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Cytological Studies on ,Cancer 

II. Daily Observations on the Mitotic Frequency 
and the Variation of the Chromosome Number 

in Tumor Cells of the Yoshida Sarcoma 
Through a Transplant Generation!) 

By 

Sajiro Makino and Kyoko Kana 

(Zoological Institute, Hokkaido University) 

(With 37 Figures in 2 Plates) 

The mechanism of the malignant growth of the tumor is a matter of 
fundamental importance as well ClS of primary concern in cancer research. Although 
surprising advance has recently been made in this field of cancer pathology as 
presented in a good many important reports, the state of knowledge still seems 
inadequate for clarifying many important problems growing up around this subject. 
A new approach to these fundameEtal problems, however, will be opened to a con­
siderable extent by research in the field of cytology, especially by the study of 
chromosomes of the tumor; much confusion underlaying these points has remained 
unsolved. 

Based on the daily analysis of the frequency of mitotic abnormalities 
occurring in the Yoshida sarcoma, the findings reported in the previous study suggest 
that cells which are unoergoing a regular division with well-balanced sub diploid 
chromosomes plav a sigl)ificant role in the growth of the tumor (Makino and 
Yosida 1951). The data presented in that paper were obviously scanty; therefore, 
it was premature to attempt any conclusiye statement concerning the phenomenon. 
The present study was undertaken with a view to further confirm the previously 
reported evidence, through close observations of the mitotic rate of tumor cells. 
Observations were carried out in close connection with investigations of the chromo­
some constitution in the Yoshida sarcoma. 

The herennder described observations were made using smear preparations 

1) Contribution No. 255 from the Zoological Institute, Faculty of Science, Hokkaido 
University, Sapporo, Japan. 

Jour. Fac. Sci. Hokkaido Univ. Ser. VI, Zool. 10, .1951. 
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daily prepared according to the procedure as follows: The smear was made from 
a droplet of the tumor asdtes once a day from a certain tumor rat through its whole 
life, starting with the first day after transplantation up to the last day at intervals 
of ahout 2.1 hours. The slides tll1lS pff'paren were stainen aftC'l hoth Giem~a's and 
acetocarmine methods. Accurate observations concerning chromosomC's were made 
exclusively in the acetocarminc preparations. The present stl1d~J was based on 
material derived from tumors transphnted in three different indiyiduals of white 
rats belonging to the purely hred \\'istar strain. 

The authors' cordial thanks are dne to Mr. Tosihide H. Yosic1a and Mr. 
Tatsuya Tanaka for their kind assi"tance in thC' course of this study. This paper 
constitutes a part of studies carried out with the aid of grants from the 'Kagaku­
kenkyu Fund' and also the 'Kagakushiken-kenk~'u Fund'., hoth out of the Ministry 
of Education. 

General course of the growth of the Yoshida sarcoma 
in a transplant generation 

By intraperitoneal introduction the ascites sarcoma grows in the new host 
and leads the diseased animal to death in 12 days on an a\'erage. General course 
of the growth of the tumor is as follows: 

The tumor ascites inoculated in the new host in successive transplantations 
contains two types of tumor cells (Fig. 25). The one comprises relatiyely large 
cells generally characterized by a considerable amount of cytoplasm and a large 
nucleus of bilobed or kidney shape, or sometimes of very complicated form. Giant 
cells containing huge nuclei of biLarre outline arc of frequent occurrence in this 
typC'. The other comprises small cells which are remarkable for their very small 
amonut of cytoplasm and a rather spheric a I, well-defined nucleus of compact 
appearance (Fig. 2~) ; both the cytoplasm and nucleus are intensely basophilic in 
staining. 

Following the transp1antation of the tumor ascites, a great many t11mor 
cells introduced into the peritoneal ca vity of the new host seem to undergo degenera­
tion, since the cells in the course of disintegration and thos(' showing various 
abnormalities appear at a high rate (Fig. 2-1). The dividing cells are Yery few. 
The majority of these degenerating cells are largr: in siztc. Thtc mitotic ilgnrtcs of 
tumor cells make their gradual appearance about 24 hours after transplantation. 
The number of dividing cells progressively increases with tllt' passage of time. On 
the 3rd or 4th day after transplantation, the peritoneal fluid of the host seems tn 
be in the most favorable state for proliferation of tumor cells and the latter proli­
ferate very rapidly under this circumstance. Towards the midnle part of the life 
span of the tumor animal, that is, on the 5th or 6th day the cells undergoing mitosis 
are seen to be mo~t. numerous. Then, th<,y begin gradually to decrease with time 
towards the latter part of the life span. In corrf'lation to the decrease of the 
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dividing celis, cells showing mitotic abnormalities and disintE'gration increase in 
fr'"Cluency. The tumor ascites proportionally shows a remarkable accumulation. 
Nearing the last day of the host animal's life, dividing cells suddenly descrease in 
number. In striking contrast, the crlls shovving abnormalities as well as those of 
disintegration appear at a remarkably high rate. By this time the accumulation 
of the tumor ascites reaches an enormous amount with a great expansion of the 
abdomen of tlte tumor animal. Mingled with th':'se degenerating cells, there occur 
in the tumor ascites a number of resting cells, which are characterized by their 
small size containing a small amount of cytoplasm and well-definpd, basophilic: 
nuclei (Fig. 2n). The malignant growth of the tumor having reached this stage 
leads to the death of the host animal. 

Observations 

1. Rate of mitosis in a transplant generation 

The rate of mitosis in tumor cells was observed with the daily material through 
the whole life span of certain tumor rats. For convenience of description, the 
entire life span of the tumor-bearing animal was divided into three parts, namely 
the early, middle and latter parts. Viewing the whole material the mitotic 
frequency in tumor cells is seen to show a slight variation day by day, and also 
according to irdividuals. But, there is observable a characteristic tendency in 
tumor cells of this sarcoma with respect to the mitotic rate. 

The specimen here to be considered died on the 16th day after transplantation 
of the tumor. Two thousand tumor cells were observed every day through the 
entire period of the life of the tumor-bearing animal, and the daily frequencly of 
dividing cells covering those of late prophase, metaphase, anaphase and telophase, 
was calculated in percentage on the basis of the above data. The results are given 
in Table 1, and graphed in Chart l. 

Referring to the data presented in both Table 1 and Chart 1, it is apparent 
that the number of dividing cells shows a gradual increase from the early pari. 
continuing towarcls the middle part of the life span. The rate of mitosis forms a 
peak curve through the middle part, decreasing gradually towards the latter part. 

Table 1. Daily frequency of mitotic cells in a tumor rat. The percentage of 
dh-jcling cells was calculated on the basis of 2000 cells per day in the observation 
through a transplant generation. 

Days after 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 transplantation 

.~--. 

16 

.------~~---------. ---.~-

% of 
1.7 4.4 4.6 :1.8 40 4.4 3.9 3.2 3.0 3.3 :12 1.9 0.5 0.4 0.8 0.2 dividing cells 
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Another example likewise represents a similar result, df~cribed in tIl(' paper of Kana 
(951). 

"tl 
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2 3 4 5 6 7 8 9 to II 12 13 14 I" In 

Days in a transplant generation 

Chart l. Graphical representation of the daily frequency of mitotic cells in a 
transplant generation of the tumor rat, based on the data in Table l. 

In the next observations based on the same material as above, attention 
was paid to the daily frequency of the cells with wcll-balancfd subdiploid chromo­
somes having an ordinary metaphase configuration. The daily frequencies of the 
regularly dividing cells at metaphase, together with those of abnormal metaphase 
cells, were calculated on the basis of the total number of metaphase cells in the 

Table 2. Daily frequency of the cclls at metaphase, based on the san1e 
material as gi,"cn in Table 1. The percentage ,'"as calculatc(1 on the basis of the 

total number of metaphase cells observed every day. 

I 
I I I Total number of 

Days after Regular cells at Irregular cells at Disintegrating I metaFhase cells 
transplanta- metaphase 

I 
metaphase I cells at mataplJase ' observed 

tion I , -- -

I 
Number o. I 

~llmber % I Kumbcr % "'umber % 10 I 
--~-~-~- ._-

1 18 ~).O fiO :lOO 122 61.0 200 100.0 
2 92 383 I'" ~'* SI.7 24 10.0 240 100.0 
:3 86 :'15.8 125 52.1 29 12.1 240 100.0 
4 79 :35.6 III 50.0 :32 14.4 222 1000 
5 80 35.6 100 44.4 45 20.0 225 100.0 
6 104 40.5 106 4l.2 47 18.:'1 257 100.0 
7 57 30.8 75 40.6 5:3 28.6 185 100.0 
8 40 29.0 42 :'104 56 40.6 1:'l8 100.0 
9 65 31.7 104 50.7 :'16 17.6 205 100.0 

10 90 :'123 127 45.7 61 22.0 278 100.0 
11 51 23.6 64 :'10.2 98 46.2 212 100.0 
12 
~ 15 8.5 71 42.5 81 45.5 167 100.0 

16 
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daily observation. The results are giYen in Table 2.1) 

The data presented in Table 2 indicate that, on the first day after trans­
plantation of the tumor the number of cells with well-balanced subdiploid chromo­
somes is extremely small, whereas cells showing abnormalities appear in a consider­
ably large number. The frequency of cells with well-balanced chromosomes shows a 
remarkable increase with time, and during the middle part of the life span, namely 
on the 5th to 7th day after transplantation, they are found in an enormous number. 
It is by this time that the most actiye growth of the t1llYlor is attained, with a pro­
nounced increase of the tumor ascites. Towards the latter part of the animal's 
life, the chromosomally well-balanced cells sbow a gradual decrease in number, 
being replaced by cells showing mitotic abnormalities which show a gradual increase 
in number. On the 11 tll day, or later, after transplantation, the cells showing 

0' 
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..!!l 
<: 
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10 

Days ') 4 7 8 JO 11 12-16 

Days 111 a transpbnt guwralton 

Chart 2. Graphical representation of the daily frequency of regularly dividing 
cells at metaphase, observed through a transplant generation, based on the data 
in Table 2. From the same material as used in Chart L 

stickiness or coalescence of chromosoll1es, or disorganization of chromosomes 
appear at a strikingly high rate, in remarkable contrast to the low frequency of 
cells with subdiploid chromosomes. 

