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The Cell Cycle of Leukemia L1210 Cells in vivo and in vitro." 
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Leukemia L1210 has been and is being 
used extensively for evaluation of candidate 
anticancer agents. Ascitic cells of this nm- 
plasm can be cultured in vitro, and it has been 
demonstrated t k t  when cultured cells are 
implanted into mice, a disease indistinguish- 
able from Leukemia L12 10 results( 1). In 
view of the current interest in the relrution- 
ship between the phases of the cell cycle 
and the suscepticbility of cells to various drugs 
and other agents, it seemed desirable to deter- 
mine the length of the cell cycle and of the 
different phases of the cycle for these cells. 
I t  also seemed worthwhile to compare the 
cycles of cells proliferating in the mouse, of 
cells prolilferating in vitro, and of cells pro- 
liferating in the mouse follmving implanta- 
tion of cultured cells. If the cycle of cells in 
culture is similar to that of cells in mice, 
then the results of experimenlts with cultured 
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cells would have increased importance. 
Methods and materials. For in vivo experi- 

ments mice ( BDF1) were inoculated intra- 
peritoneally with 105 L1210 cells, and on 
the 6th day thereafter they were given thymi- 
dine- (me th~ l -~H)  (specific achivity, 6.7 c p t ~  
millimole) intraperitoneally at a dosage of 
1 pc per gram of body weight. Group of 3 
to 5 animals were killed by asphyxiation with 
carbon dioxide at various times following the 
injection of the radioactive substrate, and the 
ascites cells were taken in syringes containing 
small quantities of heparin and pooled. The 
cells were separated by centrifugation in a 
clinical centrifuge and suspended in 4 ml of 
cold 0.1 M citric acid. The tulbe containing 
the suspension was placed in a water bath 
at 37°C for minute, and the cells were 
again collected by centrifugation. (In experi- 
ments in which the initial number of cells 
per unit volume was large, only a portion of 
the suspension of the cells in citric acid was 
used for the remainder of the procedure.) 
The cells were suspended in 0.4 ml of ethanol- 
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acetic acid (3: 1, v/v) and allowed to stand 
for 4 minutes. Volumes of 0.1 ml of these 
suspensions were placed on microscope slides 
and allowed to dry at  room conditions. The 
dried slides were immersed in 1.0 N hydro- 
chloric acid at  60°C for 6% minutes and 
then rinsed sequentially in water and ethanol. 
This procedure for preparing slides is essen- 
tially that described by Puck, Sanders, and 
Petersen( 2 ) .  The slides were dipped in a 30% 
aqueous emulsion of Ilford Nuclear Research 
Emulsion, Type K-2. After an exposure pe- 
riod of 1-4 days, the slides were developed 
and stained in a 0.3% solution of toluidine 
blue in a 1.0% borax solution( 3). loo0 nuclei 
per slide were classified and scored as un- 
laibeled interphase, labeled interphase, unla- 
beled metaphase, or labeled metaphase (for 
counting purposes no distinction was made 
between metaphase and anaphase) . 

Leukemia L1210 cells were taken from 
BDFl mice and used to initiate a line of 
cuhtured cells by the procedure of Dixon 
et aZ( 1). In the course of the next 8 days, 
the cultures were subcultured 6 times With 
fresh medium being added each time. On the 
8th day the cells were inoculated intraperi- 
toneally into mice, each mouse receiving 105 
cells. The resulting ascites celk were serially 
transplanted each 6 or 7 days into other mice. 
Animals of the 3rd serial transplant group 
and of the 9th serial transplant group were 
used for experiments similar to  those de- 
scribed in the preceding paragraph. 

In in vitro experiments cultured L12 10 cells 
of the 29th and 58th subcultures were used as 
inocula for culitures to be used €or cell cycle 
analysis. 400 ml of medium was inoculated 
with enough cells to give l@ cells per ml. 42 
hours later thymidine- ( rneth~l-~H) (specific 
adivity, 6.7 c per millhole) was added to give 
a concentration of 0.015 pm A. A€tm e.n 
additional 30 minutes, non-radioactive thy- 
midine was added to give a concentration of 
3.6 p g  per ml. (This is a 6,650.fold dilution 
of the labeled material.) Thereafter, 3 - d  
samples of the culture were taken each 30 
minutes far the first 2 hours and each hour for 
the ensuing 36-40 hours. These samples were 
centrifuged, and the cells were used for the 
preparation of stained slides and radioaute 
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FIG. 1. The percent of labeled metaphas Leu- 

kemia L1210 cells at various times followhg pulse 
exposure to thymidine-(methyl-%). A, cell h e  
maintained by serial transplantation in mice; B, 
cell line obtained by serial transpkmk&on in mice 
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Cells. 

gram as described above, and cells were 
counted and scored in the sane way. 

