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Tumor Tissue Structure and Radiosensitivity
II. Mammary cancer in C3H/He.Ms. strain mice
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Introduction

It is considered that radiosensitivity is higher in turnor cells adjacent to the blood vessel and lower
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in those far away from it. In our previous work!® we investigated solid type Yoshida sarcoma in rats
and methylcholanthren-induced sarcoma in mice, and reported that the tumor cells adjacent to the blood.
vessel or muscle bundle showed higher radiosensitivity as well as vigorous growth, while those away from
them were lower in both radiosensitivity and growth rate.  These experimental data were confirmed also
in human cancers of uncomplicated tissue structure such as carcinoma simplex and fibrosarcoma. In
these tumors, therefore, oxygen concentration in tumor tissue and pro[xferatzon potency of tumor ceils
were important factors determining the sensitivity.

We know that in radiation therapy the effect is generally elevated when the tumor tissue is su; fficiently

supplied with oxygen.D»OOBINIDIDININIZHLN [ some types of tumor, however, especially in
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adenocarcinoma, it is said®® that good effect can not be expected so much by oxygen supply. It has
further been pointed out that the so-called “Non-growth fraction”, that is, a tumor cell population which
has stopped growth, is extensively present in mammary cancer which develops spontancously in C;H
strain mice.!1% This suggests that in adenocarcinoma the factor modifying the sensitivity may be
defferent from that in Yoshida sarcoma or MC-induced sarcoma.

In the present experiment, which aims to elucidate this point, spontaneous mammary cancer in C;H
strain mice was transplanted into the thigh muscle of the same strain mice, and the first generation tumor
was examined with respect to relation between histological feature and radicsensitivity. Moreover,
autopsied cases of human tumor were also referred to.

The results disclosed that tumor cells which were considered to pertain to “Non-growth fraction”
were frequently present in the tumors with strong tendency of differentiation, forming the single-layered
glandular lumen, and that they were also resistant to radiation. On the other hand, the part considered
as “Growth fraction” was found lacking in normal tissue imitativeness and showing solid proliferation and
higher radiosensitivity. It was further known that mammary cancer of mouse which showed regression
to a certain extent after several fractionated irradiations, but which thereafter remained in a dorm-
ant state showing neither regression nor growth, mostly possessed a differentiated glandular structu-
re. In adenocarcinoma, therefore, the sensitivity can not be considered dependent exclusively on the
blood vessel, but is assumed to be determined more emphatically by “Differentiation” of the tumor cells.
Differentiation generally reduces the sensitivity, but when some alteration is elicited in the environmental

condition, differentiated cells are capable of resuming growth, thus becoming the cause of relapse.

Materials and Methods
Animals: C;H/He.Ms. strain, 6-8 weeks old male mice propagated in our department by mating
the litter mates.
Tumor: The first generation tumor obtained by transplantation of mammary cancer, histologically

papillaiy adenocarcinoma, which developed spontaneously in mice during breeding in our department.
Transplantation: Tumor-bearing mice were sacrificed, the tumor tissues were crushed on a double

stainless steel net, suspended in Eagle’s solution, and the resultant tumor liquid was transplanted into the
thigh muscle of normal mice. Each suspension contained 107 cells.

Irradiation: Tumor-bearing mice were anesthetized with thiopental sodium, each placed in a lead
box, and the tumortransplanted right hind limb alone was made to put out of a hole to be exposed to
irradiation. Specification of radiation; 180 kv, 25 mA, 0.5 Cu - 0.5 Al, 20 cm, 10 x 5 cm?, 1 mm Cu,
319 R/m.

Histologic section: The irradiated tumor-bearing animals were sacrificed at adequate times, and the
tumor tissue after fixing in a 109, buffered formalin or Carnoy solution, and embedding in paraffine, was
cut into thin sections, which were stained by H.E., PAS, Mallory, Van Gieson, PTAH staining and PAP
impregnation for microscopical observation.

