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ABSTRACT
The effects of colony-stimulating factors on differentiation of
leukemic progenitor cells were investigated in various types of
acute nonlymphocytic leukemia. Two different sources of colonystimulating factors were used in this study: human placenta!
conditioned medium; and phytohemagglutinin-stimulated
leuko
cyte-conditioned medium. At the end of culture, colony types
were determined by dual esterase staining in permanent prepa
rations. The majority of the colonies formed in acute myeloblastic
and acute promyelocytic leukemias were neutrophilic even when
stimulated by phytohemagglutinin-stimulated
leukocyte-condi
tioned medium, which contains a potent stimulator of macro
phage colony growth from normal marrow cells. On the other
hand, both neutrophilic and monocytic colonies were formed in
acute myelomonocytic leukemia (AMMoL). The proportions of
these two types of colonies were variable, depending on the
nature of added colony-stimulating factor and its concentration.
These findings suggest that the leukemic progenitors in acute
myeloblastic and acute promyelocytic leukemias have a tendency
to differentiate mainly into a neutrophilic lineage in vitro and that
the leukemic progenitors in AMMoL differentiate into both neu
trophilic and monocytic lineages in vitro. In addition, in two cases
of esterase-negative AMMoL, both neutrophilic and monocytic
colonies were detected as in the other well-defined cases of

leukemic progenitors are capable of self-renewal as determined
by replating assay (4, 7); and (b) a high proportion of the
progenitors are in the S phase of the cell cycle (20).
The in vitro differentiation of leukemic progenitor cells may
merit investigation. Marie ef al. (18) showed that differentiation
events occurring during leukemic colony formation are abnormal.
However, cytochemical studies on cells constituting colonies
have not been performed sufficiently. In the present study, we
have examined the effects of 2 different CSF (HPCM and PHALCM) on leukemic differentiation in various types of ANLL,
including AML, APL, and AMMoL. Using our new methods, which
made it possible to obtain permanent preparations from methylcellulose cultures (23), colony types were compared with normal
myeloid colonies cultured similarly to leukemic colonies.

MATERIALS AND METHODS
Patients. Twenty-eight patients with ANLL were studied (Table 1).
The type of leukemia was classified according to the clinical data and
cytochemical findings obtained by dual esterase staining (17). The cells
from AML and APL showed positive naphthol AS-D chloroacetate ester
ase reaction and little or no a-naphthylbutyrate esterase reaction. Both
chloroacetate esterase-positive cells and butyrate esterase-positive cells
were detected in AMMoL. In Cases 22 and 26, however, the diagnosis
was based on the findings of Wright-Giemsa staining, because the

AMMoL. This study seems to be of value in understanding the
nature of leukemic progenitor cells and also shows that morpho
logical analysis of leukemic colonies may be helpful in the clas
sification of acute nonlymphocytic leukemia.

leukemic cells did not show positive esterase reaction.
Leukemic Colony Formation. Peripheral blood and/or bone marrow
specimens were obtained from the patients at the time of diagnosis or
relapse prior to treatment. Leukemic colonies were formed according to
the method of Minden et al. (19) with minor modifications. Mononuclear
cells were isolated by Ficoll-metrizoate (Lymphoprep; Nyegaard, Oslo,
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Norway) density centrifugation at 400 x g. In order to avoid the formation
of T-lymphocyte colonies, sheep E-rosette-forming cells were subse

In vitro cloning techniques have shown that the bone marrow
and peripheral blood of patients with ANLL" contain progenitor

quently removed by the technique described by Minden ef al. (19). About
2% or less of E-rosette-positive cells were left after this resetting
technique. Cells from the E-rosette-negative fraction were plated in 35-

cells capable of forming colonies in culture (5, 19, 22, 24, 26).
These colonies were considered to be leukemic in origin for a
number of reasons, including the fact that cells within the colonies
remained blast-like in morphology (5, 20) and that chromosomal
markers characteristic of leukemia clones were identified in some
colonies (10, 13, 21). Up to the present, several important
properties of leukemic progenitor cells have been revealed: (a)
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mm Petri dishes (Lux Scientific Corp., Newbury Park, Calif.) at a concen
tration of 1 x 105 cells/ml in 0.8% methylcellulose (Dow Chemical Co.)
in Â«-medium (Flow Laboratories, Inc., Rockville, Md.) supplemented with
20% fetal calf serum (Flow Laboratories) with or without 10% CSF. Two
different conditioned media were used as the sources of CSF in this
study. PHA-LCM was obtained from the supematants of cultured leu
kocytes (1 x 106 cells/ml) incubated for 7 days in Â«-medium with 10%
fetal calf serum and 1% phytohemagglutinin

