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SUMMARY

A line of C3H mouse embryo cells highly sensitive to
postconfluence inhibition of cell division, designated C3H/
10T1/2, has been established, and a clone from this line
(clone 8) has been characterized at early and late passages
(200 to 450 days in culture). The cells of clone 8 are approx
imately 1730 cu urn in volume, their plating efficiency is 12
to 30%, their average generation time is 15.5 hr, and their
saturation density is 2.9 to 3.8 x IO4cells/sq cm. The cell
survival is 30% after freezing in 10% dimethyl sulfoxide
and storage in liquid nitrogen. The cells of this clone are
negative with respect to the spontaneous expression of C-
type RNA murine viruses and viral antigens. Tests for
mycoplasma contamination are negative. All the cells of
this line are aneuploid with a stable mode of 81 chromo
somes (40 to 60% of cells). Tests for tumorigenicity at all
passages were negative. No spontaneous transformation in
vitro has been observed in the stock cultures transferred on a
regular schedule.

INTRODUCTION

Chen and Heidelberger (8) were the first to report the
establishment of a cultured line of mouse cells suitable for
studies of malignant transformation with polycyclic hydro
carbons. A line of fibroblasts derived from ventral prostates
of inbred C3H mice was very sensitive to "postconfluence
inhibition of cell division" [a term proposed by Martz and

Steinberg (18)] and was used for a variety of studies in this
laboratory (9, 10, 12, 13. 16, 17, 21, 22). Recently, DiPaolo
et al. (11) reported the use of a clone of BALB/3T3 cells
(obtained from Dr. S. A. Aaronson and Dr. G. J. Todaro)
for similar purposes. Those cells are well known for their
high degree of sensitivity to postconfluence inhibition of cell
division, they remain unaltered and nontumorigenic after
many passages in culture (13), and they have been used
widely for a variety of studies of oncogenic viral transforma
tion (3, 29). Heidelberger (14) has very recently reviewed the
subject of chemical oncogenesis in culture.

We now report for the 1st time the establishment of a line
(designated C3H/10T1/2) of embryo cells from C3H mice
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that are very sensitive to postconfluence inhibition of cell
division and the characterization of a clone (CL83) from this
line. The cell volume, growth rate, saturation density, chro
mosome mode, tumorigenicity, and state of the cells with
respect to C-type RNA viral expression were determined.
In properties and in their unusual stability after prolonged
culture, the C3H/10T1/2 CL8 cell line resembles the
Swiss/3T3 and BALB/3T3 cell lines.

Todaro and his colleagues established the Swiss/3T3 line
(30) and the BALB/3T3 line (2) and stressed the impor
tance of minimizing cell contact in order to select the cells
most sensitive to postconfluence inhibition of division dur
ing the routine culture procedures. This was accomplished
by a rigid 3-day transfer schedule of a relatively low inocu
lum of cells (3 x IO5cells/60-mm Petri dish). The cells on

this schedule were called 3T3 cells. The cell line C3H/
10T1/2, described in detail in this report, was established
using a modification of the above procedure.

MATERIALS AND METHODS

During the establishment of the lines and for experiments,
cells were cultured in plastic Petri dishes (Falcon Industries,
Oxnard, Calif.) (60 or 100 mm). Once established, stock
cultures were always maintained in Falcon plastic tissue cul
ture flasks (25 or 75 sq cm) without antibiotics. Cultures
were incubated in humidified incubators (Forma Scientific,
Marietta, Ohio) at 37Â°with an atmosphere of 5% CO2 in

air. The screw caps of flasks were loosened to allow diffu
sion of CO2. The complete medium used in all experiments
and in stock cultures was Eagle's basal medium from Grand
Island Biological Co. (Grand Island, N. Y.) and 10% heat-
inactivated FCS from Grand Island Biological Co. For
long-term experiments in Petri dishes, 100 units of peni
cillin per ml and 50 Â¿jgof streptomycin per ml (Pfizer,
New York, N. Y.) were added to the medium.

The establishment of the C3H mouse embryo primary
cultures was done according to the procedure that Aaronson
and Todaro (2) used for BALB/3T3 cells. Pregnant females
of the inbred C3H Heston strain of mice were supplied by
the Drug Development Center of the NIH. The C3H/
10T1/2 series was initiated when 60-mm dishes were seeded
with 12 x IO5cells for the 1st 8 passages. From the 13th
passage, the dishes were seeded with 0.5 x IO5cells/60-mm

3The abbreviations used are: CL8. clone 8: FCS, fetal calf serum;
DMSO, dimethyl sulfoxide.
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dish and were transferred every 10 days. The medium was
changed on the 5th day. This line was designated C3H/
10T1/2 to be consistent with the nomenclature of Todaro
and Green (30).

