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Summary Two combined mechanical and enzymatic disaggregation techniques and a simple mechanical
disaggregation procedure were compared. The combined procedures involved a mechanical comminution of
the tumour tissue followed by incubation in trypsin. In one method, the tissue was subjected to long-term
trypsinization at 40C, and in the other procedure, repeated short-term trypsinization at 37°C was applied. The
results were compared in terms of the yield of viable cells, plating efficiency, the ability to produce tumours in
nude mice, and DNA distribution as measured by flow cytometry. The combined techniques provided
reproducible cell yields of 2-10 x 107 viable cells g- I of tissue, whereas only a small number of tumour cells
was produced by the mechanical method. DNA analysis demonstrated that only the long-term trypsinization
procedure resulted in a representative cell yield from all the tumours tested.

The ability to obtain single tumour cell suspensions
from individual human tumours is pertinent in the
study of a number of biological properties in
malignant neoplasms. The study of human tumour
cell colonies in soft agar especially, including
survival studies of tumours after irradiation and
chemotherapy have demanded improvements in the
techniques for disaggregating solid tumours
(Courtenay et al. 1978; Hamburger & Salmon,
1977; Salmon et al., 1978; Rasey & Nelson, 1980).
In these experiments, it is necessary to obtain a
large number of freely suspended tumour cells by
the disaggregation of solid tumour tissue. The
disaggregation methods must produce a high yield
of viable tumour cells and a suspension
representative of the cell population(s) of the
tumour. The two basic approaches for obtaining a
single cell suspension are the mechanical separation
of cells and the enzymatic treatment of tumour
tissue (Grabstein & Cohen, 1965; Russel et al.,
1977; Pretlow et al., 1977, Pavelic et al., 1980;
Slocum et al., 1980; Hemstreet et al., 1980; Agrez et
al., 1982; Eremin et al., 1982).

In the present study, two combined mechanical
and enzymatic disaggregation techniques and a
simple mechanical disaggregation procedure were
compared. The methods were employed in the
disaggregation of human solid tumours obtained
either from tumours grown in nude mice or from
fresh tumour samples taken directly from patients.
The combined procedures involved a mechanical
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comminution of the tissue followed by incubation
in trypsin. In one method, the tissue was subjected
to long-term trypsinization at 4°C, and in the other
procedure, repeated short-term trypsinization at
37°C was applied.
The results were compared in terms of the yield

of viable cells g-1 of tumour tissue, plating
efficiency, and the ability to produce tumours in
nude mice. Furthermore, flow cytometric DNA
analysis was used to test the representativeness of
cell yield, comparing the cell cycle distribution and
the cellular DNA content of the tumours before
and after disaggregation. The combined techniques
provided reproducible cell yields of 2-10 x 107
viable cells g-' of tumour tissue, whereas, only a
small number of tumour cells was produced by the
mechanical method. The results of the flow
cytometric DNA analysis showed that only the
long-term trypsinization procedure resulted in a
representative cell yield from all the tumours tested.

Materials and methods

Tumours

Seven human solid tumours grown in nude mice
were used in the experiments. Four of them were
small cell carcinomas (SCCL) of the lung
(Engelholm et al., 1983, Spang-Thomsen et al.,
1984), two tumours were breast carcinomas
(Brunner & Visfeldt, 1982; Brunner et al., 1983),
and one was a malignant melanoma (Spang-
Thomsen et al., 1980). The four patient tumours
investigated comprised two small cell carcinoma of
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the lung (WHO: 22) and two testicular
teratocarcinomas.

Disaggregation procedures
Long-term trypsinization After aspiration for flow
cytometric DNA analysis and weighing, the tumour
tissue was minced finely with razor blades under
sterile conditions, and fragments of_ 1 mm3 were
incubated at 4°C in 0.5% trypsin (Difco 1:250), pH
7.5, for 12-20h (200mg tumour tissue per 50ml
trypsin). After incubation, the suspension of the
minced tumour tissue in trypsin was heated to 37°C
and transferred to a 200ml vessel (max. 100ml
trypsin), a sphere with three whirling ribs. Then the
tissue suspension was agitated by a rotating sterile
stainless steel razor blade for 5-15 min at 500-
10OOrpm until complete disaggregation of the tissue
was obtained. Thereafter the suspension was passed
through a double layer of gauze into Eagle's
minimal essential medium (MEM) containing
Earle's salt supplemented with 30% foetal bovine
serum (FBS) to inhibit the action of trypsin. The
cells were washed twice (230 g/5 min) with fresh
MEM supplemented with 20% FBS. To estimate
the fractions of viable cells aliquots of 0.1 ml cell
suspension and trypan blue or Nigrosine were
mixed. After 1-2min at least 200 cells were counted
in a hemocytometer.
Short-term trypsinization This technique is a
modification of a method described by Reinhold
(1965). The tumour samples were initially prepared
as described above. Tumour fragments of_ 1 mm3
were transferred to the vessel which contained 40ml
of 0.5% trypsin at 37°C and were incubated for
5 min. After incubation, the suspension was agitated
at 500-1000 rpm for 5 min. The suspension then
was allowed to settle for 2 min and the supernatant
was decanted through a double layer of gauze in
10ml ice-cold MEM supplied with 30% FBS. After
centrifugation, the cell yield was resuspended in
MEM supplied with 20% FBS.
The procedure was repeated with fresh trypsin

