and s-GPT, were compared with the deviation indices of the 
liver biopsied at surgery. Furthermore, nineteen patients with carcinoma of 
the stomach treated by curative radical surgery plus MMC chemotherapy 
were followed up. The relationship between (T)- (L) values and survival 
times was observed. 

RESULTS 

A) Preliminary experiments 
a) Effect of pH on activity of acid phosphatase: Between pH 4.0 and 6.0 

succinate buffer was examined for the assay of acid phosphatase. As shown 
in Fig. 1, the optimal pH for Ehrlich ascites tumor cells was between 4.8 and 
5.4, ·and in the succeeding experiments, pH 5.0 succinate buffer was utilized. 
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FIG. 1. Effect of pH on the 
specific activity of acid phos
phatase. 
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FIG. 2. Effect of incubation time on the specific activity of acid phosphatase. 
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b) Effect of incubation time on activity of acid phosphatase: The curve 
in Fig. 2 shows the relationship of specific activity of acid phosphatase of 
Ehrlich ascites tumor and incubation time. The activity of enzyme of the 
tumor cells increased with the time of incubation at 37°C and became stable 3 
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hours later, whereas, it remained constant during incubation at 4°C. Activity 
of the enzyme of liver cells showed also the same curve as that of Ehrlich 
tumor cells. 

c) Factors affecting the deviation index of Ehrlich ascites tumor cells 
treated with various carcinostatic agents: Figs. 3 a-e show the relationship 
between deviation index of the tumor and concentration of carcinostatic 
agents. Arithmatic scale of deviation index was used on the ordinate and 
logarithmic scale of doses of the agents per one ml on the abscissa. Figs. 
3 a'-e' show the percentage effect instead of deviation index of the tumor. 
Deviation index fell with decrease in concentration of the drugs. Percentage 
effect ran parallel with the curve obtained from deviation index of tumor 
cells treated with MMC, CPA, CMA and 5 FU. In nitrogen mustard N-oxide 
treated cells, however, the deviation index increased regardless of decrease in 
concentration of the drug. These results indicated that the deviation index 
i's related to death of cells in MMC, CPA, CMA and 5 FU. 

On the other hand, the pH at high concentrations of drugs were variable 
as shown in Fig. 4, namely pH of 5 FU was alkaline and that of nitrogen 
mustard N-oxide was acid, while with less than 2 x I0-3 (4 f-!g of MMC, 200 f-!g 

of CPA, 500 f-!g of 5 FU and 1 f-!g of CMA in one ml) they were neutral. The 
following experiments were therefore performed at this concentration. 

t XIO"' 
x2x1o..a 

concentration of drug 

xiO"". /ml 

0-0 Mitomycin C; A=2 mg 
f:,-1:> Cyclophosphamide; A=lOO mg 
><-:--X Nitrogen mustard 

N-oxide; A=50 mg 

·---· Chromomycin A3; A=0.5 mg 
0-0 5-Fluorouracil; A=250 mg 

FIG. 4. pH value in relation to 
dilution with P.B.S .. 

B) Comparison between in vitro and in vivo experiments 
a) Tumor growth: Table 1 (a) shows the relationship between deviation 

index and 50% survival time. The second paragraph indicates the examined 
drugs in order of deviation index, which was about related with 50% survival 
time in MMC, 5 FU, CMA treated groups. CPA, however, was not always in 
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TABLE 1 (a). Comparison of Deviation Index of Tumor and 50 Percent 