(Wellcome HA-15). HPCM

was prepared according to the method of Burgess ef al. (6). Culture
plates were incubated for 7 to 9 days at 37Â° on a fully humidified
atmosphere containing 5% CÃ›2 in air. Colonies containing 20 or more
cells were counted with an inverted microscope. Cells within a part of
the colonies were pooled and tested for E-rosette formation.
Normal Myeloid Colony Formation. Bone marrow specimens were
obtained from normal volunteers after written informed consent. Cell
preparation (E-rosette-positive cell depletion) and culture were performed
by the same method as for leukemic colony formation.
Morphological Examination. Morphological examination was per
formed by the membrane filtration technique, a new method for obtaining
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Tabtei
Clinical data and colony-forming ability in 28 cases of ANLL

cotonies/1
cellsHPCM169135ND6271370812383000000265276959001717246539
x 105
response to
statusURUURUUUUUURUUUUUUUUUUURRUuuSampleBMPBPBPBPBPBPBPBBMBMBMPBPBPBPBBMBMPBPBPBBMBMPBBMPBBMBMPBPBBM
ter)41.2119.64.530.43013.625.113.7174245131.57.778.1126.829420.21.58.529365.2840117.6305651308.46.04734.8Bl
(%)796935275794299084789880889795928973707672898694874296947540994962No.H00ND000
Case12345678910111213141516171819202122232425262728DiagnosisAMLAMLAMLAMLAMLAMLAMLAMLAMLAMLAMLAMLAMLAMLAPLAPLAPLAPLAPLAMMLAMM
chemotherapyUFCRCRCRUCRPR

" NCC, nuclear cell count; (-), no stimulator; U, untreated case; BM, bone marrow; U, undetermined due to early death; PB, peripheral blood; R, case in relapse; ND,
not done; F, failure; CR, complete remission; PR, partial remission; T, E-rosette-positive

permanent preparations of cells cultured in methylcellulose medium (23).
The preparations obtained by this technique were stained with WrightGiemsa or dual esterase staining according to the method of Li et al.
(17). If most of the cells in a colony were chloroacetate esterase-positive
or butyrate esterase-positive, the colony was considered a neutrophilic
or monocytic (monocyte/macrophage)
colony, respectively. If a colony
consisted of both chloroacetate esterase-positive cells and butyrate
esterase-positive cells, then the colony was considered a N/M mixed
colony. Esterase reaction of leukemic colonies was often weak and
sometimes deficient. The former were classified as similar to normal
myeloid colonies, while the latter ones (i.e., those that are deficient)
seemed to be mostly blastic colonies on the basis of the results of
Wright-Giemsa staining. Almost all of the esterase-negative colonies
formed in normal bone marrow cultures were eosinophilic colonies as
determined by Biebrich-Scarlet staining (15).

RESULTS
Twenty-eight cases of ANLL were studied for leukemic colonyforming ability using the methylcellulose culture system with or
without exogenous CSF. As summarized in Table 1, colonies
were formed in 8 of 14 cases of AML, in 3 of 5 cases of APL,
and in 7 of 9 cases of AMMoL. In general, colony-forming ability
was higher in AMMoL than in AML and APL cases. Leukemic
cells in these AMMoL cases were relatively immature. Case 28,
in which colony growth was not detected, was differentiated
type AMMoL. In several AMMoL cases (Cases 20, 21, 22, 24,
and 25), colony formation was observed even in the absence of
exogenous CSF. These spontaneous colonies were still ob
served after phagocyte depletion by means of the carbonyl iron

cells were observed in the pooled colonies.

