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Interleukin-10 Inhibits Spontaneous Colony-Forming Unit – GranulocyteMacrophage Growth From Human Peripheral Blood Mononuclear Cells by
Suppression of Endogenous Granulocyte-Macrophage Colony-Stimulating
Factor Release
By Leopold Oehler, Manuela Foedinger, Markus Koeller, Marietta Kollars, Elisabeth Reiter, Barbara Bohle,
Sonja Skoupy, Gerhard Fritsch, Klaus Lechner, and Klaus Geissler
Spontaneous growth of myeloid colonies (colony-forming
unit–granulocyte-macrophage [CFU-GM]) can be observed
in methylcellulose cultures containing peripheral blood
mononuclear cells (PB-MNCs) and is supposedly caused by
the release of colony-stimulating factors (CSF) by accessory
cells. Because of its cytokine synthesis-inhibiting effects on
T lymphocytes and monocytes, interleukin-10 (IL-10) may be
a potential candidate for indirect modulation of hematopoiesis. We studied the effect of recombinant human IL-10 (rhIL10) on spontaneous growth of myeloid colonies derived from
human PB-MNCs. A total of 10 ng/mL of IL-10 almost completely inhibited spontaneous CFU-GM proliferation (by
95.1%; P Ú .001, n ! 7) in unseparated PB-MNCs. This effect
was dose-dependent and specific, because a neutralizing
anti–IL-10 antibody was able to prevent IL-10–induced suppression of CFU-GM growth. Spontaneous CFU-GM growth,
which required the presence of both monocytes (CD14"
cells) and T lymphocytes (CD3" cells), was also greatly suppressed by a neutralizing anti–granulocyte-macrophage CSF
(GM-CSF) antibody but was only slightly or not at all inhib-

E

NDOGENOUS RELEASE of hematopoietic growth
factors by accessory cells is supposed to play a crucial
role in the proliferation, differentiation, and survival of hematopoietic cells, both in vitro and in vivo.1-3 In vitro, hematopoietic progenitor cells from peripheral blood (PB) or bone
marrow (BM) can be stimulated by the addition of exogenous growth factors to form colonies of mature blood cells.4
When using unseparated PB mononuclear cells (PB-MNCs),
substantial growth of myeloid colonies (colony-forming
unit–granulocyte-macrophage [CFU-GM]) can still be observed in methylcellulose cultures in the absence of exogenous hematopoietins. This spontaneous growth is apparently
linked to the presence of accessory cells, that mainly consist
of monocytes/macrophages and T lymphocytes.5,6 In contrast, highly enriched hematopoietic progenitors from adult
human donors fail to undergo spontaneous clonogenic maturation,7 probably because of the lack of accessory cells.
Because endogenous release of growth factors may play
a role not only in the regulation of normal hematopoiesis,
but also in the pathogenesis of some myeloid malignancies
such as chronic myelomonocytic leukemia8 and juvenile
chronic myeloid leukemia9 and in some cases of acute myeloblastic leukemia,10 it is of interest to look for molecules
that modulate hematopoiesis through the release of growth
factors. Because of its known ability to suppress gene expression and production of numerous cytokines including granulocyte colony-stimulating factor (G-CSF), granulocytemacrophage CSF (GM-CSF), and interleukin-3 (IL-3) in
monocytes and T lymphocytes,11,12 IL-10 may be a potential
candidate for indirectly affecting hematopoiesis. To test this
hypothesis, we studied the effect of IL-10 on spontaneous
hematopoietic colony formation in normal human PB-MNCs
using a clonal stem cell assay.

ited by antibodies against G-CSF or IL-3. Moreover, IL-10–
suppressed colony growth could be completely restored by
the addition of exogenous GM-CSF. Using semiquantitative
polymerase chain reaction, we were able to show that GMCSF transcripts that spontaneously increased in PB-MNCs
within 48 hours of culture were markedly reduced by the
addition of IL-10. Inhibiton of GM-CSF production in PBMNCs by IL-10 was also confirmed at the protein level by
measuring GM-CSF levels in suspension cultures. Our findings suggest that autonomous CFU-GM growth, resulting
from an interaction of monocytes and T lymphocytes, is
mainly caused by endogenous GM-CSF release and can be
profoundly suppressed by the addition of exogenous IL-10.
Considering the strong inhibitory action of IL-10 on GM-CSF
production and spontaneous cell growth in vitro, this cytokine may be useful in myeloid malignancies in which autocrine and/or paracrine mechanisms involving GM-CSF are
likely to play a pathogenetic role.
q 1997 by The American Society of Hematology.