Survival Time of Tumor Bearing Animals Treated with Drugs 

Tumor Drug 

Ehrlich 
ascites 
tumor 

AH-130 

Yoshida 
sarcoma 

FM3A 

Friend 
virus 
induced 
tumor 

MMC 

5-FU 

CPA 

MTX 

Vincristin 

CMA 

Control 

MMC 

5-FU 

CPA 

CMA 

Control 

MMC 

5-FU 

CMA 

CPA 

Control 

MMC 

5-FU 

CMA 

CPA 

Control 

5-FU 

CMA 

MMC 

CPA 

Control 

I Tumor I 50% -survival I P-value 
APD (D.l.)* time (day)** 

I ~---;26~±3~~--r- 24.0-( 19-30)-c--- P>0.0-1 - ---

+~~:::~:~ II ~~:: ~~~=~:~ ~~~:~~ 
+0.4±1.8 15.2 ( 11-19) P<0.05 

- 3.0 ± 2.0 15.3 ( 12-20) P<0.05 

- 8.6 ± 2.0 14.9 C 8-21) P<0.05 

+29.3±2.5 

+ 20.9±3.1 

+2.0 ± 2.8 

- 3.3±2.2 

+ 27.1±3.6 

+ 1.8±2.6 

+0.1±2.2 

- 1.2±2.4 

+22.5±3.1 

+ 10.1 ±3.1 

+8.9±3.0 

+2.3±2.1 

+18.9±2.0 

+ 16.8± 2.1 

+ 2.5±2.6 

+1.3±2.2 

14.1 (11-17) 

25.8 ( 19-34) 

21.1 (16-27) 

13.7 ( 9-21) 

13.2 (8-19) 

11.9 ( 8-15) 

9.2 (7-13) 

8.5 (6-13) 

7.8 (7- 9) 

13.1 ( 12-15) 

6.4 ( 5- 9) 

28.0 ( 24-35) 

27.4 ( 24-33 ) 

22.2 ( 18-26) 

20.0 ( 15-26) 

20.6 (17-26) 

21.0 ( 15~28) 

22.5 (17~26) 

15.9 ( 9-22) 

17.6 (11-26) 

13.3 ( 10-18) 

P>0.01 

P>0.01 

P<0.05 

P<0.05 

P>0.01 

O.Ol>P>0.05 

0.01>P>0.05 

P>0.01 

P>0.01 

P>0.01 

P<0.05 

P<0.05 

P>0.01 

P>0.01 

P<0.05 

0.01>P>0.05 

* D.l. ± S.D., **mean (range) 

agreement with respect to deviation index and 50% survival time. Table 1 

(b) shows a summary of Tab. 1 (a) as regards relationship between deviation 

index and survival ratio. Sensitivity of drugs against tumor was slightly 

different with each tumor. 
The deviation indices obtained from solid forms of Ehrlich tumor and 

Yoshida sarcoma were compared with the tumor growth after treatment. As 

shown in Fig. 5, the results between the index of the tumor and the tumor 

growth were correlated in these groups treated with MMC, CMA, CPA, but 

was not correlated in Yoshida sarcoma treated with 5 FU. 
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TABLE 1 (b). Tumor-Drug Relationship: Comparison of Deviation 
Index of Tumor and Survival Ratio of Tumor Bearing 

Animals Treated with Drugs 

323 

_'fumor ~ 

MMC I . 5-FU f_._ c:__MA -1 CPA 
D.I.* I Ra tio** D.I.* I Ratio**[ D.I.* \ Ratio** D.I.* I Ratio** 

AH-130 

Ehrlich 
ascites tumor 

+29.31 2.17 1 +20.91 1.78 1 - 3.31 1.11 i +2.0 1 1.15 

+ 26.9
1 

1.71 . _ + 14.6
1 

1.52·--r4~;r- ·::-:-r 1.16 -

Yoshida sarcoma I + 27.1 I 1.44 + 1.8 1 1.33 I + 0.1 I 1.22 I - 1.2 i 2.05 

FM3A 

Friend virus 
induced tumor 

I 

I 

+ 22.5 1 1.36 + 10.1 1 1.33 1 + 8.9 1 1.09 1 + 2.3 [ 1.00 

+ 2.5 1 1.19 + 18.9 1 1.58 1_~~~~~ l.~~J~+ 1.3 r-1.32 -

* m ean of deviation index of tumor 
** 50% survival time of tumor bearing animals treated with drugs divided by 

that of control 

Drug 

MMC 

CPA 

CMA 

5- FU 

Control 

Drug 

CPA 

MMC 

CMA 

5-FU 

Control 

Solid form of Ehrlich carcinoma 

day 

•••••••• 
+2 . 9"2 . 7 ....... -
+2.4<2 . 0 ....... -
+1. .6<2 . 1 •••••••• •• 
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FIG. 5. Deviation index of solid Ehrlich carcinoma and 
Yoshida sarcoma and tumor size after t reatment. 
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b) Side effects: To observe the toxicity of drugs, deviation index of liver 

and 50% survival time were investigated and shown in Table 2. The second 

paragraph indicates the order of deviation index of the liver. When the 

values of deviation indices were greater, the survivals were shorter. 