two to six times until complete disaggregation was
obtained, and the fraction of viable cells was
estimated by the dye exclusion test.

Mechanical disaggregation Tumour specimens
were minced as described above and the tumour
fragments were passed through a 100-mesh stainless
steel sieve and through a double layer of gauze into
MEM containing 20% FBS. The cell suspension
was washed in PBS and resuspended in MEM with
20% FBS, and the fraction of viable cells was

estimated by the dye exclusion test.

Colony forming efficiency (CFE)

The disaggregated cells were grown on agar by a

technique previously described (Engelholm et al.,
1983). Aliquots of MEM culture medium
containing 103, 5 x 103, and 104 cells were plated in
triplicate in 35mm Petri dishes on top of a layer of
hardened 0.25% agarose (Difco) medium. After
growth for 14-21 days, colonies of >50 cells were
counted using a dissecting microscope, and the
CFE (number of colonies/number of plated tumour
cells x 100) was calculated. The tumour cell number
was calculated as the number of viable cells plated,
corrected for the fraction of stromal cells
determined by flow cytometric DNA analysis. The
numbers of stromal cells were only calculated for
tumours with a DNA index significantly different
from one.

After the determination of CFE, the tumour cells
were harvested for flow cytometry.

Flow cytometric DNA analysis

Samples from the solid tumours were obtained by
fine-needle aspiration before disaggregation.
Disaggregated cells were suspended in citrate
buffer. The preparation of samples, storage
procedure and staining with propidium iodide were
previously described (Vindelqv et al., 1983a, b). The
flow cytometer used was a FACS III cell sorter
(Becton Dickinson, Sunnyvale, CA). The
calculation of the DNA index, defined as the ratio
of the DNA content of the G1-phase of the tumour
cells to that of diploid human cells, was performed
with two internal standards (Vindelov et al., 1983c).
The percentage of cells in the cell cycle phases was
determined by a statistical analysis of the DNA
distribution using a computer technique described
elsewhere (Christensen et al., 1978). The fraction of
stromal cells was calculated for tumours by using a
generalization of the method (Christensen et al.,
1978; Vindelqv et al. 1983c). The prerequisite for
calculating the fraction of stromal cells by this
method is that the tumour cells have a cellular
DNA content different from that of the non-
malignant cells. This pertained all the
heterotransplanted tumours used.

Heterotransplantation
The tumourgenicity of the disaggregated cell
suspensions was tested by inoculation of 5 x 106
cells into NC/KH (Kommunehospitalet) nude
mice. The mice were observed three times a week
for tumour growth.

Histology
Specimens from the tumours used in the
experiments and from mouse-grown tumours after
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the inoculation of disaggregated cells were fixed in
formaldehyde and embedded in paraffin. After
processing by conventional histological techniques,
sections were stained with H and E.

Results

The yield of viable cells obtained by the different
methods are summarized in Table I. The combined
methods resulted in a high cell yield of 2-10 x 107
viable cells g-1 of tumour tissue, whereas the
mechanical method generally resulted in a very
small number of cells. In one of the breast
carcinomas (T60), the mechanical method resulted
in no detectable tumour cells. Disaggregation data
from several other experiments with the mouse-
grown tumours indicate that the cell yield listed in
Table I is reproducible for the combined
mechanical and enzymatic methods. In the
combined methods, the number of dead cells
ranged from 2 to 10% whereas the number of dead
cells was > 60% for some of the tumours
disaggregated by the mechanical method.
As seen in Table I, the long-term trypsinization

technique was superior to the short-term method,
and especially to the mechanical procedure, with
regard to CFE, and thus with a view to the yield of
clonogenic cells.
We were unable to grow breast carcinomas in

