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Abstract We evaluated in vitro how growth factors in-
fluenced the effect of cytostatic drugs on normal he-
matopoietic progenitor cells. Bone marrow was obtained
from 15 donors for bone marrow transplantation. After
separation the mononuclear fraction was incubated with
granulocyte colony-stimulating factor (G-CSF) at 5 and
50 ng/ml, with granulocyte/macrophage colony-stimu-
lating factor (GM-CSF) at 1 and 10 ng/ml, and with
interleukin 3 (IL-3) at 0.5 and 5 ng/ml for 24 h prior to
incubation with cytostatic drugs. These incubations were
performed with 0.05 pM mitoxantrone and 0.2 uM
daunorubicin for 1 h, and cells were thereafter cultured
for colony-forming units — granulocyte/macrophage
(CFU-GM) in soft agar for 10-12 days. Incubation with
0.05 pM cytosine arabinoside was performed continu-
ously throughout the culture period. The proliferation of
normal hematopoietic progenitor cells stimulated with
GM-CSF at 10 ng/ml and with IL-3 at 5 ng/ml was
significantly increased to 218% and 215% colonies,
respectively, as compared with the control stimulat-
ed with conditioned medium only. Stimulation with
G-CSF, on the other hand, did not induce any signifi-
cantly enhanced proliferation relative to the control.
Daunorubicin applied in combination with G-CSF at
5 ng/ml or with IL-3 at 0.5 ng/ml exerted a significantly
higher degree of cytotoxicity on normal hematopoietic
progenitor cells, resulting in 21% and 30% surviving
colonies as compared with the 38% recorded for dau-
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norubicin alone (P < 0.05). Neither G-CSF nor IL-3 at
a higher concentration nor GM-CSF exerted a signifi-
cantly altered degree of toxicity relative to cells incu-
bated with daunorubicin alone. The cytotoxic effect
exerted on normal hematopoietic cells by mitoxantrone
or ara-C was unchanged or significantly decreased after
stimulation with growth factors as compared with the
effect on cells incubated with cytostatic drugs alone. We
conclude that G-CSF and IL-3 augment the effect of
daunorubicin on normal hematopoietic progenitor cells.

Key words Bone marrow - Normal hematopoietic
cells - CFU-GM - Anthracyclines - Ara-C - IL-3 -
G-CSF - GM-CSF

Abbreviations Ara-C Cytosine arabinoside -
CFU-GM colony-forming unit —

granulocyte macrophage - DNR Daunorubicin -
G-CSF Granulocyte colony-stimulating factor -
GM-CSF Granulocyte macrophage
colony-stimulating factor - /L-3 Interleukin 3 -
CM Conditioned medium - MIT Mitoxantrone

Introduction

Major reasons for treatment failure in cancer chemo-
therapy are high levels of toxicity to normal hemato-
poietic progenitor cells and drug resistance in the
malignant cells. In treatment with cytostatic drugs the
toxicity to normal hematopoietic progenitor cells is
generally the dose-limiting factor. In the clinical situa-
tion there are great interindividual differences with
regard to bone marrow toxicity. Much of the develop-
ment of new treatment schedules has the objective of
reducing bone marrow toxicity and, thereby, increasing
the therapeutic index of anticancer drugs.

Cytotoxic drugs mostly exert their effects on the
synthesis of DNA, RNA, or protein, e.g., on cells in the
active cell cycle. The anthracycline antibiotic agent
daunorubicin and the anthracenedion derivative
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mitoxantrone are thought to be intercalating agents that
also form complexes with topoisomerase II and DNA [7,
26]. Cytosine arabinoside (ara-C) is regarded to be
more S-phase-specific than the anthraquinones and is
active after its phosphorylation to ara-CTP [12, 13]. All
dividing cells, including hematopoietic cells, are more
vulnerable to these drugs than are cells in the G, phase
which can be expected to be less sensitive to the effect of
ara-C and to that of the anthraquinones.

Growth factors are used to enhance bone marrow
proliferation after intensive chemotherapy. The DNA
synthesis rate of acute myeloblastic leukemia (AML)
cells is frequently low [17]. There is evidence that growth
factors may influence the sensitivity of leukemic pro-
genitor cells to cytotoxic chemotherapy by recruiting Gy
cells into the cell cycle [6, 14, 15]. An attractive approach
to increase the cytotoxic effect on the tumour cells as
well as to enhance the growth of normal bone marrow
cells would be to use a combination of growth factors
and cytostatic drugs. Reports are available on several
clinical studies using growth factors in combination with
cytostatic drug treatment, but there is no conclusive
evidence as to how the treatment outcome is affected [2,
8-10, 22]. Apparently there is a risk that growth factors
could also make normal hematopoietic progenitor cells
more sensitive to cytostatic drugs, and this problem has
not been extensively addressed.