Microautoradiography: The tumor bearing mice intraperitoneally injected with 1uCi/g of *H-
thymidine, and 45 minutes later sacrificed to take out the tumor. After formalin fixing and paraffine
embedding, it was processed by the dipping method using Sakura NR-M, emulsion, and poststained with

methyl-green pyronin.
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Results

1. Histological picture of the transplanted tumor
Mammary cancers, spontaneously developing in CyH/He.Ms. strain mice, can all be classified under
the category of adenocarcinoma. Detailed examination of each individual case of them, however, reveal-
ed variation in their growth rates and histological pictures. The tumors used in the present experiments
appeared to form a carcinoma simplex-like solid cell population with sporadic formation of cysts and

glandular lumina and had a weak tendency of differentiation.

Fig. 1. Growth curve of mammary cancer Fig. 2. Regression and regrowth curve of the
transplanted into the thigh muscle in C,H tumor irradiated with 1000 R

strain mice !
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About 20 days after transplantation into the thigh muscle, the tumor became palpable, and then
became swollen as shown in Fig. 1 until at last its diameter attained 25 mm. The histological picture was
similar to that of the primary cancer, being divided into two portions—one exibiting carcinoma simplex-
like solid growth, and lacking normal tissue imitativeness, and the other having marked formation of
glandular lumen, and being regarded as differentiation-type adenocarcinoma. There were however,
transitional picture between them, and the difference seemed not essential. In the portion of the car-
cinoma simplex like structure, mitosis was remarkable, giving mitotic index of about 29 ; also uptake of
SH-TDR was observed in over 30% of the total tumor cells. In contrast with this, the portion with
grandular structure gave lower mitotic index and this value varied in different parts. Especially, mitotic
index and ®H-TDR. uptake were lower in the tumor cell population showing gland epithelium-like dis-
position, being below 109, of those in the population of the simplex cancer-like structure. Growth picture
of capsular epithelial cells, tumor cells, of the cysts, containing colloidal protein fluid, was scarcely
visible. (Photo 1).

Relation between the blood vessel within the tumor tissue and proliferation potency of the tumor
cells was not so clear in this tumor as in the solid-type Yoshida sarcoma or in MC-induced sarcoma, since
the whole of the tumor was richly vascularized.

As for the relation between the size and histological picture of the tumor, no evident change was
visible in the latter while it grew from the palpable state to the size with thickness of 16 mm. When the
thickness was over 16 mm, secondary changes such as hemorrhage and infection were added, and the
picture was considerably variable from tumor to tumor. Therefore, in the present experiments, irradia-

tion was commenced as a rule when the thickness of the tumor was 12 mm + 1 mm.
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Table 1. Time necessary for showing minimum diameter of tumor

after irradiation with 1000 R

Days
1 2 3 4 Total Mean
No. of Tumor 6 2 3 4 15 2.3 + 1.3 days

Table 2. Time necessary for returning to the initial size after
irradiation with 1000 R

Days
4 5 6 7 8 9 10 Total Mean

No. of Tumor 1 1 2 5 3 1 2 15 7.3 + 1.6 days

2. Temporal change in histological picture after single exposure with 1000R.

When 1000 R irradiation was applied to the tumor, the majority showed regression and regrowth
curve as shown in Fig. 2, though time necessary for regression and regrowth were varying in different
individual tumors (Tables 1,2). Examination of this curve with reference to the histological picture
revealed that at 3 hours after irradiation only inhibition of mitosis but not destruction of the cells took
place, and that at 6-12 hours, degeneration and destruction were under way. This was especially pro-
minent in the portion of the carcinorna simplex-like structure exhibiting vigorous growth. But at these
time, shrinkage of the swelling was not yet visible. After 24 hours, however, the swelling began to be
shrunken, and in the histological picture, resorption of destroyed cells and consequent formation of in-
tercellular space became visible. But no remarkable change was observed in the tumor cell group of
glandular structure. After 48 hours the tumor had shrunken to the minimum size in many cases, and
in the histological picture, the destroyed cells had already been absorbed, and the typical adenocarcinoma
with marked glandular structure was demonstrated. At 3-5 days after the irradiation, mitotic figure
began to appear in the tumor cells of glandular disposition, and the tumoragain started to grow. When
the swelling returned to the initial size, that is, the size at the time of irradiation, the tumor cell popula-
tion of the carcinoma simplex-like structure with vigorous growth reappeared, and the histological picture
returned to the preirradiation one. (Photos. 2, 3, 4).

Differentiated tumor cells which were mingled in the tumor tissue showed decrease both in growth
rate and the sensitivity. They were, however, assumed to have potency to start vigorous growth again
when the environmentturns favorable for them.