technique in 2 (Cases 20 and 22) of 3 (Cases 20, 21, and 22)
AMMoL cases examined (data not shown). In the AML and APL
cases, colony formation required the presence of CSF. Apparent
correlation was not observed between colony-forming ability and
remission rate.
Morphology of Normal Myeloid Colonies. To compare normal
myeloid with leukemic colonies, normal human bone marrow
cells were cultured under the same conditions as were those for
leukemic colony formation. Normal marrow cells yielded mainly
neutrophilic colonies on Day 8 when stimulated by HPCM, and
many macrophage and eosinophilic colonies besides neutrophilic
ones were observed when stimulated by PHA-LCM (Table 2). At
a later culture period, e.g., 14 days, several macrophage and
eosinophilic colonies were formed also by HPCM. Therefore,
cultures were examined on Days 7 to 9, when the differences of
these 2 stimulators were clear-cut.
Table 3 shows the relationship between the number and the
cellular composition of colonies and the concentrations of PHALCM. Proportions of macrophage colonies, N/M mixed colonies,
and eosinophilic colonies increased along with increasing con
centrations of PHA-LCM, whereas neutrophilic colonies de
creased.
Morphology of Leukemic Colonies. Cells within the colonies
formed in leukemic patients were generally immature in mor
phology when examined in Wright-Giemsa-stained preparations
compared with the cells in normal myeloid colonies. Interestingly,
most of the colonies formed in APL cases consisted of immature
cells with abundant coarse granules, characteristic of this type
of leukemia (23). However, some degrees of maturation of cells
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Table2
coloniesHPCMPHA-LCM%
Typesof

coloniasNormalNormalNormalNormal123467815202122232426NSampleBM6
of

coloniesNM10238020720009440312M
of
of>10"
colonies/1
of>10''
colonies/1
cells344317264220169ND62713781238326524651248156045384148tN"99989993100100100100100100100937799837NM10000000000312003M01040ND0000002
cells68253740632576775060456ÃŒ158842616541068186086834028N367159429996
(-)011300000002088217No.
E
Eo12

1BM

4213
1414
2418
32022110100062131461139EH10013600012585

2BM

3BM
4AMI-AMI.AMLAMLAMLAMLAMLAPLAMMLAMMLAMMLAMMLAMMLAMMLlo.

'_'N, neutrophilic colonies; NM, N/M mixed colonies; M, monocyte/macrophagecolonies; Eo, eosmophiliccolonies; E (-), esterase-negativecolonies; ND, not done
13E-rosette-negativemononudearcellsobtainedfromnormalbonemarrow.
Table3
Relationshipbetween the number and the cellular composition of colonies and the concentrations of PHALCM

coloniesN"50362461421929176573826NM710115817992334453M1212161218275362805131
of
of colonies/
1 x cells44668260229932535117051654163712001068924%
106

1BM
NormalNormal2021SampleBtjf

4AMMLAMMLStimulatorPHA-LCMPHA-LCMPHA-LCMPHA-LCM%51020510205102051020No.

* N, neutrophilic colonies; NM, N/M mixed colonies; M, monocyte/macrophage
colonies; E (-), esterase-negative colonies.
" E-rosette-negative mononudear cells obtained from normal bone marrow.

were often observed after culture in many cases. In some AML
cases, most of the colonies consisted of maturing cells such as
myelocytes and metamyelocytes. Mature macrophage colonies
as well as immature monocytoid colonies were observed in some
AMMoL cases. The extent of in vitro leukemic cell maturation
was different from patient to patient. Cytochemical reactivity of
cells was also stronger after culture than that seen upon direct
marrow examination. Therefore, colony types were further con
firmed by dual esterase staining (Table 2). In several cases
(Cases 6, 20, 22, 23, 24, and 26), a considerable number of
esterase-negative blastic colonies were observed. The growth
of these blastic colonies was more prominent in cultures of
AMMoL cells stimulated by PHA-LCM than that in AML. Fur
thermore, neutrophilic colonies stimulated by PHA-LCM showed
weaker chloroacetate esterase reaction than did those stimu
lated by HPCM in most cases of both AML and AMMoL, although
this finding was also observed in normal myeloid colonies (data
2336

