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ABSTRACT

Mononuclear cells from peripheral
blood were incubated with phytohemag-
glutinin (PHA) for 24-72 hours. The
cells formed dense cell clusters with firm
cell-to-cell attachment and signs of cell
communication, proliferation and differ-
entiation. At the end of a 72-hour period
of incubation, the test preparations were
treated for 90 minutes with the classical
microtubule antagonist Colcemid and the
new microtubule antagonist taxol. Taxol
produced approximately twice as many
mitoses as Colcemid. Chromosomes in
taxol-blocked mitoses appeared fo be
more contracted than chromosomes in
Colcemid-blocked mitoses. It is suggested
that one beneficial side effect of Col-
cemid preparation of chomosomes is
stretching due to microtubule disassem-
bly.

Complementing the blood stream,
the lymphatic system disperses fluid and
cells to lymph nodes throughout the
body. Cells, mainly lymphocytes and
monocytes (macrophages) return from
peripheral tissues to lymph nodes and
exchange information on the immunolo-
gic "battlefield”. This gathering of mono-
nuclear cells with cell communication,
proliferation, and differentiation consti-
tutes an important function of lymphoid
tissue and lymph nodes.

Cells involved in the immune re-
sponse are readily collected from the
bloodstream and subjected to in vitro
experiments. Incubation of mononuclear
leukocytes with phytohemagglutinin
(PHA) is thought to stimulate T cell
proliferation selectively (1-3). However,
T cell proliferation is associated with dif-
ferentiation in other coexisting cell lines.
The aim of the present study is to
describe cell interaction, proliferation,
and differentiation in PHA -stimulated
mononuclear cells from peripheral blood,
comparing Colcemid and taxol as cytobi-
ological tools.

MATERIALS AND METHODS
Blood sampling

Heparinized blood, 16 IU/ml, was
obtained from two healthy women age 23
(experiments 5-7) and 35 (experiments
1-4) who donated the blood for all
experiments described here (Tables 1,2).

Isolation of mononuclear leukocytes

Mononuclear leukocytes (L-MNs)
were isolated from peripheral blood by
the one-step metriozoate-Ficoll procedure
using LymphoprepR (Nyegaard, Oslo,
Norway). The L-MNs were then washed
twice in standard medium and resus-
pended to a defined concentration.
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Table 1

Cytocentrifuge Preparation of PHA-Stimulated
Mononuclear Cells from Peripheral Blood

Experiment 1
Cell density (x105/ml)
Cell increase factor

Experiment 2
Cell density (x10°/ml)
Cell increase factor

Incubation Time

48 hours 72 hours
0.78 1.09
1.4
0.62 1.22
2.0

Incubation

L-MNs were incubated in 10ml glass
tubes at 37°C for up to 72 hours in the
presence of PHA, final concentration
20pg/ml (Gibco Europe, Paisley, Scot-
land), in standard medium containing
400ml RPMI 1640 (Gibco), 100ml fetal
calf serum, 10ml I-glutamine (Seromed,
Berlin, FRG), corresponding to 100mM
final concentration. Streptomycin and
benzylpenicillin, 10xg/m! of each, were
added. The medium was prepared fresh
at the beginning of each experiment and
was not changed thereafter.

Cytocentrifuge preparation

The cell suspension, 0.2ml, was lay-
ered above 0.1ml of standard medium in
a cytocentrifuge (Shandon-Elliot Cyto-
spin). The cells were then spun down on
a slide for 10 min at 1,000rpm. Routine
staining was by May-Grunwald-Giemsa.
Cells were counted along a diameter of
the slide preparation and converted to
cells x 105/ml in the original cell suspen-
sion.

Chromosome preparation

Cells were spun down at 1,000rpm
for 7 min, the supernatant evacuated,
and cells hypotonically expanded by
0.075M KCI for 10 min. After re-centri-
fugation, the cells were fixed in acetic
acid and ethanol in proportions 1:3. The
fixation process was repeated three times

with intercalcated centrifugations and eva-
cuations of the supernatant.