TABLE 2. Difference in Liver APD and 50 Per cent Survival Time 

According to Strain of Mice 
~ ~ 

Strain of 50% survival Drug Liver P-value*** 
mouse APD (D.l.)* time (day)** 

MMC dd +15.2±1.5 15.1 ( 11-22) 

ICR Swiss +0.9 ± 1.4 30.0 ( 24-36) P>0.01 

CBA -4.6±1.8 31.0 ( 24-38) P>0.01 

C57BL -7.6±1.8 31.0 (27-37) P>0.01 
- - -·--- ---· 

CPA dd +16.2±1.8 9.6 (6-14) 

ICR Swiss -2.5±1.8 16.9 ( 12-28) P>0.01 

CBA -3.2 ± 2.4 12.6 (8-18) 0.01>P>0.05 

C57BL -9.1±2.6 16.8 ( 10-22) P>0.01 

CMA dd +14.2±1.8 5.5 (3- 8) 

ICR Swiss + 10.4±1.4 7.2 (4-11) P<0.05 

C57BL -0.6± 1.4 10.8 (5-18) P>0.01 

CBA -0.7± 1.4 10.9 (6-17) P>O.Ol 

5-FU dd -0.7±1.9 6.9 (5-9) 

C57BL -2.4±2.2 6.6 (5- 8) P<0.05 

ICR Swiss -3.6±1.6 7.6 (4- 9) P<0.05 

CBA -5.4±1.9 8.0 (7-10) P<0.05 

* D.I., S.D., ** mean (range), *** value of dd strain as control 

The side effects including survival time, loss of weight, leukocyte count 

and albuminuria, were investigated in various strains of mice treated with 

MMC. As shown in Table 3, the fifty percent survival time of mice was 4.5 

days in dd, followed by C 3 H/He, CBA and C 57 BL; leukocyte count of the 

mice decreased most in dd, and slightest in C 57 BL; the presence of albu

minuria showed no difference between them. The results of leukocyte count 

were well paralleled with the deviation indices of the liver of mice. 
c) Host-tumor,drug relationship: The deviation index of the tumor was 

expressed as (T) and the index of the liver as (L). If the (T) value is greater, 

the agent must be more effective and if the (L) value is greater, the host will 

be killed by the effect of the agent because of decrease of host resistance. 

Therefore, a parameter calculating (T)- (L) was taken into consideration to 

estimate the effect of the drug. From the results in Table 4, the values were 

well paralleled with the fifty percent survival times. 
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TABLE 3. Host-Drug Relationship: Deviation Index of Liver to MMC and 50% 
Survival, Loss of Weight, Leukocyte Count and Albuminuria of Mice 

Treated with MMC in a Dose of 5 pgjg 

I 
50% Loss of weight 'I Leukocyte count Albuminuria 

Strain of ~;g survival before I 3 d. before 
1

1 1 d. ** 13 d. ** j 3 d. 
-·-m_o_u~e ( D.l.) ( J~x;r** ;;;:~~- I after t. t.** after t. after t. before t.l after t . 

II I 12200 10000 I 2000 +.~i~5* 4.5 (3- 6) 21.4 I 17.9 (17200 (17600 (3200 0110 +6/ 10 
----:-~-_!------- -7800) -5200)1 -1400 ) 

dd 

C 3 H/He I I 11 10500 I 6000 I 3700 
--~-·'\ .... -616.2-( 5-- 8) 22.3 .I 20.1 ( 14400 I( 8800 ( 5200 0/10 +6/10 

-84oo )I -31oo )1 -12oo ) __ ___ _,___ 

1-~61.8 6.4 ( 4- 7) I -
10100 3700 3250 

( 17200 (5200 (4800 0/10 + 5/10 
-7200) - 2000) - 900) 