Cloning was done by the generally accepted ring isolation
technique of Puck et al. (23). Using this procedure, 8 clones
were picked from C3H/10T1/2. One of these, C3H/10T1/2
CL8, is described in detail in this report.

C3H/10T1/2 CL8 cells are handled in the following
manner. Stock cultures are maintained in 25-sq cm Falcon
plastic flasks. The cells are transferred every 10 days and
new flasks are seeded with 0.5 x IO5cells each. For passage,
cells are first washed with 4 ml of Ca ++- and Mg ++-free
phosphate-buffered saline, then trypsmized for 5 to 7 min
with 2 ml of 0.1% trypsin (Difco, Detroit, Mich.) until the
cell sheet is completely dispersed to single cells. A sample is
taken for cell count with a hemocytometer. One ml of com
plete medium is added to the cell suspension and the cells
are centrifuged at 600 rpm for approximately 5 min. The
supernatant fluid containing the trypsin is removed and the
cells are resuspended in medium. New flasks are then each
seeded with 0.5 x IO5 cells in 4 ml of medium. A medium

change is made on the 5th day after seeding and on the 10th
day the cells are again passaged.

Plating efficiencies were determined by seeding cells in
60- or 100-mm Falcon plastic Petri dishes. Cells were fixed
with methanol and stained with Giemsa (Matheson, Cole-
man, and Bell, Norwood, Ohio) at the single-colony stage,
usually between the 7th and 10th day after seeding. Colonies
were counted and the plating efficiency was thus deter
mined.

To determine the growth rate of C3H/IOTI/2 CL8 cells,
60-mm Petri dishes were seeded with 5000 cells. At 24-hr
intervals, 3 dishes were taken from each group, the cells
were trypsinized, and the number of cells were counted using
a Model B Coulter (Coulter Electronics, Hialeah, Fla.)
counter. A medium change was made on the 5th day after
seeding. Results were plotted on semi-log paper and the log
phase of growth was defined as the linear part of the curve.
The determination of the number of generations in an inter
val of time was calculated using the formula, g = (log N -
log /V0)/log 2(15), where N is the number of cells at the end
of the time interval and /V0 is the number of cells at the be
ginning.

Saturation density studies were done in the following
manner. Groups of 12 Petri dishes (60 mm) were seeded
with different numbers of cells in complete medium. Every
3rd day until the 18th day a medium change was made on
all cultures and 3 dishes from each group were trypsinized
and the cells counted.

The cell size distributions were determined using the au
tomatic plotter (Model J) of the Coulter counter (Model B),
standardized with ragweed pollen (diameter of 19 to 20
urn). Cells for this determination were obtained from cul
tures 4 days postconfluence.

Chromosome preparations were made by the procedure
of Rothfels and Siminovitch (25).

Tests for mycoplasma contamination were done in our
laboratory according to the procedure of Allen et al. (5).

Although we have, found this procedure to be a sensitive and
convenient way to screen for most types of mycoplasma, we
have also sent our lines, including C3H/10T1/2 CL8, at
Passage 5 and Passage 27, to the PPLO Testing Service of
Microbiological Associates, Bethesda, Md., where addi
tional tests were done; our negative findings for PPLO were
confirmed. Since antibacterial and antimycotic agents are
not used in the medium for our stock cultures, there is no
problem of masking chronic bacterial or mycotic infections
with these agents or causing the emergence of L forms of
bacteria.

Two methods of freezing cells for long-term liquid nitro
gen storage were compared and the preservative effect of 2
additives was also compared. Either 10% glycerol (Mathe
son, Coleman, and Bell) or 10% DMSO (Aldrich Chemical
Co., Milwaukee, Wis.) was used. All samples for this com
parison were prepared from 1 large pool of C3H/10T1/2
CL8 cells at Passage 5 growing in log phase. Controls were
unfrozen cells from the same pool. The cells (5 x IO5) were
frozen in small glass vials in a 1-ml volume of complete me
dium containing the additive. The 1st and generally ac
cepted method ft based on initial equilibration of the pre
servative with the cells followed by slow freezing (20). In the
2nd procedure, which has been successfully used for several
types of cells (19), the period of equilibration and the sched
ule of slow freezing are omitted, and the cells are placed
directly into the vapor phase of the liquid N2 for rapid
freezing. Thawing for revival of cells is done rapidly in both
procedures, and cell survival is measured by plating effi
ciency.