Chemicals

Taxol (NCI, Bethesda, Maryland,
USA) was dissolved in dimethylsulphox-
ide (DMSO, Sigma, St. Louis, Missouri,
USA), 2mg/ml and stored at -20°C.
Prior to the experiment, taxol was
diluted in phosphate buffer, pH 7.4, and
added to the test solutions to final
concentrations of 0.5 and 1.0pg/ml (6
and 12 x 10-’M). In the control prepara-
tions, DMSO was included (highest final
concentration 0.05% v/v, Table 1).

ColeemidR  (demecolcine) was ob-
tained from Gibco Europe ready-made in
Hank’s solution, 10gg/ml. An opened
vial was kept at +4°C and discarded
within a week.

Trypsin (TrypureR, Novo, Baegs-
vaerd, Denmark) and collagenase (colla-
genase 11, Sigma) were prepared in sterile
solution.

All other chemicals used were of
analytical grade.

Statistics

Student’s paired t-test, two-tailed
probabilities, was calculated by means of
StatWorksR (Heyden & Son, London).
RESULTS

A starting cell density of 5 x 105
cells per ml of cell medium appeared to
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Table 2
Number of Mitoses Per 1000 cells in Different Hypotonic
Preparations of PHA-Stimulated Mononuclear Blood Cells
After Incubation for 72 Hours

Control DMSO Colcemide Taxol Taxol
DMSO (%v/v) - 0.050 - 0.025 0.050
Colc (ug/ml) - - 0.1 - -
Taxol (ug/ml) - - - 0.5 1.0
Experiment 1 46 39 61
Experiment 2 35 49 56
Experiment 3 28 32 46
Experiment 4 11 10 41 4 73
Experiment 5 19 16 38 63 74
Experiment 6 20 12 41 55 75
Experiment 7 17 12 47 69 75
Mean 392 500 66¢
SEM 3.5 5.0 4.4

Addition of test drugs 90 minutes prior to preparation
Statistical comparison: a-b (p=0.078), a-c (p<0.001), b-c (p=0.036)

be optimal. More cells (7-10 x 10%) pro-
duced crowded preparations with loss of
cell detail. Fewer cells (2 x 10°) provided
too few colonies for convenient analysis
during the culture period chosen.

The morphological picture suggested
a rapid cluster formation within the first
24 hours and then an intense prolifera-
tion (Figs. 1,2). A rough estimate of
cell proliferation was made from the
cytocentrifuge preparations (Table 1),
the cell proliferation could not be quanti-
fied by counting in Burker chambers or
automated equipment, since the cell colo-
nies formed dense colonies simulating
tissue fragments. These colonies could
not be disaggregated into isolated cells by
mechanical shaking and re-pipetting, nor
by treatment with EDTA, trypsin or col-
lagenase.

The cell colonies were distinguished
by one or more central macrophage-like
cells surrounded by small lymphocytes
and blast cells in different stages of the
cell cycle (Figs. 1,2). Many lymphocyte-
like cells displayed the hand-mirror shape
typical of moving cells. A few plasmo-
cyte-like cells were found scattered over
the smear (Figs. 1,2). This phenomenon
suggested differentiation of some B cells

in these cell cultures.

Approximately 1-2% of the cells
were in mitoses in control preparations
after incubation for 72 hours. The taxol
solvent DMSO did not affect the mitotic
index. Addition of microtubule antagon-
ists for 90 minutes increased the mitosis
rate to 3-7%. Taxol treatment produced
approximately twice as many mitoses as
Colcemid treatment (Table 2), but
taxol-prepared chromosomes appeared
more contracted than Colcemid-prepared
chromosomes( Fig. 3).

Cell kinetics derived from the
above-mentioned mitotic indices suggested
a duration of cell division of approxi-
mately 20 min and a cell cycle duration
of approximately 20-40 hours. These cal-
culations corresponded well with previous
observations on cytocentrifuge prepara-
tions (Table 1).

