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Recent advances in semisolid culture
techniques have led to the development of
a two-layer soft agar system capable of sup-
porting the growth of colony-forming tumor
cells obtained directly from human tumor
specimens (4). Colony-forming assays have
permitted quantitative investigations of the
clonogenic compartment in an individual
patient’s tumor and have been used to study
questions of biological (2, 3) and clinical
(7, 9, 10) significance. However, the poor
viability and short survival time of freshly
biopsied human tumor cells have required
that experiments be conducted as soon as
the tumor specimens are obtained, thereby
greatly limiting applications of clonogenic
assays (1, 5). Thus far, no reliable method
has been developed to preserve primary tu-
mor cell viability and function for long pe-
riods of time.

We, therefore, examined the feasibility of
cryopreserving disaggregated cell suspen-
sions derived directly from human tumors.
A method of cryopreservation in which tu-
mor cell clonogenicity and biologic behavior
remain unaltered would greatly expand the
application of clonogenic assays. Although
cryopreservation of human cancer cells and
their ability to form colonies following thaw
has been reported (8), details of procedures
with adequate controls have not been de-
scribed. This report describes the results of
several controlled studies using 19 human
tumor specimens.
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MATERIALS AND METHODS

Preparation of cells from primary can-
cers. Solid tumors were obtained as surgical
specimens collected in RPMI 1640 contain-
ing 15% heat-inactivated fetal bovine serum,
1% PSN antibiotic mixture (5 mg penicillin,
5 mg streptomycin, and 10 mg neomycin/
ml) and 1% L-glutamine [complete RPMI].
The growth media used in this study (RPMI1
1640, McCoy’s 5A, and CMRL 1066), an-
tibiotic mixture, and sera were obtained
from Gibco laboratories, Grand Island, New
York. After being minced into small pieces
with scalpels, specimens were placed in
phosphate-buffered saline containing col-
lagenase (bacterial grade B, 100 units/ml)
and stirred for 2 hr at room temperature.
Then specimens were passed through 520
u- and 140-pm-diameter screen mesh (Cel-
lector sieve, Bellco Glass) and 27-um filters
to remove debris, cell aggregates, and to
yield suspensions containing primarily single
cells.

Malignant effusions were collected by
standard clinical procedures in sterile 1000-
ml containers containing 10 ml preservative-
free heparin (10,000 units/ml). Pellets ob-
tained following centrifugation (300g, 10
min) were pooled and resuspended in com-
plete RPMI. All centrifugations were done
at 0-2°C using a Beckman TJ6R refrig-
erated centrifuge equipped with a swinging-
bucket rotor (TH4). Effusions containing
red cells were layered over equal volumes
of Ficoll (Ficoll-Paque, Pharmacia) and
centrifuged (300g, 30 min). Following cen-
trifugation, the cancer cells which moved to
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the RPMI-Ficoll boundary were collected,
mixed with complete RPMI, and centrifuged
(300g, 10 min). The resulting pellet was re-
suspended in complete RPMI.

Cells obtained from solid tumors and ef-
fusions were counted using a hemocytometer
and viability was determined by trypan blue
exclusion.,

Preparation of freezing mixtures. The
cryoprotective agents employed in this
study were glycerol and dimethylsulfoxide
(Me,S0), both used at concentrations of 5,
10, and 15% (v/v). Freezing mixtures were
prepared by adding 2X the desired concen-
tration of glycerol or Me,SO (prepared in
complete RPMI, v/v) to an equal volume
of cells (2 X 10° in 1.0 ml) suspended in
complete RPMI. All solutions including cell
suspensions were kept on ice (0°C). The
solutions containing the cryoprotectants
were added gradually over 25 min. This was
done by addition of 20% of the total cryo-
protectant solution at 5 min intervals. Pre-
liminary experiments had indicated that
rapid addition and removal of the cryopro-
tectants drastically inhibited colony for-
mation in soft agar. Following addition of
the cryoprotectants, the cell suspensions
were kept on ice (0°C) for 60 min.

Duplicate samples (final volume, 2.0 ml)
were prepared at each concentration. One
sample was frozen and thawed as described
below while the other was used to assess the
effect of adding and removing the cryopro-
tectants on colony formation. In addition to
the samples that received cryoprotectants,
2.0 X 10° cells in complete RPMI (2.0 ml)
served as the control (untreated control). To
these samples, 13 ml of complete RPMI was
gradually added during 15-20 min. Follow-
ing centrifugation (300g, 6 min) and re-
moval of the supernatant, the cell pellet was
resuspended in enriched CMRL. When
cloned (see below) each sample yielded four
plates, 5 X 10° cells per plate.

Freeze-thaw procedure. Samples to be
frozen (2.0 ml final volume) were trans-
ferred to freezing vials (Cryule vial, Whea-
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ton, Millville, N.J.). Vials were placed in a
metal test tube rack in a —80°C freezer and
left overnight. The cooling rate of similar
samples was approximately 2.5°C/min to
—15°C (0 to ~15°C) and 4.5°C/min from
—15 to —80°C. The following day specimens
were transferred to the vapor phase of a
liquid nitrogen freezer. Specimens were re-
moved and thawed when growth (colony
formation) was observed in the unfrozen,
previously treated samples, usually 5-7 days.
Specimens were thawed by agitating the
vials in a water bath (37°C) until melting
occurred. After the vial was transferred to
an ice bath (0°C), the thawed mixture was
removed, gradually mixed with 13 ml com-
plete RPMI, and centrifuged (300g, 6 min),
and the pellet was resuspended in complete
CMRL and cloned (four plates).