MATERIALS AND METHODS

Reagents. Recombinant human IL-10 (rhIL-10; specific activity,
1 to 2 1 106 U/mg) and recombinant human stem cell factor (rhSCF)
were purchased from Genzyme (Cambridge, MA). A neutralizing IL10 antibody was obtained from R&D Systems Europe Ltd (Abington,
UK); antibodies directed against G-CSF, GM-CSF, and IL-3 were
obtained from Genzyme; rhGM-CSF and rhIL-3 were kindly provided by Sandoz (Basel, Switzerland); and rhG-CSF was purchased
from British Biotechnology (Oxan, UK).
Preparation of cells. PB-MNCs were isolated from PB of normal human donors by Ficoll-Hypaque density gradient centrifugation
(density, 1.077 g/mL; 400g for 40 minutes). The low-density cells
were collected from the interface between density solution and
plasma, washed twice, and resuspended in Iscove’s modified Dulbecco’s medium (IMDM; GIBCO, Paisley, Scotland).
Depletion of monocytes or T lymphocytes was performed by magnetic-activated cell sorting (MACS; Miltenyi Biotec, Bergisch Gladbach, Germany) using superparamagnetic MACS microbeads conjugated to monoclonal antibodies against the CD14 and CD3 antigens,
respectively, as described previously.13 The efficacy of the depletion
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procedure was determined by flow cytometry, and the samples contained less than 2% (range, 0.3% to 2.0%) CD14/ and CD3/ cells,
respectively.
CD34/ RA0 cells. Flow cytometric cell sorting was performed
on a FACStar Plus (Becton Dickinson [BD], Mountain View, CA)
using an argon ion laser (Coherent, Palo Alto, CA) adjusted to a
wavelength of 488 nm. The samples originated from PB of patients
recovering from the chemotherapeutical treatment of solid tumors
or from BM of human healthy donors who had given informed
consent. Data acquisition was performed with the FACStar Plus
software (BD). Forward light scattering, orthogonal light scattering,
and fluorescence signals (FL1 and FL2) were acquired and stored
in listmode data files; each measurement contained 10,000 to 20,000
cells. The data were analyzed using the PAINT-A-Gate or FACStar
Plus software (BD). The sort windows for the CD34/ cell population
that were either RA0 or RA// were set arbitrarily in the RA/ region.
Between 60 and 120 of 1,024 channels were allowed to separate the
two populations. The purity of each sort usually ranged between
96% and 100%.14
Colony assay. Unseparated PB-MNCs (2 1 105), CD3-depleted
PB-MNCs (2 1 105), and CD14-depleted PB-MNCs (2 1 105) were
cultured in triplicates in either the presence or absence of IL-10
(0.01 to 10 ng/mL). These cultures contained 0.9% methylcellulose,
30% fetal calf serum (FCS; INLIFE, Wiener Neudorf, Austria) and
IMDM without exogenous growth factors. To some cultures, either
GM-CSF (100 U/mL) or G-CSF (100 U/mL) was added. CD34/
RA0 cells (0.5 1 103) were cultivated in both the presence and
absence of SCF (20 ng/mL), IL-3 (10 U/mL), and either G-CSF or
GM-CSF with and without IL-10 (10 ng/mL). In some experiments,
a neutralizing antibody against IL-10 was preincubated with IL-10
for 2 hours at room temperature. Neutralizing antibodies against GCSF, GM-CSF, or IL-3 were used as recommended by the manufacturer. Plates were incubated at 377C in 5% CO2 and full humidity.
After a culture period of 14 days, cultures were examined under an
inverted microscope. Aggregates with at least 50 translucent, compact, or dispersed cells were counted as CFU-GM.
Semiquantitative reverse transcriptase-polymerase chain reaction
(RT-PCR) analysis of GM-CSF transcripts. PB-MNCs (1 1 106)
were cultured in suspension both with and without IL-10 (10 ng/
mL) for 48 hours. After incubation, cells were washed twice in
diethylpyrocarbonate-treated water, and 107 cell aliquots were lysed
by the addition of 1.6 mL RNAzol B (Biotecx, Houston, TX). Total
RNA was extracted as described.15 The integrity of RNA was controlled by electrophoresis through formaldehyde agarose gels. Highquality RNA was quantitated by measuring absorbance at 260 nm,
and 1 g of total RNA was subjected to cDNA synthesis as recently
described.16
For semiquantitative analysis of GM-CSF mRNA, an RT-PCR
technique that allows measurements of relative transcript levels was
applied.17,18 The oligonucleotide primer sequences for amplification
of GM-CSF were 5*-CTGCTGCTGAGATGAATGAAACAG-3*
and 5*-TGGACTGGCTCCCAGCAGTCAAAG-3*, which bracketed
a GM-CSF fragment of 286 bp.19 PCR amplification of ABL transcripts was used as a reference to assess variation of total RNA or
cDNA between samples. The primer sequences for amplification of
ABL were as follows: 5*-CAGCGGCCAGTAGCATCTGACTTTG3* and 5*-CCATTTTTGGTTTGGGCATCACACCATTCC-3* resulting in the production of a PCR fragment of 228 bp.16 The linear
ranges of PCR amplifications of GM-CSF and ABL were established
as a function of the cycle number and the cDNA concentration as
described.17,18 Reaction conditions included 3 mL cDNA, 20 pmol
of each primer, 1.5 mmol/L MgCL2 , 200 mmol/L of each deoxynucleotide triphosphate, 2.5 U Ampli Taq DNA Polymerase (Perkin
Elmer-Cetus, Norwalk, CT), and [32P]-deoxycytidine triphosphate
(dCTP; 150,000 cpm) in a 50-mL reaction volume. The thermal
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Fig 1. Dose-dependent inhibitory effect of IL-10 on spontaneous
CFU-GM growth from PB-MNCs. PB-MNCs (4 Ì 105) were cultured in
methylcellulose containing 30% FCS and IMDM and with increasing
concentrations of IL-10 (0.01 to 10 ng/mL). Colony growth was assessed after 14 days. The mean colony number of triplicates is given
from one representative experiment.