DISCUSSION

Incubation of mononuclear leuko-
cytes from peripheral blood with PHA
produced dense cell colonies with appear-
ance and properties akin to tissue frag-
ments. Such cell clusters have provided
the basic material for routine chromo-
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Fig. 1. The basic structure of a cell cluster in PHA-stimulated mononuclear
cells from peripheral blood (main field). A central macrophage (Mf) with
attached small lymphocytes (Lc). In the periphery of the cluster, a large
blast cell (B) is approaching mitosis. A plasmocyte-like cell (Pl) is seen
outside the cluster. Insets a. and b. show blast cells in prophase with a
clear cytocentre (Cc), intact ruclear membrane, and visible chromosomes.

Fig. 2. A larger cluster with an out-floating central macrophage, surrounding
small lymphocytes and peripheral blast cells in prophase (P) and anaphase
(A). The anaphase daughter cells are separated by a non-stained midbody
with the same MGG properties as the perinuclear cytocentre in the adjacent
prophase cell.

some analysis since 1960 (4). Recent in- The main finding of the present
vestigations have revealed an intricate in- study was that the new microtubule anta-
teraction between ligand-receptor com- gonist taxol produced approximately
plexes and cell communication by lym- twice as many mitoses as the classical
phokines in these clusters (c.f. 1-3). microtubule antagonist Colcemid (Table
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Fig. 3. Hypotonic chromosome preparations, from metaphases blocked by

Colcemid (A) and taxol (B).

2). Both Colcemid and taxol concentra-
tions were chosen to exceed precisely the
threshold concentration of complete
mitotic arrest, 0.1 and 1.0pg/ml respec-
tively. It is evident from the difference
between the two taxol concentrations that
this goal was obtained.

Classical microtubule antagonists
such as Colcemid and podophyllotoxin
arrest cell division in a metaphase-like
configuration due to microtubule disas-
sembly. It has been, however, suggested
from another model system of microtu-
bule function that analogous end results
may be obtained by the reverse process,
that is, stabilization of microtubules (5).

The discovery of taxol, a complex
ester isolated from the needles and bark
of the Western yew, Taxus brevifolia
(6), provides a complementary tool for
the dissection of microtubule function in
cell processes such as mitosis. In contrast
to previous microtubule antagonists, taxol
stabilizes microtubules by promotion of
assembly (7-9), thus arresting cell divi-
sion in the G2 and/or the M phase
(10,11). Taxol is now undergoing thera-
peutic trial as an antineoplastic agent
(6,12).

Our finding of twice as many
mitoses in taxol preparations as in Col-
cemid preparations suggests that Colcemid
exerts a degree of premitotic inhibition
of the cell cycle. This interpretation is in
agreement with a few previous reports on

pre-mitotic cell cycle effects of microtu-
bule-disrupting agents (13,14). Con-
versely, taxol is thought to lack such
pre-mitotic inhibitory effects on the cell
cycle (c.f. 15).

Another interesting feature was that
taxol-prepared mitoses appeared to pro-
vide more contracted chromosomes than
Colcemid-prepared mitoses (see Fig. 3).
This observation is consistent with the
idea that colchicine and other classical
microtubule antagonists provide stretching
of chromosomes due to microtubule dis-
assembly (c.f. 16-18). This hypothesis
explains the long-recognized favorable
effect of colchicine treatment on chromo-
some morphology.

It is reasonable to assume that cell
clusters formed by mononuclear blood
cells in tissue culture provide a model of
the immunological events of lymph cell
communication, proliferation and differ-
entiation (c.f. 19,20). The firm attach-
ment of the cells in the cluster also pro-
duces an interesting basic material, a kind
of microtissue fragments, for further in-
vestigation of microtubule function in
dividing and differentiating cells.

Note added in proof

In a recent publication on tension
generation by microtubule depolymeriza-
tion using a new in vitro model, Kosh-
land et al (Nature 131:504, 1988) accom-
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panied by an editorial by R. Burns in
the same issue support our contention
that colchicine and like-agents improve
chromosome morphology by inducing

microtubule stretching.
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