Chromosome Number of in Vivo and in Vitro Cultured
Krebs-2 Carcinoma of Mice- The Selective
Property of the in Vitro Culture Medium
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SUMMARY

The chromosome number of the Krebs-3 ascites carcinoma maintained in Swiss
mice was found to be grouped about a modal number of 78-79. After in vitro culture in
medium No. 858 (modified) containing 10 per cent calf serum, primary cultures showed
a shift to a smaller number of chromosomes. This medium when used for originating
single-cell cultures favored the selection of cells with a modal chromosome number of
64-65. The cell lines selected by the medium were, for the most part, stable with respect to maintaining the same modal number both in vitro and in vivo.

The number of chromosomes of strains of cells
cultured in vitro for a considerable time usually
increases (1, 6, 10). The work of Puck and coworkers (7) in which several strains of human cells
were kept in culture for 8-9 months without alteration of the chromosome number, and the work
of Saksela et al. (9) with heated and unheated
serum, suggest that the increase in chromosome
number usually observed in cells after culture for
a considerable time may be the result of growth
under suboptimal conditions. The latter workers
found that the great heteroploidy that prevailed
in their cultures of malignant cells in a medium
containing heated serum was reduced when fresh
unheated serum was substituted in the medium
for the heated serum. The result suggests that
some nutritional element(s) of the serum was inactivated by heating, or that toxic materials were
formed, resulting in suboptimal cultural conditions.
I-Iauschka and Levan (3)found that some in
vivo stock and clonal cultures of the Krebs and the
Ehrlich carcinomas of mice underwent a reduction
of chromosome numbers during a period of 3-5
years. I t was suggested that the reduction was a
result of an adjustment to the environment of the
in vivo culture conditions.
This is a report on the number of chromosomes
of the Krebs carcinoma cells grown in mice and in
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primary and clone cultures in vitro, and of clone
culture cells subsequently returned to mice. The
results indicate that the culture conditions exerted a selective influence by favoring the growth
of cells with a lower modal number of chromosomes than that which prevailed in the mouse,
and that usually the selected lines of cells were
rather stable, not only in vitro but also in vivo.
M A T E R I A L S AND M E T H O D S
The Krebs-3 ascites carcinoma has been maintained in this laboratory in Swiss mice since 1953,
when it was obtained from Dr. T. S. Hausehka of
the Institute for Cancer Research, Philadelphia,
Pennsylvania.
The synthetic medium No. 858 of Healy et al.
(4), modified as reported earlier (3), was used with
calf serum in the proportion of 9 parts of medium
to 1 part of serum. Clone cultures were prepared as
described earlier (3).
PREPARATION OF CELLS FOR
CHROMOSOME COUNTS

A. I n vitro.reCover-glasses (18 X 15 ram.)
were placed on the bottoms of 60-mm. pyrex petri
dish-type culture vessels, and 4 ml. of medium were
added. Cells in a drop or two of suspension from a
culture were distributed over and allowed to settle
upon the cover-glasses. After incubation for about
36 hours colchicine in solution was added to the
cultures to a concentration of 3 gg. per cent. In-
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COUNTING OF CHROMOSOMES

Of each preparation the chromosomes of 100
cells were counted (except mouse #~, from which
99 cells were selected). All cells in which the chromosomes were spread sufficiently for counting
were selected. The average error in counting was
considered to be 1-~ per cent in cells containing
up to 80 chromosomes and $-4 per cent in cells
containing 100 or more chromosomes.
RESULTS
The data are shown in Table 1; the following
m a y be observed:
The numbers of chromosomes of cells taken directly from mice were rather uniformly distributed
about a modal number of 78-79 (Table 1, 1-6),
with a small percentage of the cells containing
considerably larger numbers. The chromosome
numbers of cells in primary cultures, ~1-153 days
in vitro, shifted to lower values than those which
prevailed in cells taken directly from mice. The
data are insufficient to indicate whether or not the
chromosome numbers of the cell populations of
these cultures were uni- or multimodal (Table 1,
151, 157, 159).
The cells of all clone cultures, with one exception, initially had a modal number of 64-65. The
exception was culture No. 180S1, which at the
107th day of culture had a modal number of 1 ~ 1~6 chromosomes. The parent cell was large, and
as cell division progressed in the early stages of
clone development part of the progeny died and