8. Histological picture of tumor assumedly in “dormant state”

When the tumor transplanted into the thigh muscle attained 12 mm <+ 1 mm in thickness, 2500

Fig. 3. Regression and regrowth curve of the tumor irradiated
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R/10 days irradiation was administered in combination with intra-tumor injection of Ametohepazon!?27,
which has sensitivity-increasing effect. And the tumor was brought to a state, though during a short
period, in which neither growth nor regression occurred, as shown in Fig. 3. This can be considered as
a dormant state. Autopsy during this time (Fig. 3 +) disclosed the tumor with rough surface owing to
the presence of vesicles. Histologically, tumor cells exhibited conspicuous differentiation with pro-
liferation of fibrous connective tissue and formation of glandular lumen, but the growth picture of the
tumor was not seen at all. And the portion of the carcinoma simplex-like structure had almost disap-

peared. (Photos. 5, 6).

Discusssion

Radiosensitivity of tumor was reported in our previous paper!® to be dependent on special relation
with the blood vessel, and in the present paper, on the grade of its differentiation. And in both cases,
sensitivity was higher in the portion of vigorous growth, and lower in the portion of suppressed growth. In
the mammary cancer of CyH strain mice, the sensitivity was lower in differentiated tumor cellseven if they
were found adjacent to the blood vessel, indicating that oxygen effect might not be significant in this case.
Therefore the important problem in the radiotherapy of tumor containing differentiated cells is not how to
elevate oxygen concentration in the tumor tissue but to find out the factor which controls cell differentia-
tion and to apply it to the therapy. According to Bullogh et a/®., it is a substance called Chalone which
controls differentiation and mitosis of the cell. They explain that when the concentration of Chalone is
higher, progenitor cells turns mature cells, and that when the concentration lowers, mature cells returns to
progenitor cells. We did not attempt in the present experiment to demonstrate the presence of Chalone,
but the finding we obtained was phenomenally in conformity with their suggestion. Namely we found
that the tumor cells remaining after the irradiation had strong tendency of differentiation and low growth
potency, but that in the stage of relapse, the differentiated cells were on the way of transformation into
undifferentiated cells with marked tendency of proliferation. We considered that this fact could be
applied to therapy in the form of fractionated irradiation. We practically attempted it and found it evid-
ently significant!®,

Using ®H-thymidine Mendelsohn!#1® autoradiographically examined spontaneous rmammary
cancer in CyH mice, and pointed out that among the living tumor cells were found about 709, cells which
had stopped growth. In our experiments, in which pulse labeling was made, *H-thymidine uptake was
not ampule in differentiated tumor cells, and there were only small number of labeled cells. Probably
these differentiated cells may play the principal role in the Mendelsohn’s non-growth fraction.

Now we want to consider about dormant cell?®. There are cases of human cancer, which relapse
several years after treatment. This is difficult to explain without assuming that they have a period during
which the growth is stopped, or they need a long time in passing to the next generation, that is, they have
a dormant state. In our present experiment we succeeded to produce a tumor which exhibited neither
growth nor regression during a period though it lasted only about 20 days. It consisted of perfectly
differentiated cells. The notion of dormant cell is not yet definitely established, and we can not hastily
regard it as differentiated cell. It is, however, possible that a differentiated cell as a kind of dormant
cell may become a cause of the future relapse of the tumor.

It is said that the characteristic of the primary tumor is gradually lost as it is transplanted through
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successive generations'®#®,  Since we used the tumor transplanted into the thigh muscle we may natural-
ly suspect that it can not represent the genuine nature of the tumor. It is, however, accepted that the
characteric of the primary tumor is retained relatively well as long as 3 generations. We examined the
tumors of the first generation after transplantation, and histologically they were not different from the
primary tumor. Consequently there seems to be no question as to the alteration resulting from the trans-
plantation. It is, however, questionable whether the data obtained from the mammary cancer of the C;H
mice can be considered as inherent to the adenocarcinoma in general inclusive of human cancer. So
we are now carrying out investigation on this point with huraan cancer. Up to date, the autopsy findings
in our department supported our results from experimental animals. Below are given 2 case reports.

jase 1. A 53 years old female. Pulmonary cancer originated in the right main bronchus. The
hilar portion including the primary focus was irradiated with 4200 R/61 days of %Co. Ten days after
the termination of the irraciation she died owing to metastasis to the whole body. It was found at autopsy
that the pulmonary metastatic tumor in the non-irradiated area showed solid growth of near circular or
elliptic shaped cells with rich chromatin, only partially manifesting glandular structure, whereas in the
irradiated tumor tissue, fibrous connective tissue was markedly proliferated, and in it was seen remnant
of the tumor tissue with conspicuous glandular structure. This seems to indicate that the tumor cells which
were differentiated to form glandular structure were resistant to irradiation. (Photos. 7, 8).