The main objective of this study was therefore to
evaluate in vitro how a combination of growth factors
and cytostatic drugs would affect bone marrow cells
obtained from healthy donors. The incubation concen-
trations and times for the drugs were chosen to reach the
same intracellular concentrations achieved after in vivo
infusion with these drugs [23, 25]. The in vitro intracel-
lular concentrations of daunorubicin and doxorubicin
mimicked the intracellular concentrations reached in vi-
vo after infusion of 60 mg/m? for 1 h; the corresponding
in vivo concentrations were 12 mg/m? for mitoxantrone
as infused for 1 h and 100 mg/m? for ara-C given as a
continuous infusion.

Materials and methods

Materials
Cells

Cells were obtained from 15 healthy donors (7-67 years) for bone
marrow transplantation. Bone marrow samples of 5-10 ml were
collected in preservative-free heparin, and the mononuclear cells
were separated on sodium metrizoate/Ficoll (Lymphoprep,
Nyegaard & Co, Oslo) [5] and thereafter washed twice with culture
medium (RPMI 1640).

Cytostatic drugs

The anthracycline derivative daunorubicin (Cerubidin) was pur-
chased from Rhone-Poulenc Rorer. Stock solutions of 100 pM

were stored at —20 °C. Mitoxantrone (Novantrone) was purchased
from Lederle/Cyanamid and was freshly prepared before every
incubation. Ara-C (Cytosar) was purchased from Upjohn. Stock
solutions of 100 pM were made every week and stored at 4 °C.

Growth factors

GM-CSF (granulocyte/macrophage colony-stimulating factor)
was purchased from Sandoz as Leucomax. Stock solutions of
1500 ng/ml were stored at —70 °C. The final concentrations used in
cultures were 1.0 and 10 ng/ml. G-CSF (granulocyte colony-stim-
ulating factor) was purchased from Roche as Neupogen. Stock
solutions of 3000 ng/ml were stored at 4 °C. The final concentra-
tions used were 5.0 and 50 ng/ml. IL-3 (interleukin 3) was pur-
chased from Genzyme as RH-IL-3. Stock solutions of 2000 ng/ml
were stored at =70 °C. The final concentrations were 0.5 and 5 ng/
ml. Working solutions of growth factors were freshly prepared for
every test performed.

Experimental design
Incubation and cultures

In all, 5 x 10° mononuclear cells/ml were incubated for 24 h with
phosphate-buffered saline (PBS; control), G-CSF, GM-CSF, or 1L-3
at two different concentrations. Incubations were performed in
polypropylene tubes with RPMI 1640, 10% fetal calf serum (FCS),
and 1% vr-glutamine at 37 °C in a humidified atmosphere con-
taining 5% CO,. The final volume was 1 ml, including the growth
factors, which were added at 10 times the final concentration.

After 23 h of incubation with growth factors, cytostatic drugs
were added for 1 hour without prior washing. Mitoxantrone was
added to a final concentration of 0.05 uM and daunorubicin was
added to a final concentration of 0.2 uM. Ara-C was first added to
a final concentration of 0.05 pM for 1 h but was also installed at
the same concentration in the agar cultures as a continuous incu-
bation. The incubation concentrations were chosen according to
what we have previously shown to give an intracellular exposure
mimicking the clinical situation after pharmacokinetics studies
[23, 25].

After the complete incubation period of 24 h the cells were
centrifuged (400 g for 10 min) and the supernatant was discarded
prior to culturing in agar. The agar cultures were done in 35-mm
petri dishes with 1 ml in the feeder layer and 1 ml in the over-layer
[16]. The feeder layer consisted of 40% double-concentrated
McCoy’s medium including 30% FCS, 10% CM (conditioned
medium) [29], and 50% of 1.0% agar, which gives a final concen-
tration of McCoy’s with 15% FCS and 0.5% agar. The final con-
centration of the over-layer was McCoy’s with 15% FCS, 0.3%
agar, and 1 x 10° cells/ml. Without a washing step the cells were
resuspended in 5 ml agar-medium, of which 1 ml was added to
each of three culture dishes. Growth factors were added to the
overlayer in the same concentrations described above for the rest of
the culture period. For cells incubated with ara-C, fresh ara-C was
added at the same concentration used during the culture period.
Cells were cultured at 37 °C in a humidified atmosphere containing
5% CO,, and colonies with more than 40 cells were counted in an
inverted microscope after 10-12 days.