Tumorigenicity tests were done in C3H mice. Each ani
mal was inoculated s.c. with a minimum of IO6 cells in 0.25

ml of complete medium. Some mice were irradiated with
550 rads 24 hr prior to inoculation, using a I37Cs source. All

animals were kept for observation for a minimum of 18
months after inoculation.

RESULTS AND DISCUSSION

Establishment of C3H/10T1/2 Cells. The C3H/10T1/2
cell line was initiated from the same pool of mouse embryo
cells as described in "Materials and Methods." Because of

the sharp decline of cell growth during the early passages
and the requirement for a high inoculum at each transfer, at
Passage 9 there were sufficient cells to seed only 1 dish
(Chart 1). The cells were observed to have a particularly
desirable morphology (see below). It was decided to place
them on a less rigid transfer schedule in order to minimize
the risk of losing them. The cells were then placed on a 10-
day transfer schedule with a medium change on the 5th day.
No dilution of cells was made until cell counts and micro
scopic observations indicated that the cells were entering a
period of more rapid growth. This occurred about Passage
11 or 12 (Chart 2). At Passage 12 the cells were seeded at
3 x 105/60-mm Petri dish. It was observed that confluence

was quickly attained in 3 days, and few mitotic figures were
seen from the 3rd through the 10th days. This would be the
case if the cells were highly sensitive to postconfluence in-
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Chart I. Growth rate of C3H/3T12 mouse embryo cells on a 3-day

transfer schedule. Each poinl represents the ratio of cells harvested on
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Chart 2. Growth rate of a single dish of C3H/3TI2 cells placed on a
10-day transfer schedule. No dilution of cells was made until Passage 12.
At Passage 13 the cells were seeded at ' 2 x 10s, transferred every lOdays,

and thereafter designated as C3H/IOT1/2 cells, x, number of cells seeded;
Â»,number of cells harvested.

hibition of cell division (18). Therefore, in order to minimize
cell contact postconfluence and yet to keep the convenient
10-day transfer schedule, cells were seeded at 0.5 x IO5

Establishment of Cell Line from C3H Mouse Embryo

cells /60-mm Petri dish and transferred every 10 days. A
medium change was made on the 5th day. By the 10th day
when the cells were transferred, the cultures had just at
tained confluence (5 x IO5cells/60-mm dish) but the satu
ration density (7.5 x IO5 cells/60-mm dish or 3.6 x IO4
cells/sq cm) had not been reached (Chart 2). C3H/10T1/2
cells have now been in culture for over 450 days on a modifi
cation of this schedule in 25-sq cm flasks (see "Materials
and Methods"), have remained remarkably stable, and have

not spontaneously transformed.
Cloning of C3H/10T1/2 Cells. C3H/10T1/2 cells were

cloned at Passage 20 (after 150 days in culture). Eight
clones of identical morphology and behavior were obtained.
Two of these were later lost to contamination. Five of these
were frozen and stored in liquid N2 for study in the future.
One of these clones (CL8) has been characterized, and the
studies described below were all done with CL8 between the
5th and 30th passage after cloning (200 to 450 days in cul
ture).

Morphological Observations of C3H/10T1/2 CL8. From
an early passage, the cells of the C3H/10T1/2 line dis
played a characteristic morphology. They are small some
what rounded fibroblast-like cells with long cytoplasmic
processes in nonconfluent or sparse cultures (Fig. 1). When
confluent they form flat even monolayers, the cells appear
somewhat epithelioid, and the nuclei are evenly spaced
(Fig. 2). We have not seen any change in the morphology of
C3H/10T1/2 CL8 cells during the more than 450 days in
which we have observed them in continuous culture.

Plating Efficiency. The colony-forming ability or plating
efficiency of C3H/10T1/2 CL8 cells was determined at
Passage 10 and Passage 25 by plating 200 cells in 60-mm
Petri dishes. The plating efficiency was 27.8% at Passage
10 and 28.2% at Passage 25 and, therefore, was unchanged
after prolonged passage (150 days).