colonies; Eo, eosinophilic

not shown).
In contrast to normal bone marrow cultures, leukemic progen
itors in AML and APL formed mostly immature neutrophilic
colonies after 7 to 9 days of culture even when stimulated by
PHA-LCM, except for Case 8. In some AML cases (especially
differentiated type), however, many scattered macrophages
were observed in cultures as background cells. On the other
hand, leukemic progenitors in AMMoL formed neutrophilic, monocytic, and N/M mixed colonies in the presence of PHA-LCM. In
Cases 21 and 26, a significant number of monocytic colonies
were formed even when stimulated by HPCM. The percentages
of monocytic colonies were much higher when stimulated by
PHA-LCM than by HPCM, and increased with increasing con
centrations of PHA-LCM as observed in normal bone marrow
cultures (Table 3).
In Cases 22 and 26, the leukemic cells prior to culture did not
show positive esterase reaction, but some colonies obtained
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from these cases were positive for esterases. These colonies
showed weaker esterase reaction than did those in the other
cases, or only a part of the cells in the colonies were esterase
positive.
DISCUSSION
The ability of several different CSFs to stimulate leukemic
colony growth has been reported by several authors. These
CSFs include PHA-LCM (5,16,19, 24), conditioned media from
a T-cell hairy cell leukemia cell line (16, 19), HPCM (12, 27),
conditioned media from a giant-cell tumor cell line (3, 16), and
leukocyte feeder layers (12, 22, 26). However, comparisons of
the type of leukemic colonies formed by different stimulators
have not been reported. We examined the cellular composition
of colonies using our new technique for morphological exami
nation of cells cultured in methylcellulose medium (23).
In the analysis of the leukemic colonies by dual esterase
staining, many esterase-positive colonies were observed in our
culture system unlike those in the reports of Marie et al. (18).
The reason for this difference is uncertain but may be due in part
to different culture conditions. The observation that PHA-LCM
tends to stimulate more immature (with weaker esterase reac
tion) colony formation than does HPCM may be important,
because only PHA-LCM was used by Marie et al. as the stimu
lator of leukemic colony growth.
Another difference in the 2 conditioned media used by us was
shown in the normal bone marrow cultures. While HPCM stim
ulated mainly neutropholic colony formation, PHA-LCM stimu
lated the formation of many macrophage and eosinophilic colo
nies besides neutrophilic ones after 7 to 9 days of culture of
normal marrow cells.
It is of interest that leukemic progenitors in AML and APL
formed mostly immature neutrophilic colonies even when stimu
lated by PHA-LCM which contains a potent stimulator of mac
rophage colony growth from normal marrow cells. This may
mean that AML and APL leukemic progenitors have a tendency
to differentiate into a neutrophilic lineage in vitro regardless of
the nature of added CSF.
In AMMoL, both types of colonies were formed when stimu
lated by PHA-LCM and, in some cases, even when stimulated
by HPCM. The proportion of these 2 types of colonies was
variable, depending on the nature of added CSF and its concen
tration. These findings suggest that both leukemic progenitors
of neutrophilic and monocytic lineages may exist in AMMoL and
that some of the leukemic progenitors in AMMoL may be bipotent
and differentiate into either neutrophilic or monocytic lineages
depending on the culture conditions.
AMoL was not included in our study. Taetle and Ivor (28)
reported that colonies obtained from 2 cases of AMoL consisted
of monoblasts and immature macrophages. Their study suggests
that AMoL leukemic progenitors have a tendency to differentiate
into a monocyte/macrophage lineage in vitro. It should be of
interest whether monocytic colonies would be also predominant
even when stimulated by HPCM which is a potent stimulator of
neutrophilic colony growth from normal marrow cells.
In 2 cases of esterase-negative AMMoL, the diagnosis was
confirmed after culture, since both neutrophilic and monocytic
colonies positive for esterases were detected as in the other
well-defined cases of AMMoL. Therefore, analysis of leukemic
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colonies may be helpful in the classification of ANLL.
In contrast to our present data, human acute promyelocytic
leukemia cell line (HL-60) has been reported to differentiate into
macrophage lineage not only by 12-O-tetradecanoylphorbol-13acetate, but also by the T-lymphocyte-conditioned media (8,11).
However, the nature of HL-60 cells seems to be different from
that of fresh cases of APL, since not only chloroacetate esterasepositive cells but also a significant number of butyrate esterasepositive cells were detected even in the uninduced HL-60 cell
line.5
In our present study, the in vitro cloning and morphology data
were not correlated with subsequent clinical response such as
remission rate. However, the radiosensitivity and cell cycle status
of leukemic progenitor cells seemed to be related to the degree
of cytoreduction after chemotherapy.6
Recently, several chemical compounds have been reported to
affect the differentiation of normal and abnormal myeloid cells in
vitro (1, 2, 9, 14, 25). Studies are in progress to investigate
further the effect of these chemical compounds on the differen
tiation of leukemic progenitor cells as well as CSF presented in
this paper.
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