1) In Table 2, the metaphase cells were classified into three types. Regular meta­
phase cells include the cells with a well-balanced subdiploid chromosomes, showing a regular 
feature and equatorial arrangement. The cells showing abnormal arrangement and aberrant 
number of chromosomes are designated as irregular metaphase cells. The disintegrating 
cells are those showing stickiness and coalescence of chromosomes, or disorganization of 
chromosomes at metaphase. 
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Table 1 indicated that the number of diyic1ing cells shows a gradual increase 
from the early part continuing towards the middle part of the life span of the tumor 
animal, and decreases gradually towards the lattc'r part. TIl(' data pn'sented in 
Tahle 2 run parallel to the above; that is to say, the frequency of chromosomally 
well-balanced subdiploid cells shows again a gradual increase from the early part, 
being high during the middle part, and decreases gradually to\vards the latter part 
of the life span. In other words, along with the increase of dividing cells, the 
frequency of cells with sub diploid chromosomes also increases, and the decreases of 
the former again responds to the decrease of the latter cells. This is well under­
stood by reference to Charts 1 and 2, in which are found two curves running nearly 
parallel. Obviously, the cells showing mitotic abnormalities are unable to continue 
active multiplication and therefore they cannot affect the growth of the tumor. 
Thus, from the comparison of the data presented in Table 1 (ann Chart 1) and 
Table 2 (and Chart 2), derived from the same material, the conclusion may be drawn 
that, among the dividing tumor cells, those with wpll-balanced subdiploid chromo­
somes playa significant role in the multiplication of cells in the growth of the 
tumor. To state the point otherwise, the multiplication of tumor cells in the new 
host in successive transplant generations is primarily attributable to the chromo­
somally well-balanced subdiploid cells. Obviously, these well-balanced cells show 
nothing unusual in either e(luatorial arrangement or constitution of chromosomes, 
and are (luite regular in behavior just as occurs in normal cells.!) Thus, the chromo­
somally well-balanced cells which arc apparantly regular in respect to their 
chromosomes and in their behavior during mitosis contribute primarily to the 
growth of the tumor. E\'entually, the results of the present observations agree 
with those of the previous study cOllccming the daily frcquencies of mitotic 
abnormalities in this sarcoma. 

2. Accounts on the chromosome number 

In order to learn the chromosome number of the cells with well-ba!allcerl 
chromosomes ha\'ing an ordinary metaphase configuration, which primarily are 
concerned with the growtli of the tumor as above mentioned, tIle counting of the 
chromosomes was undertaken using the same preparations as employed in the 
above studies. Taking into consideration only the chromosomally well-balanceu. 
subdiploid cells with ordinary constitution and equatorial arrangement of 
chromosomes, the number of chromosomes was observed in the Giemsa-prepara­
tions, prepared every day through the whole life span of a tumor rat. The Giemsa­
preparations, however, yielded no difinite results as for the chromosome number, 
so that only an approximate estimation of the number, such as 30-40, was possible 
111 this case. 

1) In this respect, see the next paper (Makino 1952), 
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The results of observations are shown in Table 3. It is evident from this 
table, that in the cells with a well-balanced metaphase configuration the chromosome 
number shows a sm,lll range of \',uiation, and that cells with the chromosome 
numbers ranging from 30 to 40 are the m03t frequent of all. The data here obtained 
were confirmed by those coming from another specimen which likewise showed the 
same result, as given in Table 11. (In this case the chromosome counting was made 

Table 3. Daily observations of the chromosome numbers in tumor 
cells through a transplant generation. from the same specimen as given 
in Tables 1 and 2. (Giemsa-preparations). 

__ ~ _____ k'~ ___ ~ __ ~~ __ _ 

-------- -

Davs after 
transplantation '~20_~i" [;:~_r:~'~I60-1 

Number of cells observed I 

Total 

2 
3 
4 
5 
6 
7 
R 
n 

---12--1--18-1 --1-------'---31---

10 
11 
12 

1~ 

Total 
(:/~ 

5 21 4 30 
7 18 4 29 

13 29 1 43 
7 23 6 37 
6 15 2 24 

10 13 2 25 
9 19 10 2 40 
» 21 8 2 40 

10 22 3 35 

5 10 

209 
600 

41 
11 .7 

G 
1.7 

15 

349 
100.0 

Table 4. Chromosome numbers observed in a satnple taken Oil 

the 5th day after transplantation of the tumor. 

Number of cells 
observed 

% 

Chromosome numbers , i- --------- ---- --------1 
" 20--:l0 : :ll-40 i 41-45 I 

7 

8.75 

63 

78.75 

10 

12.5 

Total 

80 

100.0 

in a sample taken on the 5th day after transplantation of the tumor in which 
dividing cells showed the highest frequency). Study of Table 4 indicates that the 
cells having 30-10 chromosomes accounted for 78.75% in a total of 80 metaphase 
cells under observation. Based on the above facts, it may be concluded that the 
majority of the chrom:)somally well-balanced cells contain 30-40 chromosomes, 
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so far as the rough counting based on Giemsa-preparations is concerned. Therefore, 
it can be said that probably the cells which primarily contribute to the growth of 
the tumor have the chromosome numbers ranging from 30 tll 40. 

Now, the necessity arises in the next step to get as accurate as possible 
counts of the chromosome number in tumor cells. However, the Giemsa-prepara­
tions are not useful at all for the exact study of chromosomes, because they yield 
some artifacts such as temporary fusion or abnormal swelling of chromosomes 
which all hamper close observation to a great extent. The acetocarmine smear 
method, on the contrary, proved to be excellent for the study of chromosomes, 
since by this method the chromosomes at metaphase are visihle with a well-defined 
sharp outline showing no sign of irregular agglutination. The following observations 
were carried ou~ with acetocarmine smear preparations exclusively. They were 
prepared every day with the tumor ascites secured from a new specimen different 
from that used in the above observations. This rat died on the 12th day after 
transplantation of the tumor. In observation, only clear metaphase cells were 
selected in which the adequate counting of the chromosome number is possible to 
a considerable extent. The daily variations of the chromosome numbers were 
observed through 12 days, from the first day after transplantation of the tumor 
up to the last day of life. The giant cells were disregarded. Even in good plates, 
an uncertainty of ±1 could not be avoided in counting, except in very excellent 
ones. The results of this survey are arranged in Table 5. Referring to this table 
it is apparent that the number of chromosomes of tumor cells varies with a rather 
wide range: between about 22 for the smallest extremity and 80 for the largest one 
(Figs. 1-8). The variation of the number is rather gradational around a figure 
close to 40. On the whole, however, cells haying chromosomes numbering less 
than 42 are more frequent than those numbering more. The latter cells are rather 

Table 5. Daily observations on the chromosome numbers in tumor cells through a 

~rom.i ..... 

Days 
,No.: 22232425262728293031 32333435363738394041424344454647484950 

" 
1 3 4 1 5 1 2 2 2 4 2 
2 2 2 2 3 5 6 7 7 9 7 6 5 8 6 5 2 1 
3 1 1 2 2 2 3 4 4 3 5 5 6 :l 4 3 
4 2 4 5 4 3 2 6 7 5 5 7 5 1 
5 2 1 1 4 4 6 3 6 8 6 3 2 
6 2 2 2 2 2 5 4 4 6 2 5 3 1 
7 2 4 6 5 8 5 8 3 4 
8 1 1 1 3 8 6 9 11 5 
9 2 :~ 5 3 411 8 8 3 

10 2 2 3 .5 5 6 8 7 4 3 
11 1 1 2 3 4 61211 4 2 2 
12 1 1 3 3 4 5 5 4 5 7 1 

Total I 1 0 1 1 2 3 4 3 14 821 272538515360687972 39 9 7 4 3 0 0 2 
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infrequent. Also, true polyploidy seems to be very rare in occurrence or absent. 
But there appear very rarely subtriploidy showing ±60 (Fig. 7) aml subtetraploidy 
having ±80 (Fig. 8). Special attention should be paid to the fact that the tumor 
cells showing chromosome numbers which range from =1::35 to ~d2 are very frequent 
for each day. Particularly, the cells with ~18, ~9, 40 and·il chromosomes appear 
each day at a strikingly high rate (Figs. 2-6). Among tllem, cells ha\'ing 40 chromo­
somes are the most frequent, and those with 41 chromosomes rank second. This 
fact is important in that most frequently the tumor cells contain the chromosomes 
very nearly approximate in number to those of the host, Rattus lloyvegicl1s, in which 
42 diploid chromosomes were found in both germ and somatic cells (Makino 1942, 
1943, Tanaka 1951). It is also remarkable that cells with a lower cllromosome 
number than ±40 are lllorc frequent than those with larger number than ±40. 

In order to learn the daily frequency of the cells with the chromosome numbers 
38-41, the necessary data were picked out from Table 5 and arranged in Table 6. In 
this table, the total sum of c,"11s with 3~-41 chromosomes is given for each day, and 
the percentage is calculated on the basis of the total number of cells observed. 
Since the data presented in Talbe 6 are based on the clear metaphase cells adequate 
for chromosome counting alone, it is not permissible to use them as a criterion for 
comparison with those of Tahle 3. The high percentage of the cells with 38-41 
chromosomes during the latter part of the life span of the tumor rat as giYen in 
Table 6 is undoubtedly attributable to the absence of data concerning giant cells 
or cells undergoing disintegration. By comparison of Table 3 with Table 4, it 
is allowable to say that the daily occurrence of cells with 30-·10 chromosomes is 
nearly in a parallel relation to that of cflls with 38-41 chromosom8s. This implies 
that the cells with the chromosome numbers between ~m and 40 (Table :1) may be 
largely replaced, if not entirely, with those which contain appro.:-..imately 40 chromo-

transplant generation of the Yoshida sarcoma, based on acctocarminc preparations. 

51 5253545556575859606162636465666768697071727374757677787980 

30 
gO 
50 
60 
50 
50 
50 
50 
50 
50 
50 
40 

--------- ._--_ .. _._--_. __ .- ._--_. __ . 
o 1 1 2 1 2 1 0 0 2 1 0 0 1 0 1 1 1 0 2 0 1 2 2 1 1 0 0 0 1 620 
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somes. From this conception, and by reference again to the data of Tables 1 and 2, 
it follows that the tumor cells which are characterized by a well-defined, regular 
metaphase configuration, and which playa significant part in the gfCJwth of the 
tumor, have the chromosome numbers of approximately 40. 

Table 6. Picked-out data from Table 5, showing a daily 
frequency of the cells with 38-41 chromosomes. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Total 

6 
25 
18 
22 
23 
17 
24 
34 
31 
25 
33 
21 

279 

20.0% 
27.8 
36.0 
36.6 
46.0 
34.0 
48.0 
68.0 
62.0 
50.0 
66.0 
52.0 

45.0 

Total of cells 
observed 

30 
90 
50 
60 
50 
50 
50 
50 
50 
50 
50 
40 

620 

Summing up, it may he said that, on account of their high frequency anel a 
definite rate of division, the tumor cells with 40 chromosomes or thereabouts, 
primarily contribute to the growth of the tumor through their active proliferation. 
And further, the variation of the chromosome number takes place arround the 
number 40, showing a wide fluctuation from about 20 to approximately 80. As 
a whole the cells containing chromosome numbers lower than ±40 are more re­
markably frequent than those with numbers larger than ±40. 

Now, our particular interests concern the chromosome constitution of the 
cells which contain a well-balanced sub diploid set of chromosomes, 40 or thereabouts 
in number, and are responsible for the growth of the tumor. Observations by the 
senior author (S. M.) revealed that tllese cells carry a quite characteristic karyotype 
which is of this sarcomc proper and again strikingly differentiated from that of 
the host, Rattus norvegictts (Fig. 9), being characterizecl by a certain number of 
V-shaped elements (Figs. 2-6). Details will be given in the next paper of these 
serial studie!l. 

