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INTRODUCTION

To determine the chromosome complement of an individual
in whom cell lines are stable, the 3-day peripheral
leukoeyte culture technique of Moorehead et al,’ with
some modifications, is generally used. This method
provides many mitoses at 60-72 hours of culture, but it
is a mixed culture, with both first and second division
products being present.® It is theoretically possible that
genetically unbalanced cells, with significant chromosomal
rearrangements, of whatever origin, may not survive cell
division, and may, by 3 days of culture, have been
eliminated. This applies equally to the individual abnormal
chromosomes or fragments of chromosomal material, as
well as to the cells in which they are found.

As first suggested by Buckton and Pike,® it seems
desirable to examine cells which may contain complex,
unbalanced aberrations in their first in vitro division, to
approximate the in vivo situation as closely as possible.
This is especially true for studies in aneuploid leukemic
cell lines, for cells in which virus infection or drug exposure
may have occurred, as well as for irradiated cells.

In the studies of A-bomb survivors, the authors have
until recently utilized the 3-day culture.* In order to
reduce the likelihood of loss of abnormal cells and
aberrations in culture, a 46-48 hour culture time is now
being used. This report describes the approach to the
establishment of the technique of 2-day leukocyte culture.

METHODS AND MATERIALS

Two methods were used in the preparation of leukocytes
for culture. The first consisted of the addition of 0.2ml
of Difco Phytohemagglutinin(PHA)M to 10 ml of heparinized
venous blood. This mixture was allowed to stand for
45 minutes at 3-4C. The leukocytes were separated in a
plasma suspension by centrifugation of the whole blood
at 500rpm for 1 minute. From 6.0-8.0 x10% leukocytes
were then inoculated into 8 ml of Tissue Culture Medium 199
of Difco. A volume of fetal bovine serum equal to that of
the cell suspension served as a supplementary protein
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source. Two drops((.04cc)of Difco Phytohemagglutinin P
were then added to the final culture. Cultures were
incubated at 37C for 66-70 hours prior to the addition
of colchicine.

The second method differed from the first with regard
to the Phytohemagglutinin and the incubation time, With
this technique 0.1ml of Burroughs Wellcome Phyto-
hemagglutinin was added to the whole blood, and an
additional 0.1 ml of this Phytohemagglutinin was added to
These cultures were incubated for
44-48 hours, at which point colchicine was added, and
the cells harvested.

the final culture.

For both methods, cells were treated and were fixed in a
3:1 methanol:glacial acetic acid mixture. Slides were

prepared by the air dry method, and stained with Giemsa.

A differential cell count was done on 1000 cells from each
culture. Cells were classified as: “small” lymphocytes,
“transformed” lymphocytes, or as cells in active division.
“Small” lymphocytes were essentially the same as the
small lymphoeytes of uncultured peripheral blood: 8-10 nficra
in diameter, with a dark staining nucleus, and only a rim
of cytoplasm visible. “Transformed” lymphocytes were
generally large mononuclear cells of variable size, with
considerable pale cytoplasm surrounding the centrally-
located nucleus. Actively dividing cells were in an
identifiable stage of mitosis. Occasionally, degenerated
granulocytes were seen,
24 hours of culture.

but these were rare after

In addition to the 2-day Wellcome PHA-stimulated
cultures and the 3-day Difco PHA-stimulated cultures,
24-, 48-) and 72-hour cultures with each PHA were also
examined for evidence of cellular transformation and
mitotic activity.

RESULTS

With Difco PHA, as used in this laboratory, the mitotic
index (defined as the number of cells in division per
1000 cells examined)of ten 24-hour cultures was essentially
zero. By 48 hours, 10-15 mitoses per 1000 cells were
seen, but the majority of cells({an average of 61.2% in
10 cultures) were still small, well-differentiated lympho-
cytes. The remaining cells were transformed, i.e., had
undergone de-differentiation, presumably a step preceding
By 72 hours, the mitotic index, as
determined in 25 Difco PHA-stimulated cultures, ranged
from 40-60, with an average of 73% of the cells being
transformed, and 22% remaining as small lymphocytes.

active mitosis.
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TABLE 1 EFFECT OF DIFFERENT DOSES OF WELLCOME PHYTOHEMAGGLUTININ

IN 2-DAY CULTURES
£1 2HME#ECHITS Wellcome Bl 7 > f bAsyLF = 0EORE

Distribution %45 %

Dose* Lymphocytes ') > /i £k Mi

7 - itoses

Small Transformed HHhan
A ik

0.01 cc 78.7 20.8 0.3
0.02 59.7 39.7 0.7
0.03 36.7 62.9 0.4
0.05 33.1 58.0 0.9
0.10 28.6 68.9 2.5
0.15 No Growth — cells clumped
0.20 AW L — #iFRlTEEE

* Dose represents volume of Welleome PHA added to whaole blood, and again to the final culture.

fitid, M L URSERERICTATABMNL - Wellcome B PHA M it & # b +.