CBA 
23.2 20.6 

9600 3200 1 3000 

I 
(15600 ( 6000 '( 6500 0/ 10 +9/ 10 

-5200) -1600 )I -10oo) 
I 

C57BL 
22.2 

I I 

I -~21.418.3 (5-12)1 22.5 

* D.l.± S.D., ** mean (range) 

TABLE 4. Host-Tumor-Drug Relationship : Comparison Between (T)-(L) and 
50 Percent Survival Time in Various Strains of Mice 

Drug 

···-
MMC 

5-FU 

CPA 

CMA 

Strain I 
of mice 

C57BL 

CBA 

ICR Swiss 

dd 

CBA 

ICR Swiss 
C57BL 

dd 
I 

C57BL 
I 

CBA I 

ICR Swiss I 
dd I 

I 
CBA 

C57BL 

ICR Swiss 

dd 

Tumor 
APD (D.l.) 

(T) 

+ 26.9± 3.4 

-

+ 14.8± 2.5 

+2.4± 2.1 

-8.9± 2.0 

* p.I. ;;!;:S.D., ** mean;tS.D, 

I 

I 

-

Liver 
APD (D.D.) 

(L ) 

-7.6± 1.4 
- 4.6± 1.8 

+0.9± 1.4 
+ 15.2± 1.2 

-5.4± 1.9 

-3.6± 1.6 

-2.4± 2.0 
- 0.7± 1.9 

- 9.1 ± 2.6 

- 3.2± 2.4 

-2.5± 1.8 

+ 16.2± 1.8 

-0.7±1.7 

- 0.6± 1.4 

+ 10.4± 1.4 

+ 14.2± 1.8 

(T)-(L)* 

+34.5± 4.8 
+31.5± 5.2 
+26.0± 4.8 

+10.7±4.7 

+20.2±4.4 

+18.4±4.1 

+ 17.2± 4.5 
+ 15.5±4.4 

I + 11.5± 4.7 

I +5.6± 4.5 

I 

+4.8± 3.9 
-13.8± 3.9 

-8.2± 3.7 

- 8.3±3.4 

- 19.3± 3.4 
- 23.1±3.8 

1 50% survival 

I time minus 
control (day)** 

I 

I 

13.0± 2.2 

12.5± 2.1 

10.9± 1.9 

4.4±1.7 

9.0±2.2 

7.3± 1.9 

10.7± 2.2 

4.8± 2.2 

3.8±2.4 

2.9± 1.8 

2.3± 1.7 

0.7± 1.8 

3.1± 2.1 

4.3± 2.3 

0.8± 1.9 

0.2± 2.3 
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d) Clinical application: As shown in Table 5, in 17 patients treated with 

appropriate drugs, 6 cases with deviation index of more than + 25 were closely 

correlated with the clinical response of drugs. However, the effect of CPA 

was not always in agreement with the deviation index of tumor. Moreover, 

as shown in Table 6, the side effects of MMC were likely to occur in patients 

TABLE 5. Relationship between Index of Tumor and Clinical Response 

of Patients with Malignancy Treated with Appropriate 

Carcinostatic Agents (Inoperable) 

