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The study of the particular features of separate periods of the mitotic cycle in tumor 
cells and the possibility of transition from them into the resting state, and the reversibil- 
ity or irreversibility of these transitions are of undoubted interest. Data have recently 
been published on the transition of ascites tumor cells from the postsynthetic G2 period 
to the resting state (R2 or Q2) and the possibility that such cells may return to the mitotic 
cycle in response to stimulation of division [6-11]. However, the available data on this 
problem are by no means complete, and in some details they are also contradictory with re- 
gard to ascites tumors of different origin [5, 12]. 

The object of this investigation was to study these matters so far as mouse ascites 
hepatoma 22a (AH22A) cells are concerned. Attention was concentrated on determination of the 
size of the subpopulation of cells in the reversible resting state R2 and their role in pro- 
liferation of AH22A at different stages of development, 

EXPERIMENTAL METHOD 

The Gel'shtein AH22A was used. The tumor was maintained by inoculations of 0.25 cm 3 of 
ascites fluid (about 40.106 cells) at intervals of 2 weeks in C3HA mice. 3H-thymidine was 
injected in a dose of 0.2-0.3 ~Ci/g and colchicine in a dose of 0.5-0.75 ~g/g. The prepara- 
tions were covered with liquid type M emulsion and exposed at 4~ for 2-4 weeks. The number 
of mitoses was determined by counting i000 cells in each animal and was expresse d in pro- 
mille. 

EXPERIMENTAL RESULTS 

It was shown previously that during development of AH22A the total duration of the mi- 
totic cycle is increased on account of an increase inthe duration of all its periods~ includ- 
ing the postsynthetic G2 period. The mean duration of this period increases from 2.6 h in a 
tumor on the 2nd day of development to 16 h in the terminal tumor [i, 3], In the present 
investigation the size of the G2population (cells in the G2 period of the mitotic cycle) was 
determined at different stages of development of the AH22A. For this purpose, after injec- 
tion of aH-thymidine mitoses during 4-6-hourly intervals were collected with colchicine un- 
til the 100% (or about 100%)level of labeled mitoses was reached. Naturally, as the tumor 
aged and the duration of the G2 period lengthened, the collection time was increased. In tu- 
mors on the 2nd day of development it was 6 h, on the 5th day 18 h, the 8th day 24 h, the 
llth day 32 h, and in the terminal tumor (14th day) it was 48 h. The totalof all unlabeled 
mitoses collected in such experiments gave the size of the G2 subpopulation. The results are 
given in Table i. The size of the G2 subpopulation varied relatively little during develop- 
ment of the tumor, but was rather smaller in the later stages. The sizes of any of the sub- 
populations of cyclic (i.e., in the mitotic cycle) cells at each stage of development of the 
tumor were determined by the relative duration of that period in the mitotic cycle and by the 
size of the proliferative pool (a reduction in the pool due to an increase in the number of 
noncyclic ce~is leads to a decrease in each subpopulation of cyclic cells). As will be clear 
from Table i, interaction between these factors for the G2 subpopulation leads to maintenance 
of the relative stability of its size. 
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TABLE i. Changes in Size (in~ of G= Subpopulation and of Cell Subpopulation in Re- 
versible Resting State R2 at Different Stages of Development of AH22A (M • m) 

Index studied 

Size of Ga subpopulation (determined in 
the absence of transplantation) 

Size of G 2 subpopulatlon + subpopulation 
of cells in reversible resting P~ state 
(determined during stimulation of divi- 
sion) ] 

74_ 12 65• 

67• 
2 

Age of tumor, days 

8 11 

50• 46 

66 78_+ 11 
16 32 

( t e r14a l )  

42 

89• 
47 

18 
(delayed) 

28~9 

Note: Results of 3-5 experiments in each of which from six to 30 animals were used are 
given; where errors of means are not shown, mean results of two experiments are given. 
Size of G= subpopulation shown with allowance for increase in total size of population 
of tumor cells during collection of unlabeled mitoses. 