Remarks 

1. On the mitotic capacity in cells with reduced or 
increased chromosome numbers 

It was pointed out in the foregoing observatigns that there is a group or 
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strain of cells which contain the chromosome numbers of 40 or thereabouts, and 
further that they are primarily responsible for the growth of the tumor on account 
of their strikingly high frequency and definite mitotic rate. It is of interest that 
the specific number ±40 here concerned is closely approximate to the normal 
chromosome number of the host in which the diploid number of 42 has been well 
established. \\Tinge (1930) reported in the tar-carcinoma of mice that the cells with 
36-40 chromosomes were most frequent (the normal number for mice being 40). 

As already mentioned, the variation of the chromosome number in this 
sarcoma takes place around the specific number ±40. But, noticeably the cells with 
lower numbers than ±40 show larger frequency than those with higher numbers 
than ±40 (d. Table 5). Particularly the cells having 36, 37, :~8, 39, 40 and 41 
chromosomes show a strongly increased frequency. This evidence is an indication 
that the cells with such chromosome numbers have a mitotic capacity exceeding 
that of other cells. Until recently, it has been considered that a nucleus with the 
complete chromosome number is necessary of the regular functioning of cells (Koller 
1943, 1947), and that cells with deficient nuclei can survive only under very specific 
conditions (Barber 1941, Sax 1942), the life of such cells always being short (Koller 
& Smithers 19-16). The Yoshida sarcoma here under consideration furnishes, 
however, an apposite example, since cells with reduced or increased chromosome 
number are still able to divide and to continue dividing. Siwilar evidence was 
presented by Koller (1947) in the human adenocarcinoma. These facts seem to 
imply that, because the cells remain active in spite of their deficient nuclei, the 
complete chromosomc set. is not necessarily required for the accomplishment of 
normal cell behavior. Koller (19-17) interpreted the phenomenon hy considering 
that mitotic activity is under cytoplasmic and not nuclear control. However, 
this assllmption seems not adequate for the present case. The present authors 
are of opinion that the inner balance lidO. betweCIl Ule lludeLl:> etnel cytoplasm is 
necessary for the regular functioning of cells, namely that under the balanced 
condition the llucleus can control the cytoplasm to accomplish normal cell function, 
due probably to the co-operation between the former and the latter. So long as 
the inner balance between the nucleus and cytoplasm remains favourable, the cells 
have mitotic capacity_ It appears likely that the normal nucleic acid cycle of 
the chromosomes can proceed, or remain active, within this limit. If the nucleus 
contain a certain set of chromosomes necessary for controlling the cytoplasm, or 
else for co-operation with the latter, it should permit mitotic activity without 
difficulty, even though the chromosome set is not always entirely complete. The 
case of the Yoshida sarcoma is an example strong-ly favouring this assumption. 
Became of their highest mitotic rate, as seen in Table 5, the cells with 40 chromosomes 
might be in the most well-balanced condition in the nucleus-cytoplasmic relation­
ship. The frequency of the cells with chromosome numbers lower th::m 40, and that 
of the cells with higher numbers shows a gradual decrease, as the chromosome 
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numbf'r becomes eithcr greater or less than 40. Probably, the inner balance of cells 
might increasingly be disturbed and therefore mitotic activity might progressively 
be interrupted, as the number varies abo\'(' or below 40. 

Koller (1947) further claimed that tumor cells may be dependent on each 
other in many respects, and that. in undergoing mitosis, a specific substance 
necessary for chromosome synthesis is transfcrred from one cell to adjacent cells. 
For this reason, according to him, cells with a reduced chromosome number are 
able to divide. Also, there is another but similar view that nuclei with normal 
chromosome sets are capable of controlling the mitosis of other adjacent nuclei 
which lack a normal chromosome set (Sviirdson 1945). These are interseting 
ideas for the interpretation of the phenomenon rcspectively, but they cannot be 
applicable for the present case, because tlle Yoshida sarcoma is a fluid tumor in 
which tumor cells always occur independently from one another in a form of a 
suspension without forming massive tissue. 

Here is also another view involving a hyputhesis concerning mitotic genes; 
namely, there are in the nucleus a series of genes ·which are required for the 
accomplishmcnt of normal mitosis (d. Svardson 1945). The mitotic genes may 
either be concentrated to a few chromosomes or else each chromosome may have 
a set of mitotic genes. This assumption cannot be easily repudiated, since it must 
be of· considerable importance in consideration of mitotic activity of cells with 
a reduced chromosome number. However, knowledge of these mitotic genes is 
exceedingly deficient. As yet very little is known about the various fields of activity 
of these genes (Mather 1942). Though nothing can be said at present, this hypo­
thesis is also of considerable interest in connection with the theory of gene or 
chromosome mutation as connected with the origin of cancer. 

As is obvious by reference to Table 5, the occurrence of a true polyploidy 
seems to be very rare or absent in tumor cells. But, the cells with subtriploid chromo­
some numbE'rs such as ±55 and ±60, and those with subtetraploid numbers such 
as ±75 and ±80, are rarely fonnd (Figs. 7-8). In the majority of polyploid cells, 
abnormal orientation of metaphase chromosomes and the formation of multipolar 
or incomplete spindle occurred very often (cf. the column of irregular metaphase 
cells in Table 2), so that the formation of a regular metaphase plate is interrupted. 
Of course, these obstruct a regular proceeding of cell division and lead to death of 
the cells, due to the numerous cytological abnormalities induced. Only the cells 
with a well-balanced chromosome number must form a rE'gular metaphse plate, 
showing a norlllal orientation and arrangement of chromosomes. On account 
of the fact that the frequency of a regular polyploid plate is very low, it seems most 
likely that the chromosomally unbalanced polyploid cells are more common than 
the well-balanced polyploid cells. A similar phenomenon was observed by Koller 
(1947) in human tumors. The giant cells with a very high number of chromosomes 
are occasionally observable; the chromosomes are usually small in size and lie 
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scattered in the cytoplasm-. The number of chromosonies is so high that the degree 
of polyploidy of the cell cannot be determined. Tn thp extreme case thc cel! with 
some 250 or morc chromosomes was seen (vigs. 10. 37). All giant cells show ab­
normal orit'ntation of metaphase chromosomes or the multipolar spindle. Diyision 
in the giant cells is almost arresterl at metaphase and the chromosomes begin to 
disintpgrate forming amorphous masses. 

2. Mitotic abnormalities and the numerical changes 

of the chromosomes 

Numerical change in the chromosome complement is an almost universa, 
phenomenon in tumor cells. It has frequently been noted by many investigators 
in various human cancers, as well as in experimental tumors of rats and mice (d. 
Makino's list, 1951). As described in the foregoing pages, various rleviations of 
the chromosome number were obseryed also in the Y oshirla sarcoma. It seems 
reasonable to offer here some comment on mitotic abnormalities of tumor cells 
which are to be regarded as direct or indirect causes of the numerical changes of 
chromosomes. vor yarious types of mitotic abnormalities found in this sarcoma 
reference may be made to the preyious paper (Makino and Yosida 1951). 

It has been stated seyeral times in the present paper that the tumor cells with 
the chromosome number of 40 or thereabouts, are the most frequent in this tumor, 
and that the yariation of the chromosome number of tumor cells takes place around 
the number 40, there being a wide fluctuation ranging between ±20 and ±80. 
Furthermore, the cells containing chromosome numbers lower than ±40 are more 
frequently found than those having a larger number than that. In these cases, 
as seen in Table 5, the fluctuation of the number is rather graduaL Such a gradual 
deviation of the chromosome number from the specific number (±40y seems to be, 
in greaLel [Jart, attributable to stickiness of chromosonlcs, chrOrllOS0!lle bridges, 
lagging of chromosomes, or nnequal distribution of chromosomes at anaphase. 
Stickiness of chromosomes usually form chromosome bridges at anaphase stretching 
between the poles (Figs. 11-14). Some chromosomes may be caught between the 
bridges, in which case they will mostly be excluded outside the nucleus. The 
fragmentation seems to occur in close association with the hridge-formation of sticky 
chromosomes. Often, a few chromosomes, two or tliree in number, lie extruded 
outside the nuclear palte or scattered in groups at an eccentric area on the equatorial 
plane (Fig. 14), due probably to the defIcient or incomplete "pindle formation. It 
may be these extruded elements that manifest themselves as the lagging chromo­
somes during anaphase. Or else, the laggards may comprise the chromosomes 
undergoing non-disjunction. Lagging elements to the number of 1 or 2 are most 
usual (Figs. 11, 27,28), but there are cases that show S, 6 or even 10 (Fig. 12). The 
size of laggards is also widely variable. The lagging chromosomes are either 
included in the separating chromosomes or fail to be taken into the daughter 
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nuclei. Unequal distribution of chromosomes at anaphase, or a migration of 
chromosomes in different numbers to poles, prohably influences the yariation of 
the chromosome number. This phenomenon by no means always concerns muIti­
polarity or polyploidy; it is abundantly seen in the bipolar spindle. Thus, stickiness, 
lagging of chromosomes and unequal ciistribution of chromosomes during anaphase 
may result in the production of nuclei in which some chromosomes are absent, 
or in which extra chromosomes are added to the speciilc number. Hence it follows 
that the gradual decrease or increase of the chromosome number at approximately 
the specific number 40 can be well explaineci by reference to the series of abnormalities 
such as above mentioned. 

The most probable explanation for the sudden reciuction of the chromosome 
number is connected with either the tripolar diyision or the elimination of some chro­
mosomes at telophase. The tripolar spindle is not always restricted to polyploidy; 
it is frequently seen in ordinary diploid cells. For instance, the results of observa­
tions made throughout the whole life span of a tumor rat, showed that 73 perr:ent 
of the multipolar mitosis was h'ipolar, 22 percent was quadripolar and only 5 percent 
was pentapolar. Tripolar division results in different numbers of chromosoms 
at three poles. For instance, Figure 15 shows a tripolar division which had taken 
place in a probably subdiploid cell with ±40 chromosomes: in one of the poles 
were found approximately the diploid number, wllile the other two poles showed 
about 27 and 11 elements, respectively. Figure 16 illustrates another example of 
a similar phenomenon; three poles showed ahout 40, 20 and 15 chromosomes, re­
spectively. Thus, the tripolar mitosis, when the division is completely finished, 
results in three cells with different chromosome numbers, and accordingly forms 
one of the causes for the sudden appearance of cells with greatly reduced chromo­
some numbers. The sudden decrease of the number may, on the other hand, 
possibly be explained by the elimination of some chromosomes lying off the equa­
torial plate. '/cry often, sonIc chromosomes lie extruded outside the nuclear plate 
or scatter in a group at an eccentric area on the equatorial plane (Fig. 14). These 
unusual elements, when they are not few in number such as 10 or thereabouts, are 
often extruded outside the (laughter nuclei at telophase and finally lost. Evidently, 
this results in the formation of nuclei in which for instance some 10 elements are 
ahsent. 

