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Many reports®®91011) have been published on the growth pattern of malignant tumor since

Collins et al”, observed the X-ray film of lung tumors. According to them, the tumor showed expon-

ential growth to a certain size. But we have rather small chance of observing the exponential growth,

since in tumor bearing patients we generally observe the tumors which have already grown to a

considerable size, and since the growth rate is slowed down with the enlargement of the tumor.

This is so easily understandable pathohistologically that we need not repeat it here. It is also well

known that in relatively smaller tumor of the early stage as well as in large one, the constituent cells

do not show uniform growth in each part. Therefore the terms of “the exponential growth of tumor”

should mean an approximate or average fact concerning a population of cells which have varying
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growth rates in different parts. It seems rather meaningless toapply the definite formula to the
growth of the tumor which is irregular and dependent on complicated factors such as a variety of
tumors, the essential nature, interactions between tumor itself and its host and between constituent
cells themselvesP#HODILID) - In order to clarify these points authors attempted to observe the mode
of growth of Yoshida sarcoma (hereafter referred to as Y.S.) which was transplanted subcutaneously.
Then they found that the growth rate was higher in the peripheral thin layer of the tumor, and that
the central part, which manifested chiefly necrosis, was inactive. ' In the basis of this fact and along
the line of the Mayneord’s consideration authors obtained some findings of interest. The object of

this paper is to report on them.

Experimental materials and methods:

I. Growth curve '

Wister rats received subcutaneous transplantation of 108 cells of Y.S. in the right side of abdomen.
Then the daily averages for 3 diameters of the tumor were plotteﬁ to obtain the growth curve. The mean
generation time T at each time point was evaluated from this curve.

2. Histological examination :

The tumors were removed at 4, 5, 6, 7 and 8 days after the subcutaneous transplantation of 10° cells,
and samples 2 p—3 y thick were prepared, and stained with hematoxylin and eosin to make microscopical
observation. ) -

e Autoradiograph;}:" =

Wister rats received sub'éu.taneous transplantation of 108 cells of Y.S. in the right side of abdomen, and
4,5,6,7 and 8 days later the turnors were removed. Their slices were put into the incubating tube of inside
diameter 2 cm together with 1 cc of Eagle’s medium, added 10%, calfserura and 1—3 1 Ci of 3H thymidine
(3H-TDR) at a specific activity of 2.5 Ci/mM and the whole was incubated in a water bath at 37.5°C
for 1 hour. After the incubation in vitro labeling, the tumor slices were washed with water for 5 minutes,
fixed with 109, formalin for 24 hours, and embedded in parraffin, then histological samples of 2 to 3
thick were prepared. - Fuji ET-2E stripping films ‘were put-on the saraples, desiccated at room tempera-
ture, and after 2 weekstexposure in a -dark box at 4°C, the samples were subjected to development and
fixation. Then they were washed with water for 12 hours, §tained with hematoxylin, embedded with bal-
sam, and microscopically examined. Labeling index (numbers of labeled cells perr 100 cells, hereafter
referred to as 1.i.) was measured of the bandforming part as deep as 100 . from the surface of the sample
at | mm intervals. From this value 5 was calculated according to the Mayneord’s model®. In the cell
count, since histiocytes and fibroblasts were not distinctly discernible, both were totalled as a back grouncd

counting which was 5 grains or less in a cell, those counting above 6 grains were scored as labeled cells.

Results
1. Growth curve (shown in Fig. 1.):
The growth curve for subcutaneously transplanted Y.S. was not exponential but linear as long as on
4 to 8 days after the transplantation. The doubling times (hereafter referred to as d.t.)on4,5,6,7 and 8
days after the transplantation, measured from the curve!'®, were 29, 34, 39, 45 and 51 hours, respectively,
becoming longer with the lapse of days. If the tumor growth were exponential, d.t. would be constant.

Since d.t. was not constant but became gradually longer in the present experiment, the growth of the Y.S.
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tumor should be considered linear as to the diameter or radius of the tumors.

2. Histological examination:

Microscopical examination of the sample of the subcutaneous Y.S. revealed that with enlargement
of the tumor, necrotic focus was produced in its center, and gradually increased in size. It seemed that
only the peripheral part which thickness was about 0.1 to 0,15 cm at all the stages continued active growth.
But the demarcation between the necrotic and active part was not distinct, and there was a border zone

between them where the active cells were scattered among inactive cells.

Table 1 Doubling times of Y.S. tumor
transplanted subcutaneously

Days after | Radius — T+ Tk !
transplantation| (cm) L (hr) (hr) Fig. 1. Growth curve of Y.S$. tumor
4 0.35 0.37 31 29 10k
5 0.42 0.33 35 34 e
6 0.48 | 0.30 | 38 39 c ’
7 0.55 | 0.28 | 42 45 5 o
8 0.62 | 0.25 | 46 51 Sasl /}/E/
= ca]cul‘atexi by the 1 {R*— (R—D)?} s —Y/i’
equation ! R? 9 e
+*® lculate = 9 L
caleulated by the 4 gogx 2. 3 -
s cstimdted from the Fig. 1. t -~ transplantation of 107cells
I, : mean value of a labeling index. 0 z 4 6 '8
L : measured value of a labeling index. Days after transplantation
D : thickness of a peripheral active zone of
tumor.
T * mean generation time or doubling time.
ts : duration of phase S.

3. Autoradiographic examination:

The autoradiogram of the tumor sample labeled with 3H-TDR in vitro was microscopically examined
to obtain Li.. The value was nearly the same (0.45) in the active peripheral part of all the cases, but the
central necrotic part did not show any 3H-TDR uptake, Computation by the Mayneord’s model from
Li. (0.45) and the thickness of the active part, D (0.12 cm), gave 31, 35, 38, 42, and 46 hours for the tumors
at 4, 5, 6, 7 and 8 days after the transplantation, respectively. They are substantially in agreement with

the values estimated from the growth curve.

Discussion

The histological fact that growth activity of the subcutaneously transplanted Y.S. was higher in its
peripheral part of a constant thickness and became steeply lower in the central part, gave qualitative
evidence in support of the fact that when the daily measured diameters of the tumors were plotted, the
obtained growth curve was approximately linear as shown in Fig. 1. This point was further treated quan-
titatively after Mayneord®. By the procedure as described in the section of experimental method, s
at various days after the transplantation were obtained from L and then T’s from L’s. And these values
were compared with d.t.’s obtained from the growth curve representing the measured values. It was

to be in good agreement between them, It can be said that these T’s conversely indicate that the thick-

— 30 —



B 434104 25H 989

ness of the active peripheral part of the tumor is almost constant regardless of the lapse of day, and that
growth of the cell in this part is asynchrous and exponential. In effect, Li. of the peripheral part obtained
autoradiographically by the use of 3H-TDR was 0.45, which is nearly equal to that of ascites. But,
Oechlert et al.® found 0.384 for the peripheral part of subcutaneous Ehrlich ascites carcinoma, 0.172

for the central part, and 0.288 for ascites cancer.'®

Summary
Growth of subcutaneously trasplanted Y.S. was daily observed for 8 days, and it was found that the
growth was active in the peripheral part of about 0.1 to 0.15 cm in thickness, that the growth rate was
abruptly lower in the inner part, that the growth was not exponential but linear as to the radius of the tu-

mors, and that the model suggested by Mayneord could be well applied to the present experiment.
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