Evaluation of cytotoxic effect

For cytostatic drugs alone the toxic effect was expressed as the
percentage of colonies counted relative to a drug-free control
stimulated with only CM. The combined effect of cytostatic drugs
and growth factors was expressed as the percentage of colonies
counted relative to a control incubated with the corresponding
growth factor.



Statistical analysis

Wilcoxon’s signed-rank test was used to evaluate differences be-
tween mean values recorded for sensitivity per group of patients. A
P value of <0.05 was regarded as statistically significant.

Results
Growth of controls

A mean of 98 bone marrow colonies were detected in 16
controls cultured with CM in the absence of growth
factors or cytostatic drugs, with the minimum being 32
and the maximum, 215 colonies/1 x 10° mononuclear
cells.

Growth after addition of growth factors

Cells stimulated with G-CSF at 5 or 50 ng/ml did not
show a significant increase in proliferation relative to the
controls cultured with CM, as is shown in Table 1. The
number of colonies increased 1.5 times on incubation
with GM-CSF at 1 ng/ml and with IL-3 at 0.5 ng/ml
and showed a significant 2-fold increase on incubation
with GM-CSF at 10 ng/ml and with IL-3 at 5 ng/ml

Table 1 Stimulating effect of growth factors on normal bone
marrow cells from healthy donors. The control value is expressed
as the number of colonies/ 10° cells, and the growth-factor-stimu-
lated samples are expressed as percentages of colonies relative to
the control stimulated with conditioned medium

n Mean unit Range
Control (CM) 16 98 colonies 32-215
G-CSF 5.0 ng/ml 13 103% 53-216
G-CSF 50 ng/ml 16 113% 65-248
GM-CSF 1.0 ng/ml 13 128%* 80242
GM-CSF 10 ng/ml 15 218%** 108-391
1L-3 0.5 ng/ml 13 144%,** 106221
IL-3 5.0 ng/ml 15 216%** 105-579

*P < 0.05; **P < 0.005
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(to 218% and 216%, respectively; P < 0.005) as com-
pared with the control.

Growth after incubation with cytostatic drugs

Incubation for 1 h with 0.2 pM daunorubicin exerted a
mean cytotoxic effect that resulted in 38% colonies and
0.05 pM mitoxantrone yielded 20% colonies relative to
controls stimulated with CM (Table 2). Continuous in-
cubation with ara-C at a concentration of 0.05 uM gave
18% colonies relative to a control stimulated with CM.

G-CSF and cytostatic drugs

The cytotoxic effect on normal hematopoietic progenitor
cells incubated with G-CSF at 5 ng/ml in combination
with daunorubicin was significantly increased to 17% as
compared with 38% of the colonies (P < 0.05) in sam-
ples incubated with daunorubicin alone, as is shown in
Fig. 1 and Table 2. Incubation with G-CSF at 5 ng/ml
also induced a greater effect of mitoxantrone, although
this difference was not significant. The addition of G-
CSF at 50 ng/ml did not alter the toxicity of daunor-
ubicin or mitoxantrone as compared with treatment with
the cytostatic drugs alone. Incubations with either con-
centration of G-CSF did not significantly change the
toxicity of ara-C to normal hematopoietic progenitor
cells.

GM-CSF and cytostatic drugs

The cytotoxic effects of daunorubicin or mitoxantrone in
combination with GM-CSF at 1 ng/ml did not change
significantly relative to that observed in cells incubated
with cytostatic drugs alone. GM-CSF applied at 10 ng/
ml in combination with mitoxantrone reduced the
cytotoxic effect to 23% colonies as compared with the
20% value recorded for cells incubated with mitoxan-
trone alone (P < 0.05), as is shown in Fig. 2 and

Table 2 Toxic effect of cytostatic drugs on normal bone marrow progenitor cells after incubation with growth factors, expressed as
percentages of colonies relative to a control incubated with the corresponding growth factor