There is evidence suggesting that the restitution-nucleus constitutes the 
origin of the sub tetraploid cells. It is most likely that the fusion of two subdiploid 
nuclei with well-balanced ±40 chromosomes probably giyes rise to the subtetra­
ploid cell containing well-balanced chromosomes. This can strongly be supported 
by the occurrence of subtetraploid cells showing both a regular orientation of the 
metaphase chromosomes and a normal bipolar spindle. Figures 17 and 29 are 
probably cases being in process of fusion of two nuclei after separation to form 
a restitution-nucleus. The nucleus with subtriploid chromosomes can likewise 
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be we1l understood to arise through the fusion of two of three nuclei produced in 
the tripolar division, i. e., by the association of two nuclpj one of which contains 
sllbdiploid chromosomes and the other a reduced number of chromosomes as shown 
in Figure 15. nut, no direct ('\"idence has been met with as yet to support this 
in terpretation. 

The duplication of chromosomes without spindle formation, namely the 
process of the "o-called endomitosis resulting in chromosome multiplication within 
the nuclear membrane, has frequently been recogni!ed as a possible mechanism of 
the formation of polyploid r:ells (Levine 1931, Geitler 1839, Biesele, Poyner & Painter 
1942). This may also be applicable for explaining the formation of the subtriploid, 
snbtetraploid or other hyperploid cells in the present case. But there has been 
no evidence of endomitosis in this sarcoma so far as the observation has been gone. 

For the change of the nuclear contents, the multipolar divisions strikingly 
participate as direct or indirect causes. Generally, the multipolar divisions result 
in the production of either several nuclei with variable chromosome numbers in 
which case a multinucleate cell is often formed or a many-lobed restitution nucleus. 
Multipolarity is by no means always connected with polyploidy. The multipolar 
cliyision takes place either in snbdiploid cells and those with a reduced chromosome 
number, or in polyploid cells. The failure of synchronization in separation of 
chromosomes, which usually occurs in close association with partial breakdown 
of the spindle mechanism, may induce abnormal orientation of chromosomes and 
the latter leads to the formation of mutipolar or incomplete "pinele. For example, 
Figures IB and 31 show a tripolar division which results in the formation of three 
cells with different chromosome numbers. Figure 32 illustrates the same in which 
a binucleate cell and a mono-nucleate cell weve {ormeo. Figures 19 and 33 indicate 
a tetrapolar division illustrating three drlUghter cell,;, one of which contains two 
nuclei, while the other two each include a single nuclcu~. Figures 20 and 34 again 
show 3. tetra polar divi"ion which results in the production of two cells, Olle of lhelll 
having three nuclei ,md the othr:r a single nucleus. In Figures ~1 and 22 are depicted 
two cases of pentapolar division. Figure 21 (Figs. 35 and 36 also) illustrates the 
form:ltion of two cells. one having four nuclei and the otiJer a single nucleus, whereas 
in Figure 22 arc seen three cells, two of them with a single nucleus respectively and 
the: other with three nuclei. And further, most of the multipolar divisions contain 
lagging chromosomes, or often shmv unequal disirihution of chromosomes to poles. 
Thus, the multipolar division evidently gives rise to prominent multinucleate cells, 
highly influencing the numerical change of chromosomes in cells. Successive duplica­
tion of the above processes may result in very complicated contents of the nucleus, 
such as forming a giant cell. It is probable that, when the cell ha .. reached a certain 
size it would become inviable. In the giant multipolar Hletaphases, the chromo­
somes begin to disintegrate forming amorphous blocks. There is evidence which 
shows that the percentage of multipolar metaphases in the total is considerably 
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higher than that of multipolar anaphase. This seems to suggest that most of 
multipolar metaphases never reach the anaphase stage. A comparable feature 
was found bv Timonen & Therman (19.50) in human cancers. 

By way of summary, it may be said that various mitotic abnormalities, which 
may concern the behavior of the chromosomes or the cytoplasm or both, largely 
playa significant role in the nmnerical changes of chromosomes in tumor cells, and 
almost all of them lead to clegeneration and death of the cells. As already stated, 
this is probably due to the disturbance of the inner balance between the nucleus 
and cytoplasm. 

Here, attention should be paid to the fact that the degeneration of tumor 
cells by no means always depends npon the violent change of the chromosome number 

·or unbalanced rol~·ploidy. There are many tumor cells \vhich are undergoing 
clisintE'gration at the stag'e of metaphasf', The results of approximate counting of 
the chromosome 1111mber in these cells reyealed that the cells with the chromosome 
number 30- W undergo disintegration at a consider:l.ble rate (Table 7). Though 
nothing has bepn learned up to the pr('sent to explain this phenomenon, a view 
involving the natural dpath of tumor cells through karyolysis is very probable. 

Table 7. Approximate chromosome numbers observed in tumor cells which 
are undergoing disintegration at metaphase. 

Chromo numbers ! ±15~±20 I ±21~±30 ±31-±40 I ±41~±50 I ±51-±60 I 
- .. ~~--

Number of cells 
observed 

% 
34 

17.2 

103 

52.3 

----47 11 2 II 

23.9 5.6 1.0 
J 

Summary 

Total 

197 

100.0 

The mitotic rate and the ,-ariation of the chromosome number were observed 
in the Yoshida sarcoma, based on the {laily material which was obtained throughout 
the whole life span of the tumor rat in a transplant generation. On account of 
their high frefluency and definite rate of division, it can he concluded that there 
is a group or a strain of tumor cells with wf'll-balanced subdiploid chromosome 
number of 40 or thereabout'S, and that thcy primarily con~ribute to the growth of 
the tumor. 

The variation of the chromosome number takes place around the specific 
number ±40, there being a wide range of fluctuation from about 20 to approximately 
80. On the whole, the cells having lower chromosome numbers than ±40 arc more 
frequent than those with larger numbers than that. 

Some critical rpmarks were offered. on the mitotic abnormalities which signifi­
cantly concern the numerical changes of chromosomes in tumor cells. 
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Sonw considerations we're offefC'd on tlw mitotic capacitv in tumor cells with 
a fC'duced or increased chromosome number. 
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Explanation of Plate X 

AJI are camera-Iucida drawings of tumor cells; ca. x 1:~00, ('xcept Fig. 10, ca. x800. 
Fig. 1, metaphase plate showing 22 chromosomes. Figs. 2-6, nwtaphasc plat('s 

showing well-balanced subcliploid chromosomes; :l7, 39, 40, 41 and 42 chromosomes in 
each. Fig. 7, subtriploi(\ plate showing 60 chromosomes. Fig. 8, subtetraploicl plate 
showing SO chromosomes. Fig. 9, chromosomes of a blood cell, showing 42 clements. 
Fig. 10, metaphase plate of a giant cell, showing approximatcl\· 250 clements. Figs. 
11-12, ana-telophasE's showing lagging chromosomes. Fig. 13, chrnmoso1I1e bridges at 
telophase. Fig. 14, showing some chromosomes extruded from the equatorial plate. 
Fig. 15, tripolar mitosis, showing about 40, 27 and 11 chromosomes at three poles. 
Fig. 16, the same, showing about 40, 15 and 25 chromosomes at three poles. Fig. 
17, formation of rcstitution-ullcleus. Fig. 18, tripolar telophase. Fig. 19, tetra polar 
tdopi13se, showing the formation of a bi-nuclC'atc cell. Fig. 2>D, the 5;) 111 e, sh()\\'ing 
the form;)tion of a tri-nucleate cell. Fig. 21, pentapolar telophase, showing the forma­

tion of 8 tri-nncleat(' cell. Fig. 22, the same, showing the formation of " tri-nllclcate 
('('II. 

Explanation of Plate XI 

.\11 are photomicrographs of tumor cells. 
Fig. 23, monocytes, lymphocytes, lencocytes, etc. in the normal ascites of til(' white 

rat. Fig. 24, showing the degeneration of tumor cells of I"rge size found in tI,C 
tumor ascites few hours after transplantation (acetocarmine). Fig. 25, showin;.; two 
types of tumor cells, large and small, found in the tumor ascites about 20 110ms after 
transplantation (Giemsa). Fig. 26, showing two types of tumor cells, large and small, 
in the tumor ascites just after the tumor-animal's death (acetocarmine). Figs. 27-28, 
showin" lagging chromosomes at ana-telophase. Fig. 29, formation of restitution-nucleus. 
Fig. 3,0, tripolar te\,'phas('. Fig. 31, showing the formation of a oi-nucleate cell follow­
ing the tripolar di\·ision. Fig. 32, the same. Fig. 33, tetrapolar division, showing 
the fornution of a oi-nucleate cell. Fig. 34, tctrapolar cli\'ision showing a tri-nuckate 
celL Fig. 35-36, peulal-'ular lli\'isiuIlS IUlllling a tetra-nucleate cell. It Jg. ~'I, lnela­

phase plate of a giant cell, showing about 250 chromosomes. 23; x 400. 24-20, 34, :l6, 
37; x ()()(), 27-33, 35; x 1200. (S. Makino photo.) 
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Cytological Studies on ,Cancer 

II. Daily Observations on the Mitotic Frequency 
and the Variation of the Chromosome Number 

in Tumor Cells of the Yoshida Sarcoma 
Through a Transplant Generation!) 

By 

Sajiro Makino and Kyoko Kana 

(Zoological Institute, Hokkaido University) 

(With 37 Figures in 2 Plates) 

The mechanism of the malignant growth of the tumor is a matter of 
fundamental importance as well ClS of primary concern in cancer research. Although 
surprising advance has recently been made in this field of cancer pathology as 
presented in a good many important reports, the state of knowledge still seems 
inadequate for clarifying many important problems growing up around this subject. 
A new approach to these fundameEtal problems, however, will be opened to a con­
siderable extent by research in the field of cytology, especially by the study of 
chromosomes of the tumor; much confusion underlaying these points has remained 
unsolved. 

Based on the daily analysis of the frequency of mitotic abnormalities 
occurring in the Yoshida sarcoma, the findings reported in the previous study suggest 
that cells which are unoergoing a regular division with well-balanced sub diploid 
chromosomes plav a sigl)ificant role in the growth of the tumor (Makino and 
Yosida 1951). The data presented in that paper were obviously scanty; therefore, 
it was premature to attempt any conclusiye statement concerning the phenomenon. 
The present study was undertaken with a view to further confirm the previously 
reported evidence, through close observations of the mitotic rate of tumor cells. 
Observations were carried out in close connection with investigations of the chromo­
some constitution in the Yoshida sarcoma. 

The herennder described observations were made using smear preparations 

1) Contribution No. 255 from the Zoological Institute, Faculty of Science, Hokkaido 
University, Sapporo, Japan. 