During transplantation of AH22A of different ages into a new host, sharp stimulation of 
division takes place. During the first few hours cells moved into mitosis on account of short- 
ening of the duration of the G= period. In addition during stimulation of division cells 
could also proceed from the reversible resting R= state into mitosis. If simultaneously with 
transplantation aH-thymidine was injected and the mitoses subsequently collected with colchi- 
cine, the number of unlabeled mitoses collected (their overwhelming majority made the transi- 
tion in the first 6 h after transplantation) and consisted of the sum of the G= subpopulation 
and the subpopulation of cells in the reversible resting R2 state. The relative number of 
these cells was determined during transplantation of AH22A of different ages (Table i). At all 
stages of development of the tumor the number of unlabeled mitoses collected with colchicine 
during stimulation of division was greater than their number in the G= subpopulation; this 
difference (A) increased somewhat during aging of the tumor. The presence of a difference in 
the sizes of the subpopulations of the cells in question evidently indicates the existence 
of cells in the reversible resting R2 state, and also that the size of this subpopulation is 
increased toward the later stages of tumor development. 

After transplantation of a delayed (18 days) tumor [2] the number of unlabeled mitoses 
collected by colchicine was reduced (to 28%o compared with 89%o in theterminal tumor). It 
was shown previously that during 4 days of delay the number of cells in irreversible resting 
states in AH22A increases considerably [4]. The transition to the irreversible resting state 
evidently also took place in the case of cells from the G= period and from the irreversible 
resting R2 state. 

The conclusion that cells in the irreversible resting R= state were present and that 
their number gradually increased can also be drawn from the results of experiments conducted 
by a different scheme. In them, mice with AH22A at the 8th and llth day of development were 
injected with 3H-thymidine at intervals of 8-12 h for 24 and 32 h and mitoses were collected 
(at 4-hourly intervals) during the 12 h after the last injection of isotope, either without 
transplantation or with stimulation of division by transplantation (in the latter case the 
last injection of 31l-thymidine was given at the moment of transplantation), In the experi- 
ments without transplantation, only i%o of unlabeled cells achieved the transition into mi- 
tosis in 8-day AH22A (and~ moreover, only in the first 8 h), compared with 3.5O/oo in the ll- 
day tumors. In this case unlabeled mitoses corresponded to division of cells with the maxi- 
mal duration of the G= period. In the experiments with stimulation of division, in the case 
of transplantation of an 8-day tumor 15.5%o of cells made the transition to mitosis in the 
early stages after transplantation, compared with 27%o of unlabeled mitoses in thecase of 
transplantation of the ll-day tumor. Most of the latter were eyidently cells brought out of 
a reversible resting R= state under conditions of stimulation of division. In each of the 
experiments six animals were used and numbers of unlabeled mitoses were aggregated, 

To answer the question how long cells can remain in the reversible resting R~ state in 
the terminal stage of development of AH22A, the following experiments were conducted, 3H- 
thymidine was injected at 12-hourly intervals for 36 or 48 h into mice with a tumor at 13-14 
days of development, after which the tumor was transplanted into intact mice and mitoses were 
collected by colchicine in the early stages after transplantation. If the label was injected 
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for a period of 36 h, 7.8 • 2.1%o of unlabeled mitoses were collected after transplantation, 
If, however, the label was injected for 48 h, hardly any unlabeled mitoses were found (only 
0.25 • 0.25%0; five animals were used in each experiment). The facts are evidence that in 
the terminal stage of development a few cells may be in the G2 period and then in the rever- 
sible restingR2 state for over 36 h, but this time cannot be increased to 48 h, With an in- 
crease in the length of stay in the reversible resting R2 state the cells evidently proceed 
into the irreversible resting state. 

During development of AH22A the size of the G2 subpopulation thus undergoes relatively 
little change, probably as a result of interaction between the factors determining its size, 
Between the 5th day of development and the terminal stage, a subpopulation of cells in AH22A 
can be found in the reversible resting R2 state, and which return to the mitotic cycle in the 
early period after stimulation of division. The size of this subpopulation increases some- 
what as the tumor ages. However, in the terminal stage its size is small (47%o), and on that 
account there can be no question of any significant accumulation of cells in the reversible 
resting R2 state. This state of affairs and the fact that the size of the G2 subpopulation + 
the subpopulation of cells in the reversible resting R2 state is reduced in a delayed tumor 
are evidence that the R2 state is a relatively short-term transient state during emergence 
of the cells from the G2 period of the mitotic cycle, 
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The fact that communication between cells taking part in immunologic reactions takes 
place is not nowadays in dispute. However, the nature of this communication and the extent 
to which changes in it determine the character of the pathological process has not yet been 
investigated. Many workers [i, 4] consider that the development of the immunologic response 
is determined by cooperative relations between cells belonging to the systems of specific and 
nonspecific immunity. 

We know that the development of a pathological process is based on insufficiency or dis- 
turbance of certain components of coordinating systems. However, despite much research in im- 
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