PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE 157, 337-341 (1978)

Granulocyte Colony Formation in Chronic Granulocytic Leukemia during Stable,
Accelerated and Blastic Disease (40049)

C. A. RHODES, W. A. ROBINSON, M. A. ENTRINGER
Department of Medicine, University of Colorado Medical Center, Denver, Colorado 80262

Colonies of maturing granulocytes and
macrophages can be grown from the periph-
eral blood and bone marrow of normal hu-
man beings as well as from patients with a
wide variety of hematopoietic disorders (1-4).
In acute granulocytic leukemia little or no
colony formation takes place from leukemic
cells (3-6). A number of workers have shown,
however, that in chronic granulocytic leuke-
mia (CGL), at least in the stable phase of the
disease, there are increased numbers of gran-
ulocyte colony forming cells (CFU-C) circu-
lating in the peripheral blood and the bone
marrow (3, 5, 7, 8). It has also been suggested
that the number of such colony forming cells
decreases in the bone marrow as the acceler-
ated or blast phase of this disease ensues (3,
4). The data supporting this contention has,
however, been scanty.

The present studies were undertaken to
determine the number of CFU-C in the pe-
ripheral blood and bone marrow of patients
with CGL during various phases of their
disease. These studies have corroborated pre-
vious work indicating that the number of
CFU-C in peripheral blood during the stable
phase of the disease is high. Unlike previous
studies, however, the present work has shown
that in the accelerated and blast phase of
CGL that colony forming cell numbers may
be very high or very low, but are not consist-
ently decreased.

Materials and methods. All patients in this
study were seen at the University of Colorado
Medical Center between January 1, 1970 and
June 1, 1977. The diagnosis of CGL was
based upon a hypercellular bone marrow, the
presence of a low leukocyte alkaline phos-
phatase score and/or the presence of the Phil-
adelphia chromosome in bone marrow
and/or peripheral blood preparations. All of
these studies were performed after written
informed consent as approved by the Human
Research Committee of the University of
Colorado Medical Center. The definitions of

various stages of the disease as used in this
study are as follows:

Stable phase. Patients were placed in the
stable phase if they were either off all medi-
cation or on maintenance therapy and had
hematocrits above 30, platelet counts above
100,000 and white blood cell counts (WBC)
less than 50,000 with less than 5% blasts and
promyelocytes. Three patients whose WBC
counts cycle periodically above 50,000 were
included because they appeared clinically to
be in the stable phase of their disease.

Accelerated phase. The criteria of Schwartz
and Canellos were used to define the accel-
erated phase (9). Patients who exhibited a
gradual acceleration in their disease with pro-
gressive anemia, thrombocytopenia, leuko-
cytosis, splenomegaly, or thrombocytosis un-
responsive to previously effective therapy
were considered to be in accelerated phase.
Leukocytosis with up to 20% blasts was felt
consistent with accelerated phase, over 20%
with blast phase.

Blast phase. The criteria for definition of
blast phase were drawn from previous work
by Schwartz and Canellos (9), Canellos ef al.
(10), and Karanas and Silver (11). Patients
who had a rapid acceleration of their disease
with leukocytosis greater than 30,000/mm?,
anemia with a hemoglobin less than 10
gm%, and thrombocytopenia with platelets
less than 100,000, with an FUO with T
greater than 38.5° for 5 days; or with an
increasing percentage of blasts in the marrow
(20-30%) were considered to be in blast crisis.
Patients with leukocytosis and greater than
20% blasts in the peripheral blood were
placed in the blast phase category.

Fortunately, the designation of patients
into the above categories was readily appar-
ent. No difficulty was encountered in sepa-
rating those in the accelerated phase from
those in the blast phase.

Preparation of peripheral blood and bone
marrow cells for colony growth. The tech-
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nique used here was that of Pike and Robin-
son using a double layer agar system (1). The
stimulus for colony formation in all of these
studies was peripheral white blood cell feeder
layers derived from the peripheral blood of.
normal human beings. These were prepared
as previously described in 0.5% agar in
McCoy’s 5A medium with 15% fetal calf
serum in a concentration of 1 X 10 cells/ml,
and stored in a fully humidified CO; incu-
bator at 37° for up to 14 days prior to use.

Peripheral blood from patients was col-
lected in heparinized vacuum tubes, allowed
to sediment by gravity at room temperature
and the white blood cell rich plasma removed.
Peripheral white blood cells were then
counted and plated in at least triplicate plates
at concentrations of 1 X 10° and 2 X 10°
nucleated cells per ml in 1 ml overlayers in
0.3% agar.