Jour. Fac. Sci. Hokkaido Univ. Ser. VI, Zool. 10, .1951. 
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daily prepared according to the procedure as follows: The smear was made from 
a droplet of the tumor asdtes once a day from a certain tumor rat through its whole 
life, starting with the first day after transplantation up to the last day at intervals 
of ahout 2.1 hours. The slides tll1lS pff'paren were stainen aftC'l hoth Giem~a's and 
acetocarmine methods. Accurate observations concerning chromosomC's were made 
exclusively in the acetocarminc preparations. The present stl1d~J was based on 
material derived from tumors transphnted in three different indiyiduals of white 
rats belonging to the purely hred \\'istar strain. 

The authors' cordial thanks are dne to Mr. Tosihide H. Yosic1a and Mr. 
Tatsuya Tanaka for their kind assi"tance in thC' course of this study. This paper 
constitutes a part of studies carried out with the aid of grants from the 'Kagaku­
kenkyu Fund' and also the 'Kagakushiken-kenk~'u Fund'., hoth out of the Ministry 
of Education. 

General course of the growth of the Yoshida sarcoma 
in a transplant generation 

By intraperitoneal introduction the ascites sarcoma grows in the new host 
and leads the diseased animal to death in 12 days on an a\'erage. General course 
of the growth of the tumor is as follows: 

The tumor ascites inoculated in the new host in successive transplantations 
contains two types of tumor cells (Fig. 25). The one comprises relatiyely large 
cells generally characterized by a considerable amount of cytoplasm and a large 
nucleus of bilobed or kidney shape, or sometimes of very complicated form. Giant 
cells containing huge nuclei of biLarre outline arc of frequent occurrence in this 
typC'. The other comprises small cells which are remarkable for their very small 
amonut of cytoplasm and a rather spheric a I, well-defined nucleus of compact 
appearance (Fig. 2~) ; both the cytoplasm and nucleus are intensely basophilic in 
staining. 

Following the transp1antation of the tumor ascites, a great many t11mor 
cells introduced into the peritoneal ca vity of the new host seem to undergo degenera­
tion, since the cells in the course of disintegration and thos(' showing various 
abnormalities appear at a high rate (Fig. 2-1). The dividing cells are Yery few. 
The majority of these degenerating cells are largr: in siztc. Thtc mitotic ilgnrtcs of 
tumor cells make their gradual appearance about 24 hours after transplantation. 
The number of dividing cells progressively increases with tllt' passage of time. On 
the 3rd or 4th day after transplantation, the peritoneal fluid of the host seems tn 
be in the most favorable state for proliferation of tumor cells and the latter proli­
ferate very rapidly under this circumstance. Towards the midnle part of the life 
span of the tumor animal, that is, on the 5th or 6th day the cells undergoing mitosis 
are seen to be mo~t. numerous. Then, th<,y begin gradually to decrease with time 
towards the latter part of the life span. In corrf'lation to the decrease of the 
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dividing celis, cells showing mitotic abnormalities and disintE'gration increase in 
fr'"Cluency. The tumor ascites proportionally shows a remarkable accumulation. 
Nearing the last day of the host animal's life, dividing cells suddenly descrease in 
number. In striking contrast, the crlls shovving abnormalities as well as those of 
disintegration appear at a remarkably high rate. By this time the accumulation 
of the tumor ascites reaches an enormous amount with a great expansion of the 
abdomen of tlte tumor animal. Mingled with th':'se degenerating cells, there occur 
in the tumor ascites a number of resting cells, which are characterized by their 
small size containing a small amount of cytoplasm and well-definpd, basophilic: 
nuclei (Fig. 2n). The malignant growth of the tumor having reached this stage 
leads to the death of the host animal. 

Observations 

1. Rate of mitosis in a transplant generation 

The rate of mitosis in tumor cells was observed with the daily material through 
the whole life span of certain tumor rats. For convenience of description, the 
entire life span of the tumor-bearing animal was divided into three parts, namely 
the early, middle and latter parts. Viewing the whole material the mitotic 
frequency in tumor cells is seen to show a slight variation day by day, and also 
according to irdividuals. But, there is observable a characteristic tendency in 
tumor cells of this sarcoma with respect to the mitotic rate. 

The specimen here to be considered died on the 16th day after transplantation 
of the tumor. Two thousand tumor cells were observed every day through the 
entire period of the life of the tumor-bearing animal, and the daily frequencly of 
dividing cells covering those of late prophase, metaphase, anaphase and telophase, 
was calculated in percentage on the basis of the above data. The results are given 
in Table 1, and graphed in Chart l. 

Referring to the data presented in both Table 1 and Chart 1, it is apparent 
that the number of dividing cells shows a gradual increase from the early pari. 
continuing towarcls the middle part of the life span. The rate of mitosis forms a 
peak curve through the middle part, decreasing gradually towards the latter part. 

Table 1. Daily frequency of mitotic cells in a tumor rat. The percentage of 
dh-jcling cells was calculated on the basis of 2000 cells per day in the observation 
through a transplant generation. 

Days after 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 transplantation 

.~--. 

16 

.------~~---------. ---.~-

% of 
1.7 4.4 4.6 :1.8 40 4.4 3.9 3.2 3.0 3.3 :12 1.9 0.5 0.4 0.8 0.2 dividing cells 
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Another example likewise represents a similar result, df~cribed in tIl(' paper of Kana 
(951). 

"tl 
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.n 
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2 3 4 5 6 7 8 9 to II 12 13 14 I" In 

Days in a transplant generation 

Chart l. Graphical representation of the daily frequency of mitotic cells in a 
transplant generation of the tumor rat, based on the data in Table l. 

In the next observations based on the same material as above, attention 
was paid to the daily frequency of the cells with wcll-balancfd subdiploid chromo­
somes having an ordinary metaphase configuration. The daily frequencies of the 
regularly dividing cells at metaphase, together with those of abnormal metaphase 
cells, were calculated on the basis of the total number of metaphase cells in the 

Table 2. Daily frequency of the cclls at metaphase, based on the san1e 
material as gi,"cn in Table 1. The percentage ,'"as calculatc(1 on the basis of the 

total number of metaphase cells observed every day. 

I 
I I I Total number of 

Days after Regular cells at Irregular cells at Disintegrating I metaFhase cells 
transplanta- metaphase 

I 
metaphase I cells at mataplJase ' observed 

tion I , -- -

I 
Number o. I 

~llmber % I Kumbcr % "'umber % 10 I 
--~-~-~- ._-

1 18 ~).O fiO :lOO 122 61.0 200 100.0 
2 92 383 I'" ~'* SI.7 24 10.0 240 100.0 
:3 86 :'15.8 125 52.1 29 12.1 240 100.0 
4 79 :35.6 III 50.0 :32 14.4 222 1000 
5 80 35.6 100 44.4 45 20.0 225 100.0 
6 104 40.5 106 4l.2 47 18.:'1 257 100.0 
7 57 30.8 75 40.6 5:3 28.6 185 100.0 
8 40 29.0 42 :'104 56 40.6 1:'l8 100.0 
9 65 31.7 104 50.7 :'16 17.6 205 100.0 

10 90 :'123 127 45.7 61 22.0 278 100.0 
11 51 23.6 64 :'10.2 98 46.2 212 100.0 
12 
~ 15 8.5 71 42.5 81 45.5 167 100.0 

16 
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daily observation. The results are giYen in Table 2.1) 

The data presented in Table 2 indicate that, on the first day after trans­
plantation of the tumor the number of cells with well-balanced subdiploid chromo­
somes is extremely small, whereas cells showing abnormalities appear in a consider­
ably large number. The frequency of cells with well-balanced chromosomes shows a 
remarkable increase with time, and during the middle part of the life span, namely 
on the 5th to 7th day after transplantation, they are found in an enormous number. 
It is by this time that the most actiye growth of the t1llYlor is attained, with a pro­
nounced increase of the tumor ascites. Towards the latter part of the animal's 
life, the chromosomally well-balanced cells sbow a gradual decrease in number, 
being replaced by cells showing mitotic abnormalities which show a gradual increase 
in number. On the 11 tll day, or later, after transplantation, the cells showing 
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Chart 2. Graphical representation of the daily frequency of regularly dividing 
cells at metaphase, observed through a transplant generation, based on the data 
in Table 2. From the same material as used in Chart L 

stickiness or coalescence of chromosoll1es, or disorganization of chromosomes 
appear at a strikingly high rate, in remarkable contrast to the low frequency of 
cells with subdiploid chromosomes. 

1) In Table 2, the metaphase cells were classified into three types. Regular meta­
phase cells include the cells with a well-balanced subdiploid chromosomes, showing a regular 
feature and equatorial arrangement. The cells showing abnormal arrangement and aberrant 
number of chromosomes are designated as irregular metaphase cells. The disintegrating 
cells are those showing stickiness and coalescence of chromosomes, or disorganization of 
chromosomes at metaphase. 
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Table 1 indicated that the number of diyic1ing cells shows a gradual increase 
from the early part continuing towards the middle part of the life span of the tumor 
animal, and decreases gradually towards the lattc'r part. TIl(' data pn'sented in 
Tahle 2 run parallel to the above; that is to say, the frequency of chromosomally 
well-balanced subdiploid cells shows again a gradual increase from the early part, 
being high during the middle part, and decreases gradually to\vards the latter part 
of the life span. In other words, along with the increase of dividing cells, the 
frequency of cells with sub diploid chromosomes also increases, and the decreases of 
the former again responds to the decrease of the latter cells. This is well under­
stood by reference to Charts 1 and 2, in which are found two curves running nearly 
parallel. Obviously, the cells showing mitotic abnormalities are unable to continue 
active multiplication and therefore they cannot affect the growth of the tumor. 
Thus, from the comparison of the data presented in Table 1 (ann Chart 1) and 
Table 2 (and Chart 2), derived from the same material, the conclusion may be drawn 
that, among the dividing tumor cells, those with wpll-balanced subdiploid chromo­
somes playa significant role in the multiplication of cells in the growth of the 
tumor. To state the point otherwise, the multiplication of tumor cells in the new 
host in successive transplant generations is primarily attributable to the chromo­
somally well-balanced subdiploid cells. Obviously, these well-balanced cells show 
nothing unusual in either e(luatorial arrangement or constitution of chromosomes, 
and are (luite regular in behavior just as occurs in normal cells.!) Thus, the chromo­
somally well-balanced cells which arc apparantly regular in respect to their 
chromosomes and in their behavior during mitosis contribute primarily to the 
growth of the tumor. E\'entually, the results of the present observations agree 
with those of the previous study cOllccming the daily frcquencies of mitotic 
abnormalities in this sarcoma. 

2. Accounts on the chromosome number 

In order to learn the chromosome number of the cells with well-ba!allcerl 
chromosomes ha\'ing an ordinary metaphase configuration, which primarily are 
concerned with the growtli of the tumor as above mentioned, tIle counting of the 
chromosomes was undertaken using the same preparations as employed in the 
above studies. Taking into consideration only the chromosomally well-balanceu. 
subdiploid cells with ordinary constitution and equatorial arrangement of 
chromosomes, the number of chromosomes was observed in the Giemsa-prepara­
tions, prepared every day through the whole life span of a tumor rat. The Giemsa­
preparations, however, yielded no difinite results as for the chromosome number, 
so that only an approximate estimation of the number, such as 30-40, was possible 
111 this case. 