Results and discussion. Fig. 1 shows the 
percent of labeled metapihase cells at various 
times following injection of thymidine- (meth- 
yL3H) into the animals bearing serially trans- 
planted L1210 cells (upper portion of the 
figure) and into animls bearing L1240 cells 
derived from cultured cells (middle pMtiion of 
figure). The bottom portion of the figure 
shows the % of labeled metaphase cells fol- 
lowing the introduction of thymicline3H into 
the growth medium of the cultured cells. The 
similarities of the 3 sets uf curves are striking. 
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Analysis uf these curves for the estimation of 
the duration of the d l  cycles a.nd the various 
phases of the cycles was accomplished by 
a method that is essentially the sitme as that 
which has been used by numerow investi- 
gators (4), but the midpoints Olf the respective 
ascents and descenb of the curves were used 
rather than the 50% points. The lengths of 
the total cycles were measured by the tima 
Mween the midpints of the 1st and 2nd 
ascents of the cuwes rather than the times be- 
tween the midpoints of the plateaus, since less 
e m r  resulting from differences in the rates of 
progress of individual cells through the phases 
of the cycle would be involved. The duration 
of m&aph4ase plus anaphase was calculated 
fmm the total cycle time and the observed 
mitotic index. Table I contains data obtained 
in the analysis of the curves and the values 
obtadnd for the lengths of the phases. 

These data indicate that the cells trans- 
planted serially in animals, the cultured cells, 
and the cells ttamplanted serially in animals 
following several generations in culture have 
essentidly the m e  cell cycles. These results 
are consistent with the previ.olus observation 
that the number of cells from culture required 
to cause d&th of animals in a given length of 
time is essentially the =me as that 0;bSlerved 
fix cells grown in vivo( 1,s). I t  is of internest 
that the cells synthesize DNA during about 
76% of the cycle, and thus a large portion of 
the population of cells should be affec!ted by 
agents that inhibit only cells in this phase of 
the cycle. This information has been used ad- 
vantageously in devising a d w g e  schedule 
for the administration of l-p-D-arabinofu- 
ranosylcytosine to animals bearing Leukemia 
L1210(6). 

The generation time observed in these ex- 
periments (15.7 hours or 0.65 day) is com- 
parable to the observed time required for the 
number of L12 10 cells to double in the mouse 
(0.55 da.y)(5,6,7). This doubling time is 
the average based upon a number of doblings 
in mice following inoculation of various 
numbers of cells. There was some evidence 
that the doubling time increased when the 
n m k  of oells in the animal became large 
(8). Since the determinations of generation 
times in the present study were made on the 
6th day following the inoculation Olf 106 cells, 

there would be 107-108 cells in the animal a t  
the time of the experiments, and the gener- 
ation time might be longer than that which 
wouald be o h d  at a lower cell density. 

The data for the cell cycle and its phases 
obtained in these experinrenits were usled to 
calculate the expecjtedi labeling index fm 
thymidine3H by the method of Cle~ver(9). 
The values in the last 2 columns of Table I in- 
dicate that in the in vivo experiments the ob- 
saved labeling index was considerably below 
the calculated index, but for the cultured cells 
the obsermd and calculated indices were ap- 
proximately the same. The reason for the low 
labeling index in vivo is not presently known. 
Summary. The cell cycles of Leukemia 

L1210 cells proliferatinlg in mlice after serial 
transplantation, proliferating in mice follow- 
ing inoculation of cultured cells, and prdif- 
erating in vitro in spinner cultures have been 
examined by the method of waves of labeled 
mitoses following pulse exposure to thymidine- 
(methyl-3H). The cycles for the 3 groups of 
cells were essentially the same. The followhg 
meam values were obtained: Tc, 15.7 hr; 
Ta,, 1.5 hr; TM, 0.5 hr; Ts, 11.7 k; TO,, 
2.0 hr. 
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