DNR MIT Ara-C

n Mean Range Mean Range Mean Range
CM 15 38 0-103 20 0-80 18 0-87
G-CSF 5.0 ng/ml 7 17* 5-54 12 1-29 26 4-82
G-CSF 50 ng/ml 9 38 0-125 22 0-106 34 0-149
GM-CSF 1.0 ng/ml 7 32 4-102 12 044 25 6-80
GM-CSF 10 ng/ml 8 24 2-66 23* 0-66 29 0-100
IL-3 0.5 ng/ml 7 30* 7-82 13 1-43 21 1-82
IL-3 5.0 ng/ml 8 39 1-106 25 0-95 24 0-77

*P < 0.05 (Wilcoxon’s signed-rank test)
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Fig. 1 Effect of G-CSF at 5 and 50 ng/ml on the toxicity of
daunorubicin (DNR), mitoxantrone (MIT), and ara-C to normal
hematopoietic progenitor cells. The cytotoxic effect is compared
with that observed in controls stimulated with G-CSF. The
horizontal line indicates the amount of colonies grown after
incubation with only cytostatic drugs. Higher bars show a
decreased effect and lower bars, an increased effect of cytostatic
drugs applied in combination with G-CSF

Table 2. Normal hematopoietic progenitor cells incu-
bated with ara-C in combination with GM-CSF at both
1 and 10 ng/ml showed a decrease in toxicity from 18%
to 25% and 29%, respectively (nonsignificant).

IL-3 and cytostatic drugs

IL-3 at 0.5 ng/ml induced a significant increase in the
toxicity of daunorubicin from 38% to 30% colonies
(P < 0.05) as compared with an IL-3-stimulated control
(Table 2, Fig. 3). An increase in the toxicity of mitox-
antrone was also observed after incubation with IL-3 at
0.5 ng/ml (from 20% to 13%; nonsignificant). IL-3
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Fig. 3 Effect of IL-3 at 0.5 and 5 ng/ml on the toxicity of DNR,
MIT, and ara-C to normal hematopoietic progenitor cells. The
cytotoxic effect is compared with that observed in controls
stimulated with IL-3. The horizontal line indicates the amount of
colonies grown after incubation with only cytostatic drugs. Higher
bars show a decreased effect and lower bars, an increased effect of
cytostatic drugs applied in combination with IL-3
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Fig. 2 Effect of GM-CSF at 1 and 10 ng/ml on the toxicity of
DNR, MIT, and ara-C to normal hematopoietic progenitor cells.
The cytotoxic effect is compared with that observed in controls
stimulated with GM-CSF. The horizontal line indicates the amount
of colonies grown after incubation with only cytostatic drugs.
Higher bars show a decreased effect and lower bars an increased
effect of cytostatic drugs applied in combination with GM-CSF

applied at 5 ng/ml in combination with daunorubicin or
mitoxantrone did not alter the toxicity of these drugs.
The toxicity of ara-C was not altered by IL-3 at either
0.5 or 5.0 ng/ml.

Discussion

The aim of the present investigation was to compare
in vitro how growth factors would affect the toxicity of
cytostatic drugs to normal hematopoietic progenitor
cells. Due to limitations of material we had to restrict
our experimentation to one concentration of each drug.
The incubation concentration and time for each drug
were chosen to mimic the intracellular concentrations
obtained with pharmacokinetic analyses after in vivo
infusion of these drugs. We have previously shown that
the intracellular concentration achieved after a rapid
infusion of daunorubicin at 60 mg/m> corresponds to
that reached following incubation with a 0.2-uM con-
centration for 1 h, and for mitoxantrone the concen-
tration reached after incubation at 0.05 uM for 1h
mimics that resulting from a rapid infusion at 12 mg/m?
[23, 25]. The reason why we did not wash the cells after
incubation was that we had previously found that this
was the way to mimic the in vivo exposure to and efflux
of the drug. In addition, anthraquinones are often given
for 2-3 consecutive days. The continuous incubation of
ara-C could be regarded as a long-term incubation and
could not be transformed to a continuous incubation in
vivo. Ara-C is relatively stable and its toxicity increases
with time [20].

Incubations with growth factors were carried out at
two concentrations, one concentration normally used
for in vitro tests [3, 6, 14, 15] and a lower one that was
closer to the serum levels obtained in vivo [11, 18]. For



GM-CSF the peak plasma concentration approaches
3.7 ng/ml after administration of a 3 pg/kg dose, and for
G-CSF it reaches 10 ng/ml after a dose of 5 pg/kg.
Endogenous serum levels of G-CSF, GM-CSF, and IL-3
are generally lower than 0.05 ng/ml [11, 18].