1) In this respect, see the next paper (Makino 1952), 
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The results of observations are shown in Table 3. It is evident from this 
table, that in the cells with a well-balanced metaphase configuration the chromosome 
number shows a sm,lll range of \',uiation, and that cells with the chromosome 
numbers ranging from 30 to 40 are the m03t frequent of all. The data here obtained 
were confirmed by those coming from another specimen which likewise showed the 
same result, as given in Table 11. (In this case the chromosome counting was made 

Table 3. Daily observations of the chromosome numbers in tumor 
cells through a transplant generation. from the same specimen as given 
in Tables 1 and 2. (Giemsa-preparations). 

__ ~ _____ k'~ ___ ~ __ ~~ __ _ 

-------- -

Davs after 
transplantation '~20_~i" [;:~_r:~'~I60-1 

Number of cells observed I 

Total 

2 
3 
4 
5 
6 
7 
R 
n 

---12--1--18-1 --1-------'---31---

10 
11 
12 

1~ 

Total 
(:/~ 

5 21 4 30 
7 18 4 29 

13 29 1 43 
7 23 6 37 
6 15 2 24 

10 13 2 25 
9 19 10 2 40 
» 21 8 2 40 

10 22 3 35 

5 10 

209 
600 

41 
11 .7 

G 
1.7 

15 

349 
100.0 

Table 4. Chromosome numbers observed in a satnple taken Oil 

the 5th day after transplantation of the tumor. 

Number of cells 
observed 

% 

Chromosome numbers , i- --------- ---- --------1 
" 20--:l0 : :ll-40 i 41-45 I 

7 

8.75 

63 

78.75 

10 

12.5 

Total 

80 

100.0 

in a sample taken on the 5th day after transplantation of the tumor in which 
dividing cells showed the highest frequency). Study of Table 4 indicates that the 
cells having 30-10 chromosomes accounted for 78.75% in a total of 80 metaphase 
cells under observation. Based on the above facts, it may be concluded that the 
majority of the chrom:)somally well-balanced cells contain 30-40 chromosomes, 
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so far as the rough counting based on Giemsa-preparations is concerned. Therefore, 
it can be said that probably the cells which primarily contribute to the growth of 
the tumor have the chromosome numbers ranging from 30 tll 40. 

Now, the necessity arises in the next step to get as accurate as possible 
counts of the chromosome number in tumor cells. However, the Giemsa-prepara­
tions are not useful at all for the exact study of chromosomes, because they yield 
some artifacts such as temporary fusion or abnormal swelling of chromosomes 
which all hamper close observation to a great extent. The acetocarmine smear 
method, on the contrary, proved to be excellent for the study of chromosomes, 
since by this method the chromosomes at metaphase are visihle with a well-defined 
sharp outline showing no sign of irregular agglutination. The following observations 
were carried ou~ with acetocarmine smear preparations exclusively. They were 
prepared every day with the tumor ascites secured from a new specimen different 
from that used in the above observations. This rat died on the 12th day after 
transplantation of the tumor. In observation, only clear metaphase cells were 
selected in which the adequate counting of the chromosome number is possible to 
a considerable extent. The daily variations of the chromosome numbers were 
observed through 12 days, from the first day after transplantation of the tumor 
up to the last day of life. The giant cells were disregarded. Even in good plates, 
an uncertainty of ±1 could not be avoided in counting, except in very excellent 
ones. The results of this survey are arranged in Table 5. Referring to this table 
it is apparent that the number of chromosomes of tumor cells varies with a rather 
wide range: between about 22 for the smallest extremity and 80 for the largest one 
(Figs. 1-8). The variation of the number is rather gradational around a figure 
close to 40. On the whole, however, cells haying chromosomes numbering less 
than 42 are more frequent than those numbering more. The latter cells are rather 

Table 5. Daily observations on the chromosome numbers in tumor cells through a 

~rom.i ..... 

Days 
,No.: 22232425262728293031 32333435363738394041424344454647484950 

" 
1 3 4 1 5 1 2 2 2 4 2 
2 2 2 2 3 5 6 7 7 9 7 6 5 8 6 5 2 1 
3 1 1 2 2 2 3 4 4 3 5 5 6 :l 4 3 
4 2 4 5 4 3 2 6 7 5 5 7 5 1 
5 2 1 1 4 4 6 3 6 8 6 3 2 
6 2 2 2 2 2 5 4 4 6 2 5 3 1 
7 2 4 6 5 8 5 8 3 4 
8 1 1 1 3 8 6 9 11 5 
9 2 :~ 5 3 411 8 8 3 

10 2 2 3 .5 5 6 8 7 4 3 
11 1 1 2 3 4 61211 4 2 2 
12 1 1 3 3 4 5 5 4 5 7 1 

Total I 1 0 1 1 2 3 4 3 14 821 272538515360687972 39 9 7 4 3 0 0 2 
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infrequent. Also, true polyploidy seems to be very rare in occurrence or absent. 
But there appear very rarely subtriploidy showing ±60 (Fig. 7) aml subtetraploidy 
having ±80 (Fig. 8). Special attention should be paid to the fact that the tumor 
cells showing chromosome numbers which range from =1::35 to ~d2 are very frequent 
for each day. Particularly, the cells with ~18, ~9, 40 and·il chromosomes appear 
each day at a strikingly high rate (Figs. 2-6). Among tllem, cells ha\'ing 40 chromo­
somes are the most frequent, and those with 41 chromosomes rank second. This 
fact is important in that most frequently the tumor cells contain the chromosomes 
very nearly approximate in number to those of the host, Rattus lloyvegicl1s, in which 
42 diploid chromosomes were found in both germ and somatic cells (Makino 1942, 
1943, Tanaka 1951). It is also remarkable that cells with a lower cllromosome 
number than ±40 are lllorc frequent than those with larger number than ±40. 

In order to learn the daily frequency of the cells with the chromosome numbers 
38-41, the necessary data were picked out from Table 5 and arranged in Table 6. In 
this table, the total sum of c,"11s with 3~-41 chromosomes is given for each day, and 
the percentage is calculated on the basis of the total number of cells observed. 
Since the data presented in Talbe 6 are based on the clear metaphase cells adequate 
for chromosome counting alone, it is not permissible to use them as a criterion for 
comparison with those of Tahle 3. The high percentage of the cells with 38-41 
chromosomes during the latter part of the life span of the tumor rat as giYen in 
Table 6 is undoubtedly attributable to the absence of data concerning giant cells 
or cells undergoing disintegration. By comparison of Table 3 with Table 4, it 
is allowable to say that the daily occurrence of cells with 30-·10 chromosomes is 
nearly in a parallel relation to that of cflls with 38-41 chromosom8s. This implies 
that the cells with the chromosome numbers between ~m and 40 (Table :1) may be 
largely replaced, if not entirely, with those which contain appro.:-..imately 40 chromo-

transplant generation of the Yoshida sarcoma, based on acctocarminc preparations. 

51 5253545556575859606162636465666768697071727374757677787980 

30 
gO 
50 
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50 
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50 
50 
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50 
50 
40 

--------- ._--_ .. _._--_. __ .- ._--_. __ . 
o 1 1 2 1 2 1 0 0 2 1 0 0 1 0 1 1 1 0 2 0 1 2 2 1 1 0 0 0 1 620 
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somes. From this conception, and by reference again to the data of Tables 1 and 2, 
it follows that the tumor cells which are characterized by a well-defined, regular 
metaphase configuration, and which playa significant part in the gfCJwth of the 
tumor, have the chromosome numbers of approximately 40. 

Table 6. Picked-out data from Table 5, showing a daily 
frequency of the cells with 38-41 chromosomes. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Total 

6 
25 
18 
22 
23 
17 
24 
34 
31 
25 
33 
21 

279 

20.0% 
27.8 
36.0 
36.6 
46.0 
34.0 
48.0 
68.0 
62.0 
50.0 
66.0 
52.0 

45.0 

Total of cells 
observed 

30 
90 
50 
60 
50 
50 
50 
50 
50 
50 
50 
40 

620 

Summing up, it may he said that, on account of their high frequency anel a 
definite rate of division, the tumor cells with 40 chromosomes or thereabouts, 
primarily contribute to the growth of the tumor through their active proliferation. 
And further, the variation of the chromosome number takes place arround the 
number 40, showing a wide fluctuation from about 20 to approximately 80. As 
a whole the cells containing chromosome numbers lower than ±40 are more re­
markably frequent than those with numbers larger than ±40. 

Now, our particular interests concern the chromosome constitution of the 
cells which contain a well-balanced sub diploid set of chromosomes, 40 or thereabouts 
in number, and are responsible for the growth of the tumor. Observations by the 
senior author (S. M.) revealed that tllese cells carry a quite characteristic karyotype 
which is of this sarcomc proper and again strikingly differentiated from that of 
the host, Rattus norvegictts (Fig. 9), being characterizecl by a certain number of 
V-shaped elements (Figs. 2-6). Details will be given in the next paper of these 
serial studie!l. 

Remarks 

1. On the mitotic capacity in cells with reduced or 
increased chromosome numbers 

It was pointed out in the foregoing observatigns that there is a group or 
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strain of cells which contain the chromosome numbers of 40 or thereabouts, and 
further that they are primarily responsible for the growth of the tumor on account 
of their strikingly high frequency and definite mitotic rate. It is of interest that 
the specific number ±40 here concerned is closely approximate to the normal 
chromosome number of the host in which the diploid number of 42 has been well 
established. \\Tinge (1930) reported in the tar-carcinoma of mice that the cells with 
36-40 chromosomes were most frequent (the normal number for mice being 40). 