vitro, and the biological viability of the
disaggregated cells from these two tumours was

therefore examined only by their ability to form
tumours in nude mice (Table I).
The cells obtained by long-term trypsinization

produced tumours in nude mice in all cases,
whereas this was not always true for cells obtained
by the other methods (Table I).
Flow cytometric DNA analysis performed on the

aspirated cells from the parent tumours and on the
disaggregated tumour cells demonstrated that only
long-term trypsinization produced single cell
suspensions representative of all the investigated
tumours. The distribution of cells in the cell cycle
phases and the DNA index were identical to those
of the parent tumour (Figure 1). In contrast, short-
term trypsinization resulted in almost only diploid
cells in one of the breast carcinomas (T60) (Figure
1).
The long-term trypsinization technique was

applied on fresh tumour samples too. The yield of
viable cells was comparable to that of the
heterotransplanted tumours (Table II). Flow
cytometry demonstrated that the DNA content of
the disaggregated cells was the same as that of the
tumour samples (Figure 2). Furthermore, the cell
cycle distribution of the single cell suspensions
obtained did not differ from the results of the
original tumours (Figure 2). The amount of tissue
available was sufficient only for testing the long-
term trypsinization method.

Histological examinations of reinoculated
tumours in nude mice showed that the morphology
remained the same as that of the parent tumours.

Table I Human tumours transplanted into nude mice, disaggregated by three different methods

Long-term trypsinization Short-term trypsinization Mechanical disaggregation

cell clon. cell clon. cell clon.
yielda CFEb yieldc yield CFE yield yield CFE yield

Mouse grown tumours x 107 % X 106 NUd X 107 % X 106 Nu x 107 % x 106 Nu

CPH SCCL 0499 5.0 3.4 1.6 + 4.7 2.2 0.9 + 0.3 0.9 0.03 +
CPH SCCL 054 B 5.5 2.2 1.2 + 6.1 0.9 0.5 + 1.0 0.4 0.04 +
CPH SCCL 075-5 5.5 3.0 1.6 + 0.6 0.03 0.02 - 0.03 1.2 0.03 -
CPH SCCL 084 3.1 6.6 1.9 + 1.0 2.7 0.3 + <0.01 <0.01 <0.01 f
T 60h 2.4 e e + 0.1 e e _ <0.01 e e f
T 61 2.2 e e + 2.0 e e _ <0.01 e e f
T 21 10.0 0.9 0.7 + 3.0 1.0 0.2 + 0.1 0.01 <0.01 f

aviable cell yield estimated by dye exclusion test
bcolony forming efficiency
Cclonogenic cell yield= number of colony forming cells g 1 tissue
dability to form tumours in nude mice
e not done since the breast carcinoma did not grow in vitro
f not done due to low yield of tumour cells
gsmall cell carcinoma of the lung
hbreast carcinoma
imalignant melanoma

E
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Figure 1 Flow cytometric DNA distribution of breast carcinoma T60. The parts of the histograms produced
by G1, S, and G2+M cells are indicated in the figure. The peaks marked D represent diploid mouse stromal
cells, and the peaks C and T are internal standards used to calculate the DNA index. The DNA index is
indicated in parentheses. The CV of G1 peaks was 0.03. (a) The DNA distribution before disaggregation.
G1=80%, S=14%, G2+M=6%. Diploid cells=8%, tumour cells=92%. (b) The DNA distribution of the
tumour after disaggregation by the long-term trypsinization procedure. G,=76%, S=14%, G2+M=10%.
Diploid cells=8%, tumour cells=92%. (c) The DNA distribution of the tumour after disaggregation by the
short-term procedure. Diploid cells 92%, tumour cells=8%. The distribution of cells in the cell cycle phases
were not calculated.
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Figure 2 DNA distribution of CPH SCCL 094 obtained directly from the patient. The peaks C and T
represent internal standards used to calculate the DNA index. The DNA index is indicated in parentheses.
The parts of the histograms produced by G1, S, and G2+M cells are indicated in the figures. (a) The DNA
histogram of the tumour before disaggregation. (b) The DNA histogram of the tumour after disaggregation by
the long-term trypsinization procedure.
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Table II Disaggregation of human tumour tissue
obtained direct from patients. The tumours were
disaggregated by the long-term trypsinization

procedure.