Growth in the tumor colony-forming as-
say. Single cells treated as described above
were cultured in a two-layer agar system in
35-mm petri plates somewhat modified from
that described by Hamburger and Salmon
(1). The bottom layer (1.0 ml) had the fol-
lowing composition: 7.9 ml 3% agar, 11 ml
complete RPMI, 5 ml 3% tryptic soy broth,
and 20 ml enriched McCoys (500 ml
McCoys SA medium, 50 mi heat-inactivated
horse serum, 6 ml PSN antibiotic mixture,
5 ml 2.2% sodium pyruvate, 5 ml L-gluta-
mine (200 mM), and 2 ml L-serine (21
mg/ml)).

The top agar layer (1.0 ml), in which 5
X 10° cells were suspended, had the follow-
ing composition: 100 ml CMRL 1066, 19.5
ml heat-inactivated horse serum, 2 ml L-
glutamine (200 mAMf), 2 ml insulin (100
units/ml), 1 ml ascorbic acid (30 mM), 1
ml PSN antibiotic mixture, and 0.3% agar.

Quadruplicate plates were made at each
point by adding 0.45 m! of warm agar to
3.7 ml of enriched CMRL 1066 which con-
tained 2 X 10° cells. Depending on the num-
ber of cells available, additional control
plates were also prepared. Plates were placed
in a humidified incubator (7% CO, in air,
37°C) and examined daily for colony for-
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mation. One plate was used for morpholog-
ical and/or other studies and three were used
to determine the number of colonies which
grew. Colonies (>30 cells) were scored on
the day of maximum growth (Day 10-14)
using an inverted Zeiss microscope.

RESULTS AND DISCUSSION

Tumor cells from 11 to 19 patients formed
colonies in the two-layer agar system. The
percentage that grew (58%) is similar to
that found by others and indicates the
current level of success in cloning primary
cancer cells using this assay system. The
median cloning efficiency (number of colo-
nies /500,000 cells plated X 100%) in con-
trol plates was 0.127% (range = 0.0056-
0.344%). The percentage cell viability (try-
pan blue exclusion) of the isolated tumor
cell population did not provide insight into
whether the specimens would produce col-
onies. In those specimens which did form
colonies, the mean percentage viability was
51.5 + 6.5 (range: 20-90%) while that of
the specimens which did not was 63.5 £ 13.5
(range 20-100%) (see Table 1).

The effect of exposing cell suspensions to
various concentrations of glycerol or Me,SO
for 1 hr immediately prior to cloning is
shown in Table 1. This aspect of the study
was undertaken to determine whether the
cryoprotectants themselves (in the absence
of freezing and thawing) altered colony for-
mation and whether the effect was concen-
tration dependent. Although considerable
variation is evident among some of the plates
of the individual specimens, in general,
Me,SO gave better results than glycerol and
the 5 and 10% concentrations of either agent
affected colony formation the least. Colony
formation was within 10% of control values
at the 5 and 10% concentrations of cryo-
protectants in all 10 specimens exposed to
Me,SO and in 6 of 10 specimens exposed
to glycerol.

In some cases, the highest concentration
(15%) of both glycerol and Me,SO caused
considerable reduction in the number of col-
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onies. It is not known whether this reduction
was caused by sensitivity of the cells to the
cryoprotectants or osmotic damage to cells
during addition or removal of the cryopro-
tectants.

Colony formation following freezing and
thawing is shown in Table 2. Survival fol-
lowing cryopreservation with glycerol was
very poor, with the majority of specimens
yielding no growth at all. Colony formation
occurred in 10 of 11 specimens cryopre-
served with Me,SO and was generally better
at the 10% concentration of this agent than
with 5 or 15%. Cloning efficiency was sig-
nificantly altered (80% of nonfrozen con-
trols) in 8 of the 10 specimens which grew.
However, cloning efficiency in 8 of 11 spec-
imens was above the level generally regarded
as the lower limit for conducting statistically
adequate experiments (i.e., 30 colonies/
500,000 cells plated).

Although 5% glycerol has been reported
to cryopreserve animal tissue culture cells
at slow freezing rates (6), it was not a useful
agent in this study. Higher glycerol con-
centrations, which are known to cryopre-
serve red cells at slow freezing rates, might
cryopreserve tumor cells as well, but also
might require more elaborate post-thaw
washing procedures.

Cryopreservation with Me,SO resulted in
a significant loss of cloning efficiency in
many cases. It is important to know whether
the loss was selective or random. That is,
does the surviving fraction of clonogenic cells
possess the same biologic characteristics
(such as cytotoxic drug sensitivity and re-
sistance) as the original tumor cell suspen-
sion? We are currently investigating this
question.

SUMMARY

The effect of cryopreservation on the
ability of primary human cancer cells to
form colonies in a two-layer agar system
was examined. Although considerable vari-
ation occurred, concentrations of 5 or 10%
dimethylsulfoxide employed with slow
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freezing rates allowed survival of colonies
in the range 20-40% or greater of nonfrozen
controls. The methods used in this study do
not require elaborate freezing equipment,
and can be used for the cryopreservation of
a wide variety of types of cancers.
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