disintegrated; it was doubtful whether the culture
would become established. The cells of this culture
were large for over 3 months; volume measurements showed t h a t they were twice the size of cells
which contained 64-65 chromosomes. Some time
after the 107th day in culture the large cells decreased in number until at the 165th day the
average size was one-half the original size and
equal to those cells containing 64-65 chromosomes.
I t was then found that the modal number of chromosomes had decreased to 64-65.
Initially the cells of clone culture 85S1 were
uniformly small. At the 149th day in in vitro culture the modal number of chromosomes was 64-65,
after which there was a shift to a larger number,
until at the ~59th day in culture 60 per cent of the
mitotic cells contained approximately twice the
original number; 31 per cent contained more than
131, distributed between 13~ and ~8~. I t m a y be
observed (Table 1) that there was a gradual return to a modal number of 64-65 during a period
of 66 days after these cells were returned to mice.
Cells of clone cultures 117S3 and 117S3S$ maintained modal numbers of 64-65 in both in vitro
culture and in mice and those of clone 130S1 after
shifting from an initially high number of chromosomes to a lower number remained constant in
both in vitro and in vivo.
DISCUSSION
The stability of clone culture 85S1 appears to
have been less in the in vitro medium than t h a t of
the other clone cultures, since there was a considerable shift to larger numbers of chromosomes.
However, the original selection by the medium
probably was of a cell of about 64-65 chromosomes, since earlier the modal number was 64-65
and since there was a return to that value after a
short period of growth in mice.
The culture medium appears to have offered a
distinct advantage for the growth of cells with a
modal number of 64-65 chromosomes, as indicated
by (a) the downward shift in the number of chromosomes in primary cultures maintained in vitro,
(b) the selection of clones with t h a t number of
chromosomes (Table 1, Cultures 117S3, 117S3S~,
85S1), (c) the change in the cells of clone 130S1
from a high chromosome number to a modal number of 64-65, and (d) the stability of the selected
clones at a modal number of 64-65 in mice, and
for the most part in in vitro culture.
I t seems to be a common experience t h a t it is
more difficult to initiate the growth of single cells
than of large numbers of cells in culture. "Symbiotic" aid among the cells enables larger numbers
to grow under conditions in which single ceils fail.
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cubation was then continued for 16-18 hr. The
cover-glass preparations were then treated with
a hypotonic salt solution for 30 minutes, followed
by a fixative composed of 8 parts of absolute ethyl
alcohol and 1 part of glacial acetic acid for 10
minutes or longer. The preparations were then
allowed to dry at room temperature according to
the method of Rothfels and Siminovitch (8) and
then stained with either aceto-orcein or by a dilute
aqueous solution of safranin O.
B. I n vivo.hA solution of colchicine (10-~0
rag. of colchicine/mouse) was injected intraperitoneally into mice 16-18 hours before removing
cells for examination. Cell-containing ascitic fluid
was lightly centrifuged to sediment the cells; the
supernate was discarded, and the cells were dispersed in hypotonic salt solution, which was allowed to act for 30 minutes. The hypotonic salt
solution was replaced by the alcohol-acetic acid
fixative for 10 minutes or longer. Small drops of
the ce!l-containing fixative were spread on coverglasses and allowed to dry at room temperature
before staining.
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I t is possible that in these experiments the cells
with the larger number of chromosomes were less
able to survive and grow without the "symbiotic"
aid of other cells than were those which contained
64-65 chromosomes. This would account for the
selection of clones containing the smaller numbers
of chromosomes.
Hsu and Kellogg (5) state that "in a cell population there may be several optimum classes of
genomes, each being suitable for one type of environment." Apparently, the medium used in
these experiments provided the environment more
suitable for cells of the genome with 64-65 chromosomes than for others.
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