Conditioned medium or growth factors are prereq-
uisites for the growth of control cells. In the present
study, all cell cultures, including the controls, underwent
a basic stimulation with conditioned medium (CM)
produced by a cell line, 5637, which contains a mixture
of growth factors [29]. We used the CM as a natural
basic stimulator in all the cultures so as to mimic the
physiological conditions in a patient. For practical rea-
sons the colonies were counted on either day 10, day 11,
or day 12. The number of colonies counted on day 10
was the same as that found on day 12, although the
colonies could vary slightly in size.

GM-CSF and IL-3 stimulated the normal bone
marrow cells to a higher proliferation rate than was
observed in the corresponding untreated controls, but
incubation with G-CSF gave no significant increase in
colony growth. Sieff [21] has shown that both GM-CSF
and IL-3 promote the growth of early multilineage cells
and target several types of cells, such as CFU-GM,
CFU-mix, erythroid burst-forming units (BFU-B),
CFU-G, CSF-M, and CFU-Meg, whereas G-CSF has a
predominant effect on CFU-G alone. This may indicate
that to a great extent the CM stimulates the same target
cells as does G-CSF.

There were pronounced interindividual variations in
the sensitivity of the progenitor cells to cytostatic drugs
combined with growth factors. This work showed an
increase in the toxicity of daunorubicin and, to a smaller
extent, of mitoxantrone when incubated with growth
factors, whereas the growth factors instead reduced the
effect of ara-C. In a previous work we studied how
growth factors influenced the effect of cytostatic drugs
on leukemic cells [24]. Similarly to the present results,
G-CSF increased the toxicity of daunorubicin and mi-
toxantrone, whereas GM-CSF and IL-3 did not signifi-
cantly alter the effect of these drugs. In contrast to the
results obtained with normal progenitor cells, all growth
factors increased the toxic effect of ara-C on leukemic
cells.

Several studies have shown that tumor cells become
more sensitive to ara-C [1, 14] and daunorubicin [19]
after treatment with growth factors. Few reports have
been published on alterations in the toxicity of cytostatic
drugs to normal hematopoietic progenitor cells recruited
into the S phase with GM-CSF, G-CSF, and IL-3 [3, 28].
Waga et al. [28] found an increase in the sensitivity of
normal CFU-GM to ara-C but not to daunorubicin
after stimulation with growth factors. In our study,
normal hematopoietic progenitor cells were more sensi-
tive to daunorubicin after stimulation with G-CSF and
IL-3. This finding is in accordance with those reported
by Towatari et al. [27], who have claimed that G-CSF
increases topoisomerase 11 levels and, thereby, the tox-
icity of topoisomerase II-dependent drugs such as dau-
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norubicin. In contrast, GM-CSF and IL-3 protected
normal stem cells from mitoxantrone and ara-C toxicity.
Bhalla et al. [3, 4] have described that due to the stim-
ulation of normal bone marrow cells with GM-CSF and
IL-3 the dCTP pool is expanded. This should inhibit the
enzymes crucial for ara-C activation in normal cells but
not in leukemic cells. This finding is in accordance with
our present results as well as those we previously ob-
tained in leukemic cells [24].

Thus far, no conclusive evidence has been presented
for a better remission rate or lower degree of toxicity to
normal bone marrow in patients treated with cytokines
in combination with chemotherapy [2, 8-10, 22]. Estey
et al. [9] have shown a lower remission rate in patients
with acute leukemia after treatment with GM-CSF
added to daunorubicin and ara-C as compared with the
latter drugs alone. Heil et al. [10] found no increased
protection of normal bone marrow after the addition of
GM-CSF to a combination of daunorubicin ara-C, and
etoposide and detected no improvement in the treatment
outcome relative to the results obtained using cytostatic
drugs alone. In a study in which elderly patients were
treated with G-CSF after chemotherapy, Dombret et al.
[8] found a higher rate of complete remissions, although
there was no decrease in the duration of neutropenia.
This finding may be in accordance with our data on
daunorubicin, indicating that both the normal and the
leukemic hematopoietic stem-cell populations were more
heavily damaged when this drug was combined with
G-CSF [24]. A higher remission rate after the adminis-
tration of G-CSF in combination with daunorubicin
might indicate that the increased effect of G-CSF and
daunorubicin on the tumor cells is more important than
the increased toxicity of this combination to normal
progenitor cells.