Bone marrow was collected by aspiration
of the posterior iliac crest in heparinized sy-
ringes. This was followed by sedimentation
at gravity at room temperature for 1-2 hr at
which time the buffy coat plasma was with-
drawn, the nucleated cells counted and plated
as above at concentrations of 1 X 10° and 2
X 10° cells/ml. In the present studies no
attempts were made to remove colony stim-
ulating cells from the bone marrow or periph-
eral blood overlays.

After preparation the plates were allowed
to gel at room temperature and then incu-
bated in a fully humidified incubator at 37°
for 14-18 days at which time the colony
counts were performed with the aid of a
dissecting microscope. Only colonies contain-
ing 50 or more cells were counted.

Results. Figure 1 shows the number of
CFU-C found in the peripheral blood of
patients with CGL during the stable, accel-
erated, and blast phases of the disease. In the
stable phase of the disease 43 determinations
were made on 16 patients. The mean number
of CFU-C per ml of blood was 107 x 103,
This is almost twice the value found in nor-
mal human peripheral blood which in our
laboratory ranges from 0 to 50 X 10? colonies
per ml (2). Note particularly that the number
of colony forming cells in peripheral blood
has been expressed per ml of blood rather
than per number of cells plated. This is im-
portant because of the extreme variability in

CFU-C IN CGL

N=21 N=27
P30 u=25)
=43 0=32

3000
2000 .

1000+

ssverdl oo oo

NUMBER OF COLONIES /ML OF BLOOD X 103
g

;.;;.;....4 .~ .

(I)J STABLE ACCELERATED BLAST
STAGE
Fi1G. 1. The number of colony forming cells per ml
of peripheral blood in patients with chronic granulocytic
leukemia during the stable, accelerated, and blast phases
of the disease. Each point is the mean colony count of
data from one patient. The number of determinations

(n), mean (p), and median (o) values are given.

the peripheral white blood cell numbers in
these patients. In the accelerated phase of the
disease, the number of colonies was further
increased to 6 times the normal value with a
mean colony count of 321 X 10°/ml. The
scatter was, however, quite broad ranging
from 19 X 103/ml to 1260 X 10°/ml. The data
shown in Fig. 1 represents 21 data points
obtained on 10 patients using the criteria for
accelerated phase disease as outlined earlier.
The wide scatter noted suggests that the me-
dian determination may be a more important
value. This is also shown in Figure 1 for all
phases of CGL and indicates that when the
number found in the stable phase of the
disease (5 X 10%) is compared to the acceler-
ated phase an increase (43 X 10°/ml of blood)
is also found. During the blast phase of the
disease the number of colony forming cells
was again increased over that found in nor-
mal humans and in the stable phase of CGL
with a mean of 251 x 10°/ml as shown in
Fig. 1. The data shown here represents 27
data points on 11 separate patients. Here,
once again, the scatter was quite broad. De-
termination of the median shown in Fig. 1,
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indicated that the value was higher (32 X
10%) than that seen in the chronic phase of
the disease but similar to that found in the
accelerated phase. Attempts to correlate the
number of CFU-C in the peripheral blood
with absolute white blood cell counts, the
patients response to therapy or subsequent
clinical outcome were unsuccessful. Those
patients with high colony forming cell num-
bers in the accelerated or blast phase of the
disease did not differ significantly clinically
from those who had low or decreased colony
forming cell numbers.

Figure 2 shows the number of CFU-C in
the bone marrow of the same patients during
various phases of their disease. Unfortu-
nately, in the accelerated and blast phase of
the disease bone marrow aspirates are often
impossible to obtain and the number of data
points available was somewhat less. In these
studies the number of colonies has been ex-
pressed as per 1 X 10° cells plated. In the
stable phase of the disease 42 data points
were obtained on 22 patients. The mean num-
ber of colonies grown was 47 and the median
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FiG. 2. The number of colony forming cells per 1 X
10° cells plated in the bone marrow of patients with
chronic granulocytic leukemia during the stable, accel-
erated, and blast phases of the disease. Each point is the
mean colony count of data from one patient. The number
of determinations (n), mean (1), and median (o) values
are shown.
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was 37. The mean number of colonies during
the stable phase of the disease is surprisingly
not significantly higher than we have recently
reported for normal human bone marrow
grown under the same conditions (12). In
those studies, 99 normal human bone mar-
rows were plated at 2 X 10° cells and the
mean colony forming cell number was closely
clustered around 75 with a range from 24 to
250. It is unlike data reported by previous
authors which indicated that the number of
CFU-C in the bone marrow was markedly
increased in stable CGL (3-7). Also shown
in Fig. 2 are the number of CFU-C in the
bone marrow of patients during the acceler-
ated phase of the disease. Shown here are
eight data points obtained on four patients.
The number of CFU-C is reduced compared
to normal values with a mean of 32 and a
median of 28. In contrast, the mean number
of CFU-C in the bone marrow of patients
during the blast phase of their disease is
markedly elevated at 221 colonies/10° cells
plated. The data shown here contain 12 data
points obtained on six patients. It can be seen
that there was considerable scatter and when
the median colony count, as opposed to the
mean, is determined, this value falls to 4
CFU-C per 1 x 10° cells. It would appear
from the data shown in Fig. 2 that in the
blast phase of CGL there are two separate
populations of patients, one group with high
numbers of CFU-C in the marrow and an-
other group with low numbers. No clinical
differentiation between these patients could
be determined, however.