Case 2. A male aged 56, with stomach cancer complicated with peritonitis carcinomatosa. Irradia-
tion with 2400 R/17 days of ®°Co failed to bring about either regression of the tumor or decrease in ascitic
fluid. On the 3rd days after the final irradiation, he died owing to general asthenia. Autopsy disclosed
that the tumor was typical signet-ring-cell mucoid carcinoma consisting mostly of PAS-positive signet-ring
cells, and that metastatic foci were extensively formed in the pancreas, liver and lymph nodes. The
findings indicative of the effect of irradiation could not be found in the PAS-positive cells, but PAS-nega-
tive cells observed in some parts of the liver and pancreas exhibited a picture of severe degeneration includ-
ing pyknosis and destruction. The lower sensitivity of the PAS-positive cells may be attributed to their
mucous degeneration or to their being highly differentiated to produce mucous. We are inclined to the
latter view because we observed the mitotic figure in the PAS-positive signet-ring cells, and because cul-
ture of ascitic tumors inclusive of the above mentioned case which was performed by Satoh ef al?2., of our

department showed mitoses and proliferation of PAS-positive cells. (Photos. 9, 10, 11, 12).

Summary

Histological investigation was performed on the relation between tissue structure and radiosensitivity
of tumor. The materials are tumors of the first generation after transplantation of the spontaneous mam-
mary cancer of CgH/He.Ms. into the thigh muscle of mice of the same strain.

Histologically, the used tumors were adenocarcinoma of relatively lower differentiation, consisting
mainly of solid proliferation of cubic or cylindric cells with near circular nuclei, and partly forming
glandular lumen. In a group of the tumor cells, exhibiting carcinoma simplex-like solid proliferation,
the growth was vigorous and the radiosensitivity was higher, while in the other cell group, exhibiting gland-
ular structure and tendency of differentiation, the growth potency as well as the sensitivity was lower. In
the previous experiments'® with Yoshida sarcoma and methylcholanthren-induced sarcoma we observed

that there was correlation between growth potency and radiosensitivity of tumor and that this was depen-
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Mammary cancer in C-H/He. Ms. strain mice

Photo. 1. Non-irradiation. Carcinoma simplex- Photo. 2. At 18 hours after irradiation with
like structure at the left and glandular structure 1000 R, typical glandular structure are seen

at the right are seen. remarkably.

Photo. 3. At 3 days after irraciation with 1000 Photo. 4. The same section as the left. Mitotic
R, carcinoma simplex like structure with vigo- figures appear in the cells of glandular stru-

rous grow th reappear. cture,

Photo. 5. The tumor which is considered as a
dormant state shows conspicuous proliferation
of fibrous connective tissue and formation of
glandular lumen. Photo. 6. Detail of the same as the left.
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Case | Lung cancer
Photo. 8. Irradiated part with 4200 R.

Case 2. Stomach cancer

Photo. 9. Non-irradiated PAS-positive tumor Photo. 10. Irradiated PAS-positive tumor cells
cells. show no change histologically.
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Photo. 11. Non-irradiated PAS-negative tumor Photo. 12. Irradiated PAS-negative tumor cells
cells. exhibit a picture of severe degeneration.
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dent on the distance between tumor cells and the blood vessel. In the mammary cancer of C;H/He.Ms.
mice, however, the sensitivity was not always determined by the distance from the blood vessel, but the find-
ings indicated that it was rather the differentiation of the tumor which played a more important role in
determing the growth potency as well as the sensitivity of tumor. Now we are continuing investigation
on human cases in order to know whether the findings obtained from the mammary cancer of C;H/He.

Ms. strain mice are inherent to adenocarcinoma in general.
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