Fresh tumour specimens yield x 107a CFEb

CPH SCCL 092C 2.0 2.5
CPH SCCL 094 5.0 0.1
CPH TC lo0d 1.5 5.2
CPH TC 102 5.0 ND

aViable cell yield estimated by dye exclusion test
bColony forming efficiency
cSmall cell carcinoma of the lung
dTesticular cancer
ND not done

Discussion

This study has shown that combined mechanical
and enzymatic methods are appropriate for the
disaggregation of a number of human solid
tumours grown in nude mice or taken directly from
patients. In contrast, the mechanical method was

unsatisfactory with a view to cell yield and
biological viability, i.e., the clonogenic yield and the
tumorigenicity of the disaggrcgated cells.
The clonogenic cell yield of the long-term

trypsinization technique was superior to that of the
short-term method. Only long-term trypsinization
resulted in a cell yield representative of all the
tumours investigated as evaluated by flow
cytometry and histology.

Since all the heterotransplanted tumours were

aneuploid and murine stromal elements do not
differ very much from human stromal cells (DNA
index: 0.98), the fraction of normal cells in the
supensions could be calculated. This ensures that
the detected variations in plating efficiency after
disaggregation by the different methods are real
and not only reflect different amounts of stromal
components in the suspensions.
The number of tumour cells g-1 of tissue

depends on the tumour. Generally, 5 x 108-109
cells have been calculated (Slocum et al., 1980).
Since heterotransplanted tumours are often very
necrotic (Spang-Thomsen et al., 1980), the yield of

5 x 107 viable cells obtained represents at least
10% of the total number of cells. This is considered
satisfactory compared with the results of other
methods for disaggregation of experimental
tumours: 8 x 107 (Pretlow et al., 1977), 1 x 109
(Reinhold, 1965) as well as human solid tumours:
2.4 x 107 (Hemstreet et al., 1980), 4 x 107 (Rasey &
Nelson, 1980), 5 x 107 (Eremin et al., 1982), and
5 x 106 (Reinhold, 1965), especially because flow
cytometric DNA analysis indicated that the yield
was representative of the parent tumours after the
long-term incubation procedure.

It is a common experience that it is difficult to
grow breast cancer cells in vitro (Von Hoff et al.,
1981). In the present study, the mechanical and
short-term disaggregation methods of the breast
tumour T60 resulted in a cell yield, comprising
stromal cells with only a very small fraction of
tumour cells or none at all (Figure 1). Mechanical
disaggregation methods are often used in the
establishment of cell lines and our results indicate
that one explanation for the difficulties in growing
breast cancer could be the lack of tumour cells in
the yield.

Long-term exposure to trypsin is cytotoxic for
living cells in vitro (Grabstein & Cohen, 1965;
Hodges et al., 1973). However, the penetration of
trypsin is temperature dependent and negligible at
4°C whereas the enzyme still has some effect on the
cell surface at this temperature (Hodges et al.,
1973). This may explain why long-term trypsin
incubation at 4°C results in a higher yield of
clonogenic cells than short-term incubation at 37°C.

However, the use of enzymes in the
disaggregation of tumours may result in changes in
biological properties. The chemosensitivity of
tumour cells may be dependent on the procedure
applied (Rasey & Nelson, 1980), and trypsin is
known to destroy membranes bound
immunoglobulin (Russell et al., 1976). Furthermore,
the use of enzymes may affect important cell
markers (Perussia et al., 1979). Thus, it is important
to be aware that representativeness determined by
flow cytometric DNA analysis only, does not
ensure representativeness for all other tumour
parameters.

Fine-needle aspiration biopsy is a valid procedure
by which to obtain representative cytological
material from malignant tumours (Soderstrom,
1966). Furthermore, fine-needle aspiration samples
for flow cytometric DNA analysis has been applied
in a number of studies of human tumours in
patients and in nude mice (Vindelqv, 1977, 1983b;
Vindel0v et al., 1982; Spang-Thomsen et al., 1984;
Rofstad et al., 1982). Therefore, flow cytometric
DNA analysis performed on tissue obtained by
fine-needle aspirations was considered a valid base-
line for comparison. The results showed that flow
cytometry is an appropriate and rapid method for
checking the representativeness of tumour cell
suspensions. Furthermore, the method can measure
the ratio of stromal cells to that of the tumour
cells, if the DNA index of the tumour cells differs
sufficiently from one. The results demonstrate that
high cell yield and the estimation of the number of
viable cells by the exclusion dye test are insufficient
to ensure the representativeness of disaggregated
tumour cells.

*This work was supported by grants from the Danish
Cancer Society, the Danish Medical Research Council,
and the Lundbeck Foundation.
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