Cell Size Distribution. Determination of cell size distribu
tion was done on C3H/10T1/2CL8 cells obtained from con
fluent cultures. Under these conditions, most of the cells
are arrested in G,. The average volume of the cells was
1730 cu urn in 3 separate experiments, and there was a
single size mode. There was no difference in the size dis
tribution at Passages 10 and 32.

Growth Properties. Studies were done to determine
growth rate, confluent density, saturation density, and the
effect of added serum on the saturation density of C3H/
IOTI/2 CL8 cells.

The generation time of the cells in log phase under the
conditions described was calculated as 15.5 hr at Passage
9. The growth rate experiment was again repeated using the
same continuous line of cells at a later passage (Passage 32)
and an earlier passage (Passage 9) of cells that had been
revived from liquid N2 storage. The generation time was
again 15.5 hr at the early passage and was 16.5 hr at the
later passage, an insignificant change (Chart 3). When the
experiment was terminated at 10 days, the Petri dishes with
the early and late passage cells were freshly confluent.

Determination of saturation density was done on cultures
seeded with different inocula of cells and kept 7 to 10 days
postconfluence with medium changes every 3 days. Under
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Chart 3. The growth rate of C3H/10T1/2 CL8 cells at Passage 9 (x)

and Passage 31 (â€¢)in Eagle's basal medium and PCS with a medium

change on the 5th day. Calculation of generation time during log phase was
15.5 hr at Passage 9 and 16.5 hr at Passage 32.

Table I
The effect of serum concentration on the final saturation density" of

Ci HI IOTI 12 CLSI Passage 10 cells after prolonged culture in Petri
dishes (60 mm) seeded with 1000 cells

% PCS
in medium10101055No.

of
medium
changes
weekly11212Total

days in
culture1042424242Av.

densityx

lOVdish5

Â±0.01"7.4

Â±0.6"9.1
Â±0.6r7.6
Â±0.1"7.7
Â±0.5Â°of

6 dishesx

IO4/
sqcm2.43.54.33.63.7

"Saturation density is defined as the maximum cell density attained
under specified culture conditions. It is usually higher than confluent
density, the cell number which forms a smooth continuous monolayer.

"Confluent density.
' Significantly higher at the 99% confidence level as determined by

the t test.

Table 2
Chromosome numbers ofC3H/lOTI/2 CL8 cells

Passageno.5591026Metaphasescounted2181595853Mode81XI818181%
cells in
mode4360445042

Table 3
Inoculation of C3H/IOTIÂ¡2 CL8 cells into isologous mice

Mice were inoculated s.c. at 3 to 6 weeks of age.

C3H/IOT1/2
CL8/

PassageA'45667891020B48102024No.ofmice16223343433433Cellsinoculated2

xIO65
x10s1
x10Â«2
x10'1
x10'1
x10"5
xIO51
x10Â«2
x10Â«2

x10Â«4
xIO65
x10Â«2
x10Â«1
x 10'Mice

with
tumors"0/10/60/20/20/30/30/40/30/40/30/30/40/30/3

" First inoculations were done 18 months ago and animals are being ob
served for at least 18 months.

" A, unirradiated mice; B, mice irradiated with 550 rads 24 hr prior to

inoculation.
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Chart 4. The effect of seeding different numbers of C3H/IOT1/2 CL8
cells on the growth rate and final saturation density. The cells were seeded
in 60-mm Petri dishes. A medium change was made every 3rd day. x, 500
cells seeded: â€¢¿�,5,000 cells seeded; â€¢¿�50,000 cells seeded; A. 500,000 cells
seeded.
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these conditions the saturation density was approximately
6.5 x IO5 cells/60-mm dish (3.1 x IO4 cells/sq cm) and

was the same regardless of the number of cells seeded
(Chart 4). The saturation density attained was 30% higher
with the continued medium changes than the confluent
density of 5 x 105/60-mm dish (2.4 x IO4cells/sq cm), a

phenomenon also found in Swiss/373 cells (18). This ex
periment also shows that the rate at which the population
doubles is affected by the numbers of cells seeded, a specific
criterion of cells sensitive to postconfluence inhibition of
division as defined by Martz and Steinberg (18).