Patient 

1. Hodgkin's disease 

2. mixed tumor of 
salivary gland 

3. gastric cancer 

4. gastric cancer 

5. gastric cancer 

6. gastric cancer 

-~ Age I Tumor APD I Total I Clinical 

____ Sex __ ---~~- _ (~~L response 

20 
M 

59 
M 

32 
F 

59 
F 

57 
F 

57 
M 

MMC 
CPA 
CMA 

MMC 
CPA 
CMA 

MMC 
CPA 
CMA 

MMC 
CPA 
CMA 

MMC 
CPA 
CMA 

MMC 
CPA 
CMA 

- 13.6 
+ 37.3 

+ 5.5 

40 
3300 

-25.3 50 I 

-3.1 6000 
-4::l.5 

+26.5 40 
-60.1 
+ 32.1 5 

+ 38.2 40 
-6.7 
- 2.0 

- 7.4 30 
+ 10.4 
-20.3 

-7.4 
+10.4 
-20.3 

32 

+ 

* 

7. myosarcoma of skin 59 
F 

MMC 
CPA 
CMA 
5FU 

+ 64.5 
+45.0 
+21.2 
+71.6 

12 

8. reticulosarcoma 

9. colon cancer 

10. gastric cancer 

11. reticulosarcoma 

12. skin cancer 

13. gastric cancer 

23 
M 

54 
F 

64 
M 

48 
M 

3::l 
F 

72 
M 

MMC 
CPA 
CMA 
5FU 

MMC 
CPA 
CMA 
5FU 

MMC 
CMA 
5FU 

MMC 
CPA 
CMA 
5FU 

MMC 
CMA 
5FU 

MMC 
CMA 
5FU 

- 9.0 
+16.0 
-13.0 
+ 39.1 

-0.4 
-3.9 

-16.5 
-12.1 

+ 4.4 
+3.1 
-2.8 

+ 9.1 

5500 

3100 

6000 

16 

28 

+ 18.8 3500 
+ 17.4 
+ 16.9 

+3.3 40 
- 23.3 

-6.:3 

+ 4.5 1 --1- 8.4 
+ 38.9 5500 

* 
+ 

* 

+ 

* 
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Patient 

14. g astric cancer 

ancer of gall 15. c 
b ladder 

16. g astric cancer 

17. g astric cancer 

-· 
- no effect 

TABLE 5. (Continued ) 

Age 
Sex 

44 
F 

41 
M 

48 
M 

54 
M 

Tumor APD 
( D.I. ) 

MMC +1.3 
CMA +1.3 
5FU -27.0 

MMC +17.4 
CMA +12.0 
5FU +17.4 

MMC +37.0 
CMA +34.4 
5FU + 43.3 

MMC +13.6 
CMA + 11.3 
5FU +0.4 

I Total I Clinical ; dose I ( mg ) response 

40 -

40 -

5000 + 

I 40 + 
I 5000 * 40 -

·' 

+ decrease of tumor size to less than 25% in its diameter * decrease of tumor size to less than 50% in its diameter 
+tt decrease of tumor size to more than 50% in its diameter and 

decrease of ascites volume 
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having a high value of deviation index of the liver; namely, leukopenia of 
less than 4,500 WBC count occurred in seven patients after MMC treatment 
whose deviation indices of liver to MMC were more than + 10, except one 
case, No. 8. As shown in Table 7, except one case, No. 4, when the values 
of (T)- (L) were greater, patients with carcinoma of the stomach treated 
with curative radical surgery plus chemotherapy lived longer. 

DISCUSSION 

The majority of carcinostatic agents eventually lead the cells to death 
through some processes, and it is reasonable to judge the sensitivity of each 
drug by the degenerative preocesses in cells. Lysosomal enzymes are related 
to cell destruction, and of these acid phosphatase exists widely in normal 
and tumor cells, and its activity can be determined by a simple technique no 
matter how small it may be. 

The effectiveness of a drug should be considered from the tumor and 
host sides, and, in the present study, it was judged by the index of both sides. 
Besides the question of the tumor side, the judgement of side effects in vitro 
remains unsolved. Some judge them by the depression of bone marrow 
cells30>31> and others by the suppression of reticuloendothelial cells32>33>. Liver 
is also a tissue utilized to predict the side effects of a drug and is used most 
frequently for studies of acid hydrolase that are bound to the lysosome34>35l 36>. 

Acid phosphatase activity was measured in the tumor and liver. The 
effectiveness of the drug was determined by the ratio of the specific activity 
of t1,1mor and liver cells treated with the agent to that of untreated tumor 
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TABLE 6. Relationship between Deviation Index of Liver and Side Effects 

on Patients with Carcinoma of the Stomach Treated with MMC 

-;;,~"·;~" .. ~-1~~~: r &7, --=-~:r1~~~~~~~~d~~~~ 
--·-~ ---~~~-----~----~---·---· 