As already mentioned, the variation of the chromosome number in this 
sarcoma takes place around the specific number ±40. But, noticeably the cells with 
lower numbers than ±40 show larger frequency than those with higher numbers 
than ±40 (d. Table 5). Particularly the cells having 36, 37, :~8, 39, 40 and 41 
chromosomes show a strongly increased frequency. This evidence is an indication 
that the cells with such chromosome numbers have a mitotic capacity exceeding 
that of other cells. Until recently, it has been considered that a nucleus with the 
complete chromosome number is necessary of the regular functioning of cells (Koller 
1943, 1947), and that cells with deficient nuclei can survive only under very specific 
conditions (Barber 1941, Sax 1942), the life of such cells always being short (Koller 
& Smithers 19-16). The Yoshida sarcoma here under consideration furnishes, 
however, an apposite example, since cells with reduced or increased chromosome 
number are still able to divide and to continue dividing. Siwilar evidence was 
presented by Koller (1947) in the human adenocarcinoma. These facts seem to 
imply that, because the cells remain active in spite of their deficient nuclei, the 
complete chromosomc set. is not necessarily required for the accomplishment of 
normal cell behavior. Koller (19-17) interpreted the phenomenon hy considering 
that mitotic activity is under cytoplasmic and not nuclear control. However, 
this assllmption seems not adequate for the present case. The present authors 
are of opinion that the inner balance lidO. betweCIl Ule lludeLl:> etnel cytoplasm is 
necessary for the regular functioning of cells, namely that under the balanced 
condition the llucleus can control the cytoplasm to accomplish normal cell function, 
due probably to the co-operation between the former and the latter. So long as 
the inner balance between the nucleus and cytoplasm remains favourable, the cells 
have mitotic capacity_ It appears likely that the normal nucleic acid cycle of 
the chromosomes can proceed, or remain active, within this limit. If the nucleus 
contain a certain set of chromosomes necessary for controlling the cytoplasm, or 
else for co-operation with the latter, it should permit mitotic activity without 
difficulty, even though the chromosome set is not always entirely complete. The 
case of the Yoshida sarcoma is an example strong-ly favouring this assumption. 
Became of their highest mitotic rate, as seen in Table 5, the cells with 40 chromosomes 
might be in the most well-balanced condition in the nucleus-cytoplasmic relation­
ship. The frequency of the cells with chromosome numbers lower th::m 40, and that 
of the cells with higher numbers shows a gradual decrease, as the chromosome 
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numbf'r becomes eithcr greater or less than 40. Probably, the inner balance of cells 
might increasingly be disturbed and therefore mitotic activity might progressively 
be interrupted, as the number varies abo\'(' or below 40. 

Koller (1947) further claimed that tumor cells may be dependent on each 
other in many respects, and that. in undergoing mitosis, a specific substance 
necessary for chromosome synthesis is transfcrred from one cell to adjacent cells. 
For this reason, according to him, cells with a reduced chromosome number are 
able to divide. Also, there is another but similar view that nuclei with normal 
chromosome sets are capable of controlling the mitosis of other adjacent nuclei 
which lack a normal chromosome set (Sviirdson 1945). These are interseting 
ideas for the interpretation of the phenomenon rcspectively, but they cannot be 
applicable for the present case, because tlle Yoshida sarcoma is a fluid tumor in 
which tumor cells always occur independently from one another in a form of a 
suspension without forming massive tissue. 

Here is also another view involving a hyputhesis concerning mitotic genes; 
namely, there are in the nucleus a series of genes ·which are required for the 
accomplishmcnt of normal mitosis (d. Svardson 1945). The mitotic genes may 
either be concentrated to a few chromosomes or else each chromosome may have 
a set of mitotic genes. This assumption cannot be easily repudiated, since it must 
be of· considerable importance in consideration of mitotic activity of cells with 
a reduced chromosome number. However, knowledge of these mitotic genes is 
exceedingly deficient. As yet very little is known about the various fields of activity 
of these genes (Mather 1942). Though nothing can be said at present, this hypo­
thesis is also of considerable interest in connection with the theory of gene or 
chromosome mutation as connected with the origin of cancer. 

As is obvious by reference to Table 5, the occurrence of a true polyploidy 
seems to be very rare or absent in tumor cells. But, the cells with subtriploid chromo­
some numbE'rs such as ±55 and ±60, and those with subtetraploid numbers such 
as ±75 and ±80, are rarely fonnd (Figs. 7-8). In the majority of polyploid cells, 
abnormal orientation of metaphase chromosomes and the formation of multipolar 
or incomplete spindle occurred very often (cf. the column of irregular metaphase 
cells in Table 2), so that the formation of a regular metaphase plate is interrupted. 
Of course, these obstruct a regular proceeding of cell division and lead to death of 
the cells, due to the numerous cytological abnormalities induced. Only the cells 
with a well-balanced chromosome number must form a rE'gular metaphse plate, 
showing a norlllal orientation and arrangement of chromosomes. On account 
of the fact that the frequency of a regular polyploid plate is very low, it seems most 
likely that the chromosomally unbalanced polyploid cells are more common than 
the well-balanced polyploid cells. A similar phenomenon was observed by Koller 
(1947) in human tumors. The giant cells with a very high number of chromosomes 
are occasionally observable; the chromosomes are usually small in size and lie 
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scattered in the cytoplasm-. The number of chromosonies is so high that the degree 
of polyploidy of the cell cannot be determined. Tn thp extreme case thc cel! with 
some 250 or morc chromosomes was seen (vigs. 10. 37). All giant cells show ab­
normal orit'ntation of metaphase chromosomes or the multipolar spindle. Diyision 
in the giant cells is almost arresterl at metaphase and the chromosomes begin to 
disintpgrate forming amorphous masses. 

2. Mitotic abnormalities and the numerical changes 

of the chromosomes 

Numerical change in the chromosome complement is an almost universa, 
phenomenon in tumor cells. It has frequently been noted by many investigators 
in various human cancers, as well as in experimental tumors of rats and mice (d. 
Makino's list, 1951). As described in the foregoing pages, various rleviations of 
the chromosome number were obseryed also in the Y oshirla sarcoma. It seems 
reasonable to offer here some comment on mitotic abnormalities of tumor cells 
which are to be regarded as direct or indirect causes of the numerical changes of 
chromosomes. vor yarious types of mitotic abnormalities found in this sarcoma 
reference may be made to the preyious paper (Makino and Yosida 1951). 

It has been stated seyeral times in the present paper that the tumor cells with 
the chromosome number of 40 or thereabouts, are the most frequent in this tumor, 
and that the yariation of the chromosome number of tumor cells takes place around 
the number 40, there being a wide fluctuation ranging between ±20 and ±80. 
Furthermore, the cells containing chromosome numbers lower than ±40 are more 
frequently found than those having a larger number than that. In these cases, 
as seen in Table 5, the fluctuation of the number is rather graduaL Such a gradual 
deviation of the chromosome number from the specific number (±40y seems to be, 
in greaLel [Jart, attributable to stickiness of chromosonlcs, chrOrllOS0!lle bridges, 
lagging of chromosomes, or nnequal distribution of chromosomes at anaphase. 
Stickiness of chromosomes usually form chromosome bridges at anaphase stretching 
between the poles (Figs. 11-14). Some chromosomes may be caught between the 
bridges, in which case they will mostly be excluded outside the nucleus. The 
fragmentation seems to occur in close association with the hridge-formation of sticky 
chromosomes. Often, a few chromosomes, two or tliree in number, lie extruded 
outside the nuclear palte or scattered in groups at an eccentric area on the equatorial 
plane (Fig. 14), due probably to the defIcient or incomplete "pindle formation. It 
may be these extruded elements that manifest themselves as the lagging chromo­
somes during anaphase. Or else, the laggards may comprise the chromosomes 
undergoing non-disjunction. Lagging elements to the number of 1 or 2 are most 
usual (Figs. 11, 27,28), but there are cases that show S, 6 or even 10 (Fig. 12). The 
size of laggards is also widely variable. The lagging chromosomes are either 
included in the separating chromosomes or fail to be taken into the daughter 
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nuclei. Unequal distribution of chromosomes at anaphase, or a migration of 
chromosomes in different numbers to poles, prohably influences the yariation of 
the chromosome number. This phenomenon by no means always concerns muIti­
polarity or polyploidy; it is abundantly seen in the bipolar spindle. Thus, stickiness, 
lagging of chromosomes and unequal ciistribution of chromosomes during anaphase 
may result in the production of nuclei in which some chromosomes are absent, 
or in which extra chromosomes are added to the speciilc number. Hence it follows 
that the gradual decrease or increase of the chromosome number at approximately 
the specific number 40 can be well explaineci by reference to the series of abnormalities 
such as above mentioned. 

The most probable explanation for the sudden reciuction of the chromosome 
number is connected with either the tripolar diyision or the elimination of some chro­
mosomes at telophase. The tripolar spindle is not always restricted to polyploidy; 
it is frequently seen in ordinary diploid cells. For instance, the results of observa­
tions made throughout the whole life span of a tumor rat, showed that 73 perr:ent 
of the multipolar mitosis was h'ipolar, 22 percent was quadripolar and only 5 percent 
was pentapolar. Tripolar division results in different numbers of chromosoms 
at three poles. For instance, Figure 15 shows a tripolar division which had taken 
place in a probably subdiploid cell with ±40 chromosomes: in one of the poles 
were found approximately the diploid number, wllile the other two poles showed 
about 27 and 11 elements, respectively. Figure 16 illustrates another example of 
a similar phenomenon; three poles showed ahout 40, 20 and 15 chromosomes, re­
spectively. Thus, the tripolar mitosis, when the division is completely finished, 
results in three cells with different chromosome numbers, and accordingly forms 
one of the causes for the sudden appearance of cells with greatly reduced chromo­
some numbers. The sudden decrease of the number may, on the other hand, 
possibly be explained by the elimination of some chromosomes lying off the equa­
torial plate. '/cry often, sonIc chromosomes lie extruded outside the nuclear plate 
or scatter in a group at an eccentric area on the equatorial plane (Fig. 14). These 
unusual elements, when they are not few in number such as 10 or thereabouts, are 
often extruded outside the (laughter nuclei at telophase and finally lost. Evidently, 
this results in the formation of nuclei in which for instance some 10 elements are 
ahsent. 

There is evidence suggesting that the restitution-nucleus constitutes the 
origin of the sub tetraploid cells. It is most likely that the fusion of two subdiploid 
nuclei with well-balanced ±40 chromosomes probably giyes rise to the subtetra­
ploid cell containing well-balanced chromosomes. This can strongly be supported 
by the occurrence of subtetraploid cells showing both a regular orientation of the 
metaphase chromosomes and a normal bipolar spindle. Figures 17 and 29 are 
probably cases being in process of fusion of two nuclei after separation to form 
a restitution-nucleus. The nucleus with subtriploid chromosomes can likewise 
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be we1l understood to arise through the fusion of two of three nuclei produced in 
the tripolar division, i. e., by the association of two nuclpj one of which contains 
sllbdiploid chromosomes and the other a reduced number of chromosomes as shown 
in Figure 15. nut, no direct ('\"idence has been met with as yet to support this 
in terpretation. 

The duplication of chromosomes without spindle formation, namely the 
process of the "o-called endomitosis resulting in chromosome multiplication within 
the nuclear membrane, has frequently been recogni!ed as a possible mechanism of 
the formation of polyploid r:ells (Levine 1931, Geitler 1839, Biesele, Poyner & Painter 
1942). This may also be applicable for explaining the formation of the subtriploid, 
snbtetraploid or other hyperploid cells in the present case. But there has been 
no evidence of endomitosis in this sarcoma so far as the observation has been gone. 