There was a direct correlation between the
numbers of CFU-C found in the peripheral
blood and bone marrow during all phases of
the disease. When high numbers of CFU-C
were present in the blood, high numbers were
also found in the bone marrow. The reverse
was also found and is illustrated by the four
patients with very low or absent bone marrow
CFU-C during the blastic phase. In all four
concomitant determinations of peripheral
blood CFU-C also showed that they were low
or absent.

Colony morphology of peripheral blood
and bone marrow colonies was studied using
Wright-Giemsa stained preparations. No def-
inite differences in cellular maturation of col-
ony cells were noted when compared between
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groups or with normal human bone marrow
colonies as described previously (1).

Discussion. These data have confirmed
previous reports that the number of granu-
locyte colony forming cells in the peripheral
blood of patients with chronic granulocytic
leukemia is increased during the chronic or
stable phase of the disease. These data have
not confirmed previous reports that the num-
ber of CFU-C in the bone marrow is in-
creased, however, nor have they shown a
consistent decrease in the colony forming cell
numbers in the peripheral blood or bone
marrow with the advent of blast crisis, a
claim which has been put forward previously
3, 4.

The reasons for the differences in colony
growth noted between previous reports and
those reported here do not apparently lie in
the heterogeneity of patients studied. Clinical
details for the patient group studied here have
not been presented but they all represent so-
called “classic” chronic granulocytic leuke-
mia with the presence of the Philadelphia
chromosome and/or low leukocyte alkaline
phosphatase scores. Likewise, their clinical
outcome with relationship to longevity or
response to therapy cannot be equated with
the various colony forming cell numbers
noted.

It is likely that these results represent the
biologic variability that might be expected in
such a disease and that this represents the
first large study specifically related to this
disorder.

Perhaps of interest to the present studies
has been the recent finding of the presence of
terminal nucleotidal transferase on the cells
undergoing blast crisis in chronic granulo-
cytic leukemia (13). This data has suggested
that there may be progressive lymphocyte
involvement in this disorder with the final
development of acute lymphoblastic leuke-
mia. Previous studies from this laboratory
have shown that the number of CFU-C in
bone marrow of children with acute lympho-
blastic leukemia is markedly reduced com-
pared to normal humans (14). It would be of
extreme interest to determine whether those
patients in the present studies who had re-
duced numbers of CFU-C in the peripheral
blood and bone marrow during the advanced
stages of their disease were also those who
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appear to transform to a lymphocytic form of
leukemia. These studies have not been per-
formed to date but are currently being con-
sidered.

We originally hoped that determination of
colony forming cell numbers in peripheral
blood and bone marrow might be of prog-
nostic importance and significance. The ini-
tial suggestion that as blast crisis ensued the
number of colony forming cells decreased led
us to consider the possibility that we might
use this indicator as a guide to therapy, par-
ticularly early intervention with more aggres-
sive chemotherapy before histologic evidence
of blast crisis occurred. The present studies
indicate that such an approach is neither
feasible nor warranted. Patients with clear-
cut blast crisis retain large numbers of colony
forming cells in their peripheral blood and
bone marrow. In our hands this appears to
occur in about half the patients. It is possible
that with serial points on a single patient one
might be able to postulate the eventual out-
come of the disease but this is probably not
more beneficial than simple histologic view-
ing of changes in the morphology of the
peripheral blood and bone marrow cells.

The present findings, when taken in the
light of other recent studies in CGL suggest
a considerable biologic and pathophysiologic
spectrum in this seemingly uniform disorder
of human beings.

Summary. The number of granulocyte col-
ony forming cells (CFU-C) has been deter-
mined in the peripheral blood and bone mar-
row of patients with chronic granulocytic leu-
kemia (CGL) during the stable, accelerated
and blastic phases of the disease. These stud-
ies have corroborated previous work indicat-
ing that blood CFU-C numbers are high
during the stable phase of CGL. In the ac-
celerated and blast phases of CGL, CFU-C
numbers in the peripheral blood and bone
marrow may be decreased, normal or in-
creased, but are not consistently low. Changes
in CFU-C numbers could not be correlated
with clinical patterns of CGL, or eventual
outcome of the disease.
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