I I 

1 61 M 20* I + 2.8 1 7600 8200 

2 70 M 20* ! + 22.9 6700 4300 

3 56 M I 26* - 1.4 1 9400 -

4 44 M 

I 

20* - 7.0 11600 10700 

5 48 M 26* -4.5 [ 7200 7000 
i 6 73 M I 20* - 3.3 1 7400 -

7 64 M I 20* -6.0 1 6200 5800 
I 

8 26 M ' 20* + 18.3 66oo I 8100 

9 54 F 22* + 1.2 51oo I -

10 45 M 20* +16.0 66oo I 4600 

11 40 M 26* -12.6 5300 I 
7;0 1 12 42 F 26* +7.3 5300 

' 
13 48 M 40** + 1.1 7800 9800 
14 56 F 40** +14.1 6!100 7300 
15 68 M 40** +4.2 7500 7700 
16 66 M 40** +2.1 10300 164oo I 
17 59 M 40** - 4.3 7800 6200 
18 34 F 40** +15.6 9000 8600 
19 43 M 50** - 2.1 7800 6800 
20 65 M 32** +5.0 6200 4200 
21 62 M 40** I +0.8 740o 7200 
22 36 M 40** + 27.9 7300 4100 
23 34 F 40** +12.8 6100 4500 
24 28 F 40** + 0.2 4500 11600 
25 I 

52 
I 

F 40** + 12.2 6300 5500 

* to hepatic artery with one shot injection 
** injection with 4 rug of MMC twice a week 

6600 24 

2500 10 
8600 12 

8900 18 
6200 19 

6300 10 

5200 19 

6800 16 

6400 16 

3400 14 

5400 25 

6200 15 

6300 20 

4100 18 

5900 22 

11000 32 

6900 56 

4500 22 

6400 27 

4800 14 

8100 14 

2300 17 

4000 22 

14300 40 

4000 24 

24 16 

20 7 
25 11 

41 17 

59 16 

27 4 

19 12 

28 18 
12 8 

55 10 
29 17 
17 10 
21 16 
15 8 

16 10 
35 16 
55 54 

36 14 

34 . 28 

17 9 

21 16 

24 15 

36 14 

66 19 

20 25 

and liver cells, and the value was expressed as the deviation index. 

I 

23 
18 

I 

19 
27 

I 45 
I 

I 

17 
8 

i 
18 
9 

29 

I 

22 
14 
16 
20 
13 
18 
50 
24 
34 
10 
20 
30 
24 
37 

18 

The deviation index of the liver may show algebraically the degree of 

host defence mechanism against tumor which has been already mentioned in 

"the limitations and adverse effects of cancer chemotherapy"37l. Thus the 

deviation index of tumor (T) minus that of liver (L) may show synthetically 

the effectiveness of drug against individuals with cancer; When (T)- (L) 

value is great, the tumor bearing host will live longer, whereas if (T)- (L) is 

low adverse effects may occur because of the depression in host resistance38l. 

The results showed that the sensitivity of the agents was different for 

each tumor and that a possibility of host resistance against the agent would 

differ in individual hosts as has already been reported in the biochemical 
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TABLE 7. Follow-Up Results of Patients with Carcinoma of the Stomach 
Treated with Surgery Plus Chemotherapy in Relation to the Deviation 

Indices of Tumor and Liver 

329 

1'atients .. j' . . 1 . 'I . I . 1 Total I Survival time 
I I Htst_ologtcl Tumor Ltver (T)-(L) I doses after surg. and 

No. Yr. Sex dtag. APD( T) APD( L ) ( mg ) chemoth *** 

1 70 
I 

M Ad.* I - 10.2 I +22.9 -33.1 20 4 M. death -
I 

2 54 F Ca. S** -24.2 +1.2 -25.4 22 6 M. death 
3 48 M Ad. 

I 
-1.9 - 4.5 +2.6 26 7 M. survival 

4 61 M Ad. 
i 

+7.1 +2.8 I +4.3 20 12M. death 
5 

I 

73 M Ad. +7.0 -3.3 +10.3 20 6 M. death 
6 64 M Ad. I + 4.4 -6.0 +10.4 20 14M. death 
7 56 M Ad. 

I 
+14.7 -1.4 +16.1 26 14 M. survival 

8 I 43 M Ad. +26.5 - 2.1 +28.6 50 27 M. survival 
9 I 44 M Ad. + 31.1 - 7.0 +38.1 20 12 M. survival 

I 10 65 M Ad. 