For the change of the nuclear contents, the multipolar divisions strikingly 
participate as direct or indirect causes. Generally, the multipolar divisions result 
in the production of either several nuclei with variable chromosome numbers in 
which case a multinucleate cell is often formed or a many-lobed restitution nucleus. 
Multipolarity is by no means always connected with polyploidy. The multipolar 
cliyision takes place either in snbdiploid cells and those with a reduced chromosome 
number, or in polyploid cells. The failure of synchronization in separation of 
chromosomes, which usually occurs in close association with partial breakdown 
of the spindle mechanism, may induce abnormal orientation of chromosomes and 
the latter leads to the formation of mutipolar or incomplete "pinele. For example, 
Figures IB and 31 show a tripolar division which results in the formation of three 
cells with different chromosome numbers. Figure 32 illustrates the same in which 
a binucleate cell and a mono-nucleate cell weve {ormeo. Figures 19 and 33 indicate 
a tetrapolar division illustrating three drlUghter cell,;, one of which contains two 
nuclei, while the other two each include a single nuclcu~. Figures 20 and 34 again 
show 3. tetra polar divi"ion which results in the production of two cells, Olle of lhelll 
having three nuclei ,md the othr:r a single nucleus. In Figures ~1 and 22 are depicted 
two cases of pentapolar division. Figure 21 (Figs. 35 and 36 also) illustrates the 
form:ltion of two cells. one having four nuclei and the otiJer a single nucleus, whereas 
in Figure 22 arc seen three cells, two of them with a single nucleus respectively and 
the: other with three nuclei. And further, most of the multipolar divisions contain 
lagging chromosomes, or often shmv unequal disirihution of chromosomes to poles. 
Thus, the multipolar division evidently gives rise to prominent multinucleate cells, 
highly influencing the numerical change of chromosomes in cells. Successive duplica­
tion of the above processes may result in very complicated contents of the nucleus, 
such as forming a giant cell. It is probable that, when the cell ha .. reached a certain 
size it would become inviable. In the giant multipolar Hletaphases, the chromo­
somes begin to disintegrate forming amorphous blocks. There is evidence which 
shows that the percentage of multipolar metaphases in the total is considerably 
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higher than that of multipolar anaphase. This seems to suggest that most of 
multipolar metaphases never reach the anaphase stage. A comparable feature 
was found bv Timonen & Therman (19.50) in human cancers. 

By way of summary, it may be said that various mitotic abnormalities, which 
may concern the behavior of the chromosomes or the cytoplasm or both, largely 
playa significant role in the nmnerical changes of chromosomes in tumor cells, and 
almost all of them lead to clegeneration and death of the cells. As already stated, 
this is probably due to the disturbance of the inner balance between the nucleus 
and cytoplasm. 

Here, attention should be paid to the fact that the degeneration of tumor 
cells by no means always depends npon the violent change of the chromosome number 

·or unbalanced rol~·ploidy. There are many tumor cells \vhich are undergoing 
clisintE'gration at the stag'e of metaphasf', The results of approximate counting of 
the chromosome 1111mber in these cells reyealed that the cells with the chromosome 
number 30- W undergo disintegration at a consider:l.ble rate (Table 7). Though 
nothing has bepn learned up to the pr('sent to explain this phenomenon, a view 
involving the natural dpath of tumor cells through karyolysis is very probable. 

Table 7. Approximate chromosome numbers observed in tumor cells which 
are undergoing disintegration at metaphase. 

Chromo numbers ! ±15~±20 I ±21~±30 ±31-±40 I ±41~±50 I ±51-±60 I 
- .. ~~--

Number of cells 
observed 

% 
34 

17.2 

103 

52.3 

----47 11 2 II 

23.9 5.6 1.0 
J 

Summary 

Total 

197 

100.0 

The mitotic rate and the ,-ariation of the chromosome number were observed 
in the Yoshida sarcoma, based on the {laily material which was obtained throughout 
the whole life span of the tumor rat in a transplant generation. On account of 
their high frefluency and definite rate of division, it can he concluded that there 
is a group or a strain of tumor cells with wf'll-balanced subdiploid chromosome 
number of 40 or thereabout'S, and that thcy primarily con~ribute to the growth of 
the tumor. 

The variation of the chromosome number takes place around the specific 
number ±40, there being a wide range of fluctuation from about 20 to approximately 
80. On the whole, the cells having lower chromosome numbers than ±40 arc more 
frequent than those with larger numbers than that. 

Some critical rpmarks were offered. on the mitotic abnormalities which signifi­
cantly concern the numerical changes of chromosomes in tumor cells. 
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Sonw considerations we're offefC'd on tlw mitotic capacitv in tumor cells with 
a fC'duced or increased chromosome number. 

Literature 

Barber H. C\. 1;)41. Chromosome \wha\-;()Llr in ["'lfilll'i". Jour. Ge)wt. 42: 223-257. 
J3i('s('k, J. J.. H. PO~'n('r & T S. Painter 1442 l'\Llcit'i1r phenomC'na in mouse' cance'rs. 

Uni\'. Texas l'ub1. 424:l : 1-68. 
(~citl('r. L. 14:19. Die Entstehung der polyploiclcn SomakE'rne cler H<'teroptC'rcn <lurcb 

Chromosomcn-teilung ohne T'\ernteiiul1g. Chromosoma i : 1-22. 
Kan''>, K. 1951. On the clll"Om0S0me numbers in the Yoshida sarcoma cclls. (In J<1]><lnes(·). 

Pap. Coorc!. Comm. Res. G('net. 2 : 47-55. 
Koller, I'. Ch. 194:l. Effects of radiation on pollen grain de\'elopment, differentiation anc! 

germination. Proc. \:{oy. Soc. Eclinb. 61 : 398-429. 
---- 1947. .-\hnormal mitosis in tumours. Brit. Jour. Cancer 1 : 38-47. 

Koller, 1'. eh. & D. W Smithers 1946. Brit. Jour. H.adiol. 19. (From Koller, H1471. 
L'~vine, 1\1. 1931. Studies in the cytology r;f cancer. Amer. Jour. Cancer IS: 144-211.. 
::\1akino, S. 1942. Studies on the muri ne chromosomes. 11. 1\\orphoiogical comparison "f 

the chromosomes between the wild form and the domesticated yariety of Rattus 
n0rv.?gic1ts Berl<. Jour. Fac Sci. Hokkaido Univ. Ser. YT, Zoo!. 8: 31-43. 

----- 1943. Studies on the murine chromosomes, lIT. ,'\ comparativE' stn<ly of 
chromosomes in fl\'e species of Rat/us. Ibid. 9: 19-57. 

,-__ 1951. An atlas of the chromosome numbers in animals. pp. 1-2QO. Towa 
State Coll. Press, Ames. 

- ---'- 1952. Cytological studies on cancer, II r. The charadcrisics and individuality 
of chromosomes in tumor cells of the Yoshida sarcoma ",I'icb contribute to the 
growth of the tumor. Gann 43, )J o. 1 (in press). 

::\hkino, S. ,~ T. H. Yosirla 1951. Cytological studies on cancer, 1. Morphological and 
statistical obsen'ations on the abnormal mitosis in tumor cells through a 
transplant generation of the Yoshida sarcoma. Jour. Fac. Sci. I-Tokkai<lo Uni\'. 
Scr. Yr, Zoo!. 10:209-224. 

::\Tathcr, K. 1942. The balance of polygenic combinations. Jour. Genet. 4:;: 309-3:H-i. 
Sax. K. 1942. 1'roc. )Jat. Acad. Sci. \\'a-;h. 28. (From Koller, 1947). 
S",inlson, G. 1945. Chromosome studies on Salmonidae. Rep. Swedish State Inst. Fresh­

water Fisch. Res. (Stockholm). Nr. 2:~ : 1-151. 
Tanaka, T. 1951. A simple squash technique applicable for the chromosomes of mam­

malian tisslle and tumor cells. Gann 42: 81-85. 
Timonen. S. & E. Therman 19S(). Tile changes in the mitotic mechanism o[ IIt1l11an 

cancer cells. Cancer Res. 10: 431-438. 

\\'inge. O. 1930. Zytologische Untersuchungen tiber cler Natur maligne!' Tumoren, II. 
Tecrkarzinomc bei 1\Eiusen. Z,~its. Zellf. mikr. Anat. 10: 683-735. 



242 S. IVlakino and J(. J{am1 

Explanation of Plate X 

AJI are camera-Iucida drawings of tumor cells; ca. x 1:~00, ('xcept Fig. 10, ca. x800. 
Fig. 1, metaphase plate showing 22 chromosomes. Figs. 2-6, nwtaphasc plat('s 

showing well-balanced subcliploid chromosomes; :l7, 39, 40, 41 and 42 chromosomes in 
each. Fig. 7, subtriploi(\ plate showing 60 chromosomes. Fig. 8, subtetraploicl plate 
showing SO chromosomes. Fig. 9, chromosomes of a blood cell, showing 42 clements. 
Fig. 10, metaphase plate of a giant cell, showing approximatcl\· 250 clements. Figs. 
11-12, ana-telophasE's showing lagging chromosomes. Fig. 13, chrnmoso1I1e bridges at 
telophase. Fig. 14, showing some chromosomes extruded from the equatorial plate. 
Fig. 15, tripolar mitosis, showing about 40, 27 and 11 chromosomes at three poles. 
Fig. 16, the same, showing about 40, 15 and 25 chromosomes at three poles. Fig. 
17, formation of rcstitution-ullcleus. Fig. 18, tripolar telophase. Fig. 19, tetra polar 
tdopi13se, showing the formation of a bi-nuclC'atc cell. Fig. 2>D, the 5;) 111 e, sh()\\'ing 
the form;)tion of a tri-nucleate cell. Fig. 21, pentapolar telophase, showing the forma­

tion of 8 tri-nncleat(' cell. Fig. 22, the same, showing the formation of " tri-nllclcate 
('('II. 

Explanation of Plate XI 

.\11 are photomicrographs of tumor cells. 
Fig. 23, monocytes, lymphocytes, lencocytes, etc. in the normal ascites of til(' white 

rat. Fig. 24, showing the degeneration of tumor cells of I"rge size found in tI,C 
tumor ascites few hours after transplantation (acetocarmine). Fig. 25, showin;.; two 
types of tumor cells, large and small, found in the tumor ascites about 20 110ms after 
transplantation (Giemsa). Fig. 26, showing two types of tumor cells, large and small, 
in the tumor ascites just after the tumor-animal's death (acetocarmine). Figs. 27-28, 
showin" lagging chromosomes at ana-telophase. Fig. 29, formation of restitution-nucleus. 
Fig. 3,0, tripolar te\,'phas('. Fig. 31, showing the formation of a oi-nucleate cell follow­
ing the tripolar di\·ision. Fig. 32, the same. Fig. 33, tetrapolar division, showing 
the fornution of a oi-nucleate cell. Fig. 34, tctrapolar cli\'ision showing a tri-nuckate 
celL Fig. 35-36, peulal-'ular lli\'isiuIlS IUlllling a tetra-nucleate cell. It Jg. ~'I, lnela­

phase plate of a giant cell, showing about 250 chromosomes. 23; x 400. 24-20, 34, :l6, 
37; x ()()(), 27-33, 35; x 1200. (S. Makino photo.) 
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