The effect on saturation density of renewing the medium
twice weekly or weekly and of using 5 or 10% PCS was de
termined under conditions where cultures were kept for 6
weeks with no transfers but with continued medium
changes. The results of this experiment show an increase in
the saturation density of the cells grown in 10% PCS and
given twice weekly medium changes over the other 3 groups
(see Table 1), indicating that despite the high degree of sen
sitivity to postconfluence inhibition of division, the cells of
this line do respond to increased serum concentration by
reaching a higher saturation density, a phenomenon which
also occurs in Swiss/3T3 cells (7). In this experiment after 6
weeks, 6 cultures were stained from each group for mor
phological observation. Despite the long period without
transfer, the cultures were healthy. In the accompanying
paper (24), we shall report the effect of increased levels of
PCS on chemical transformation.

Chromosome Studies. Chromosome preparations were
done on C3H/10T1/2 CL8 cells at Passages 5, 9, 10, and
26. The modal number of chromosomes was 81, which is
hypertetraploid for mice (2/V is 40). The mode remained
stable through the 26th passage (Table 2) when it was last
tested. No metacentric marker chromosomes were seen.
However, a small chromosome was seen in 85% of cells at
Passage 5 and in 84% of cells at Passage 26. A more de
tailed analysis using the quinacrine fluorescent staining
technique is in progress.

Comparison of Freezing Procedures. Several procedures
have been found useful for freezing different types of cells
(see "Materials and Methods"). Our results with C3H/

IOTI/2 CL8 showed that 10% DMSO is a better preserva
tive than 10% glycerol and that cell survival with 10%
DMSO was approximately 30% after both slow and fast
freezing; we have adopted the latter technique because of
its greater convenience.

Determination of the State of the C-type RNA Murine
Leukemia Virus in the Cells. In collaboration with Dr.
Robert Nowinski and Mr. Ulf Rapp of this Institute, studies
were done to determine whether C3H/10T1/2 CL8 cells at
Passages 5 and 30 showed spontaneous expression of murine
C-type RNA virus particles. No expression of the group-
specific viral antigen (gs-1) could be detected in these cells
when fluorescent antibody tests were done using monospe-
cific sera. In addition, the infectious center assay for murine
leukemia virus using the XC plaque test (26) was negative
when done after 200 and 400 days in culture. The details
of these experiments will be reported elsewhere.

Inoculation of C3H/10T1/2 CL8 Cells. Inoculations
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were done with C3H/10T1/2 CL8 cells into irradiated and
unirradiated isologousC3H mice at passages between 5 and
25. No tumors have appeared in the 18 months since the 1st
inoculations (Table 3).

Comparison of C3H/10T1/2 CL8 Cells with BALB/3T3
and Swiss/373 Cells. The properties of C3H/10T1/2 CL8
cells are compared with those of Swiss/3T3 and BALB/
3T3 cells in Table 4. Our C3H line is basically similar to
the other 2 lines in its stability in culture and its high de
gree of sensitivity to postconfluence inhibition of division.
However, it does have some distinct properties. For ex
ample, unlike the other 2 lines which are subtetraploid in
their mode, our C3H line is hypertetraploid. The cells of
the C3H line are smaller, the plating efficiency is lower,
and the generation time is faster than that reported for the
other lines (Table 4).

All 3 lines are unusual in their stability in culture and
their high degree of sensitivity to postconfluence inhibition
of division, and all have a low background of spontaneous
expression of C-type RNA murine viruses (28). At present
no correlation can be made between spontaneous neoplastic
transformation in vitro and the presence or activation of
murine C-type RNA oncogenic viruses (27).

Our line, C3H/10T1/2 CL8, is being successfully used
for qualitative and quantitative studies of oncogenic trans
formation by various chemicals (24), for studies of the ef
fect of synchronization on transformation (6), and for stud
ies on the relationships between malignant transformation
produced by chemicals and oncornaviruses. Thus, it rep
resents the 3rd cell line sensitive to postconfluence inhibi
tion of division derived from mouse embryo cells to be
reported and characterized. These cells are also highly use
ful for the focus assay of Â«-tropicmurine sarcoma virus and
the XC plaque assay of n-tropic murine leukemia virus
(Dr. E. M. Scolnick, National Cancer Institute, and Dr.
Robert C. Nowinski, this laboratory, private communica
tions).
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Fig. 1. Sparse culture of C3H/10T1/2 CL8 cells growing in a Petri dish. Note the long cytoplasmic processes possessed by the majority of the cells.
Phase contrast, x 500.

Fig. 2. Portion of a living confluent monolayer of C3H/10T1/2 CL8 cells growing in a Petri dish. Note the ordered morphology of the cells and wide
spacing between nuclei. Phase contrast, x 500.
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