I 

+47.1 + 5.0 +42.1 30 24M. death 
11 48 M Ad. -31.5 +1.1 -32.6 40 7 M. death 
12 66 M Ad. - 9.6 +2.1 -11.7 40 5 M. death 
13 56 F Ad. I +8.2 +14.1 -5.9 40 

I 
5 M. death 

14 26 M Ca. S ! 
+27.1 +18.3 +8.3 20 4 M. death 

15 45 M Ad. I + 30.0 +16.0 +14.0 20 12M. death 
16 68 M Ad. 

I 
+25.4 + 4.2 +21.2 40 16 M. survival 

17 59 M Ad. +1.2 -4.3 + 5.5 40 10 M. death 
34 

I 
I 

18 F Ca. S +32.8 +15.6 +15.2 40 I 8 M. death 
19 

I 
62 M Ad. + 47.5 I +0.8 +46.7 40 18 M. survival I I 

···~ 

* Ad. : Adenocarcinoma, ** Ca.S: Carcinoma simplex, *** on Oct. 31, 1970 

studies of human tumors39>40>. Furthermore, the results of this sensitivity 
test on the judgement of tumor and hostal cells were well paralleled with 
the anticancer effectiveness in case of MMC, CMA and 5 FU. However, this 
in vitro test was in disagreement with the in vivo results in case of CPA. 

This different result with CPA may depend on the action of the drug, 
the rate of distribution and excretion from the body; CPA is inactive in vitro 
and is metabolized to an active form in the liver41>, lung or kidney42l and then 
the active form is rapidly cleared from the body43l, and it has been stated 
that sensitivity to CPA is cell cycle dependent44l and is determined by the 
proliferative state of a cell population45>. However, a high deviation index of 
solid tumor in vitro may indicate a possibility that CPA was activated by 
various factors except tumor cells, since the ascites form did not activate 
CPA; Activation of CPA may be due to the presence of interstitial tissue of 
solid tumot46l. 

Some difference in the sensitivity to 5 FU may depend mainly on the 
short incubation period in vitro, because 5 FU interferes competitively with 
several metabolic processes but most prominently, after its conversion to 
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nucleoside, with the enzyme of thymidine synthetase471 - 49>. Again, the differ

ence may also depend on a fraction of cells in the proliferative state50>51>, sicne 

5 FU is much less active on cells which are in a non proliferative state52>. 

The wide sensitivity of MMC against the tumor cells in vitro may depend 

on direct cell damage since MMC is a short acting cytocidal drug, while the 

sensitivity may be modified in itself by an action of the agent as "lysosome 

labilizer". However, at the molecular level, it seems to cause a specific block 

in DNA synthesis and to have little effect on protein or RNA synthesis53> - 55>, 

whereas, at high levels of the agent, cellular RNA and protein synthesis are 

also suppressed 56>. There have been recently some reports that sensitivity to 

MMC is to some extent, but not entirely, correlated with the abscence of 

"host cell reactivating enzymes"57>58> and their effect on cross-linked DNA 

and with the degree of DNA cross-linking59>. Accordingly, the relation of 

mitomycin-induced degeneration of DNA to the primary action of the anti

biotic is not certain, but the phenomenon that MMC kills the cells directly 

or acts on the cells as lysosome labilizer will be a secondary one, since there 

is more than one metabolism responsible for sensitivity to MMC. 

The weak sensitivity to CMA may depend on the short incubation time 

in vitro in this experiment, since the response to the drug is said to be 

characterized by late destruction of tumor cells60> and a specific inhibition of 

RNA, probably as an inhibition of nuclear RNA synthesis61>. In addition, CMA 

may directly inhibit the release and activation of lysosomal enzymes, especially 

acid phosphatase, in tumor cells. 

CONCLUSION 

Judging drugs having different actions at the same dose level and with 

the same incubation time in vitro still remains a problem to be solved, in 

any attempt to translate from model systems in design of human clinical 

trials62>63>. However, this method appears simple and worthwhile m the drug 

selection for cancer chemotherapy, and a short acting drug such as MMC will 

be clearly anticipated for the effect of drug on tumor as well as side effects 

by this method. 
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