TABLE 2 AVERAGE PERCENT DISTRIBUTION OF CELLS BY TYPE
IN.25 2-DAY AND 25 3-DAY LEUKOCYTE CULTURES
#£2 2 HRME#25A, 3 HREESE BT 5o [
T A

Distribution % %

Culture Time Lymphocytes '} » /1ER Mitoses
B 38 0 Small Transformed A
7 T
48 hours (Wellcome PHA)
4805 M ( Wellcome % PHA ) 23.5 68.3 8.2
72 hours (Difco PHA)
720 ( Difco 8 PHA) ..... 21.7 72.5 5.8

First experiments here with Wellcome PHA involved
establishment of an optimal dose for the Z2-day culture.
Table 1 gives the results of studies on seven cultures, at
different doses of Wellcome PHA, from blood sampled
from a normal volunteer. The same dose was added to
the whole blood, and again to the culture prior to incubation.

On the basis of this experiment, and similar ones, the
0.1ml dose appeared to be optimal. The results of 25
such 2-day cultures are presented in Table 2, and are
compared with 25 3-day Difco PHA-treated cultures, in
terms of the percentages of small lymphocytes, transformed
cells, and actively dividing cells. Figure 1 gives an

illustration of a typical microscopic field from a 2-day culture.

Wellcome M PHA I oW TEHELDIT L - LB 1 DEER
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BIZEN - THEERCZZzhFhERO PHA 02 /.

COEBRFLIUZOMoRBOEROER, #5511,
0.1ml FEE & Bbhk. #2103, 2 HHUEBSLAOHE
FBTHN, AU ok, EE#SRE LSRG OMIED
H5#IZH LT, Difco I PHA VLI 3 IR 254 & 1
L2, H1i22 HMEERo MRS BAMER 2 5T



FIGURE 1 HIGH POWER (x400) MICROSCOPIC VIEW OF A FIELD FROM A 2.DAY
LEUKOCYTE CULTURE PREPARATION
1 HMERe 2 H R A0SR (400X ) MRS

SL =Small Lymphocyte TL =Transformed Lymphocyte M =Metaphase

A oS ER

DISCUSSION

The major potential advantage in using the 2-day culture
system in the cytogenetic examination of cells from
patients with genetically unbalanced and mitotically unstable
abnormalities* is that of maximizing the yield of aberrations
which exist in the soma. In their studies of therapeutically
irradiated persons, Buckton and Pike® found a signifi-
cantly greater percentage of unstable aberrations in
44-48 hour cultures than in 68-72 hour cultures. Ishihara
and Kumatori® similarly found a decrease in unstable
abnormalities with increased time in culture in the
leukocytes of Thorotrast-injected patients. In their
studies on the Bikini fishermen exposed to fallout, however,
they found no such trend.® In general, there is no
disadvantage to the 2-day system, and it gives, potentially
at least, a more accurate estimate of the in vivo picture.
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* The unstable aberrations referred to here are the Cu cells of Buckton et al,8 and include dicentrics, tricentrics,rings, and acentrie fragments.
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From our results, it is clear that with this technique,
lymphocytes are able to transform and divide more
rapidly than they do in most 72-hour cultures.” The
rapid increase in both transformed cells and in dividing
cells by 46-48 hours of culture illustrates that the 2-day
method is technically feasible. With Wellcome PHA, at
the doses given, the numbers of metaphases, even accounting
for some variation from individual to individual, are adequate
for examination of 100-200, or more, cells per patient.

SUMMARY

The desirability of doing 2-day, as opposed to 3-day,
cultures of human peripheral leukocytes in individuals with
potentially unbalanced rearrangements is clear. This
report gives results of experiments with Wellcome Phyto-
hemagglutinin, at a dose of 0.1ml into the whole blood,
and an additional 0.1 ml directly into the culture. Adequate
numbers of metaphases can readily be obtained with the
method outlined.
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