We conclude that on the whole, growth factors exert
small effects on the cytocidal effects of myelotoxic drugs
on normal bone marrow cells. However, our results in-
dicate an increase in the toxicity of anthracyclines, es-
pecially daunorubicin, to normal progenitor cells when
these drugs are combined with G-CSF or IL-3 at clinical
concentrations.

Acknowledgements This study was supported by grants from the
Swedish Cancer Society, the Karolinska Institute, and from the
Orebro Council Research Committee. We would like to thank
Ulrika Broberg for excellent technical assistance.

References

1. Bailey-Wood R, Dallimore CM, Whittaker JA (1984) Effect of
adriamycin on CFU-Gm at plasma concentrations found fol-
lowing therapeutic infusions. Br J Cancer 50: 351-355

2. Bettleheim P, Valent P, Andreeff M, Tarufi A, Haimi J, Go-
rischek C, Muhm M, Sillaber C, Haas O, Vieder L, Maurer D,
Schulz G, Speiser W, Geissler K, Kier P, Hinterberger W,
Lechner K (1991) Recombinant human granulocyte-macro-
phage colony-stimulating factor in combination with standard
induction chemotherapy in de novo acute myeloid leukemia.
Blood 77: 700-711



26

10.

11.

12.

13.

0

. Bhalla K, Birkhofer M, Arlin Z, Grant S, Lutzky J, Graham G
(1988) Effect of recombinant GM-CSF on the metabolism of
cytosine arabinoside in normal and leukemic human bone
marrow cells. Leukemia 2: 810-813

. Bhalla K, Holladay C, Arlin Z, Grant S, Ibrado AM, Jasiok M
(1991) Treatment with interleukin-3 plus granulocyte-macro-
phage colony-stimulating factor improves the selectivity of ara-
C in vitro against acute myeloid leukemia blasts. Blood 78:
2674-2679

. Boyum A (1968) Isolation of leukocytes from human blood.
Further observations. Methylcellulose, dextran and Ficoll as
erythrocyte aggregating agents. Scand J Clin Lab Invest 21: 31—
50

. Butturini A, Santucci AM, Gale RP, Perocco P, Tura S (1990)
GM-CSF incubation prior to treatment with cytarabine or
doxorubicin enhances drug activity against AML cells in vitro:
a model for leukemia chemotherapy. Leuk Res 14: 743-749

. Crespi MD, Ivanier SE, Genovese J, Baldi A (1986) Mitox-
antrone affects topoisomerase activities in human breast cancer
cells. Biochem Biophys Res Commun 136: 521-528

. Dombret H, Chastang C, Faenaux P, Reiffers J, Bordessoule
D, Bouabdallah R, Mandelli F, Ferrant A, Auzanneau G, Tilly
H, Yver A, Degos L (1995) A controlled study of recombinant
human granulocyte colony-stimulating factor in elderly pa-
tients after treatment for acute myelogenous leukemia. N Engl
J Med 332: 1678-1683

. Estey E, Thall PF, Kantarjian H, O’Brian S, Koller CA, Beran

M, Gutterman J, Deissenroth A, Keating M (1992) Treatment

of newly diagnosed acute myelogenous leukemia with granu-

locyte-macrophage colony-stimulating factor (GM-CSF) be-

fore and during continuous-infusion high-dose Ara-C +

daunorubicin: comparison with patients treated without GM-

CSF. Blood 79: 22462255

Heil G, Chadid L, Hoelzer D, Seipelt G, Mitrou P, Hubert C,

Kolbe K, Mertelsmann R, Lindemann A, Frisch J, Nicolay U,

Gaus W, Heimpel H (1995) GM-CSF in a double-blind ran-

domized, placebo controlled trial in therapy of adult patients

with de novo acute leukemia (AML). Leukemia 9: 3-9

Kawano Y, Takaue Y, Saito S, Sato J, Shimizu T, Suzue T,

Hirao A, Okamoto Y, Abe T, Watanabe T, Kuroda Y, Kimura

F, Motoyoshi K, Asano S (1993) Granulocyte colony-stimu-

lating factor (CSF), macrophage-CSF, granulocyte-macro-

phage CSF, interleukin-3, and interleukin-6 levels in sera from

children undergoing blood stem cell autograft. Blood 81: 856—

860

Liliemark J, Plunkett W (1986) Regulation of 1-b-p-arab-

inofuranosylcytosine 5’-triphosphate accumulation in human

leukemia cells by deoxycytidine 5'-triphosphate. Cancer Res 46:

1079-1083

Liliemark J, Gahrton G, Paul C, Peterson C (1987) Ara-C in

plasma and Ara-CTP in leukemic cells after subcutaneous in-

jection and continuous intravenous infusion of Ara-C in pa-

tients with acute nonlymphoblastic leukemia. Semin Oncol 14

[Suppl 1]: 167-171

. Lista P, Brizzi MF, Rossi M, Resegotti L, Clark C, Pegoraro L
(1991) Different sensitivity of normal and leukaemic progenitor

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

cells to Ara-C and IL-3 combined treatment. Br J Haematol 76:
21-26

Miyauchi J, Kelleher C, Wang C, Minkin S, McCulloch E
(1989) Growth factors influence the sensitivity of leukemic stem
cells to cytosinarabinoside in culture. Blood 73: 1272-1278
Pike BL, Robinson WA (1970) Human bone marrow colony
growth in agar gel. J Cell Physiol 76: 77-84

. Raza A, Khan SP, Medhi I, Imren S, Yasin Z, Preisler HD

(1989) Cell cycle characteristics in myeloid leukemia. Bone
Marrow Transplant 4: 26-29

Sallerfors B, Olofsson T, Lenhoff S (1991) Granulocyte-mac-
rophage colony-stimulating factor (GM-CSF) and granulocyte
colony-stimulating factor (G-CSF) in serum in bone marrow
transplanted patients. Bone Marrow Transplant 8: 191-195
Santini V, Nooter K, Delwel R, Lowenberg B (1990) Suscep-
tibility of acute myeloid leukemia (AML) cells from clinically
resistant and sensitive patients to daunomycin (DNR): assess-
ment in vitro after stimulation with colony stimulating factors
(CSFs). Leuk Res 14: 377-380

Seargeant LE, Kobrinsky NL, Sus CJ, Nazeravich DR (1987)
In vitro stability and compatibility of daunorubicin, cytarabine
and etoposide. Cancer Treat Rep 71: 1189-1192

Sieff CA (1987) Hematopoietic growth factors. J Clin Invest 79:
1549-1557

Stone RM, Berg DT, George SL, Dodge RK, Paciucci PA,
Schulman P, Lee EJ, Moore JO, Powell BL, Schiffer CA (1995)
Granulocyte-macrophage colony-stimulating factor after initial
chemotherapy for elderly patients with primary acute mye-
logenous leukemia. N Engl J Med 332: 1671-1677
Sundman-Engberg B, Tidefelt U, Liliemark J, Paul C (1990)
Intracellular concentrations of anticancer drugs in leukemic
cells in vitro vs in vivo. Cancer Chemother Pharmacol 25: 252—
256

Sundman-Engberg B, Tidefelt U, Paul C (1990) Effect of cy-
tokines on the toxicity of cytostatic drugs on leukemic cells
in vitro and in vivo. Eur J Haematol 56: 1-6
Sundman-Engberg B, Tidefelt U, Gruber A, Paul C (1993)
Intracellular concentrations of mitoxantrone in leukemic cells
in vitro vs in vivo. Leuk Res 17: 347-352

Tewey KM, Rowe TC, Yang L, Halligan BD, Liu LF (1984)
Adriamycin-induced DNA damage by mammalian DNA
topoisomerase II. Science 226: 466468

Towatari M, Ito Y, Morishita Y, Tanimoto M, Kawashima K,
Morishima Y, Andoh T, Saito H (1990) Enhanced expression
of DNA topoisomerase II by recombinant human granulocyte
colony-stimulating factor in human leukemia cells. Cancer Res
50: 7198-7202

Waga K, Furusawa S, Nagashima S, Saito K, Shishido H
(1992) Comparative effects of G-CSF, GM-CSF and IL-3 on
cytosine arabinoside- and daunorubicin-mediated cytotoxicity
of acute myeloid leukemia cells and normal myeloid progeni-
tors. Int J Hematol 56: 17-27

Welte K, Platzer E, Lu L, Gabrilove JL, Levi E, Moore MAS
(1985) Purification and biochemical characterization of human
pluripotent hemotopoietic colony-stimulating factor. Proc Natl
Acad Sci USA 82: 15261530