cycling conditions were denaturation at 947C (1 minute), annealing
at 607C (1 minute), and extension at 727C (2 minutes), preceded by
an initial denaturation step at 947C for 5 minutes and followed by
a terminal extension of 10 minutes at 727C. The number of PCR
cycles for amplification of GM-CSF and ABL transcripts was 32
and 25 cycles, respectively. Reaction products were subjected to 6%
polyacrylamide gels (Novex, San Diego, CA), and dried gels were
exposed to Kodak XAR-5 films (Eastman-Kodak, Rochester, NY)
at 0707C for 12 hours.
For quantification of PCR products, incorporated [32P]-dCTP was
measured on autoradiograms using the BioRad 670 Imaging Densitometer (BioRad, Richmond, CA) and the system’s volume integration program (BioRad Gel DOC 1000 system; Molecular Analyst/
PC software). Potential differences of total cellular RNA/cDNA in
PCR analyses were corrected by dividing GM-CSF values by the
mean of the ABL value obtained for that cDNA from three PCR
analyses. The relative level of GM-CSF transcripts was measured
in samples of three healthy individuals in three PCR analyses in
duplicate using freshly synthesized cDNA.
GM-CSF assay. PB-MNCs from four independent samples were
cultured at a concentration of 1 1 106 /mL in IMDM supplemented
with 30% FCS with and without IL-10, and supernatants were collected at days 3 and 5. GM-CSF contents in supernatants were
measured by an immunoenzymetric assay (EASIA; Medgenix Diagnostics, Fleurus, Belgium) as recommended by the manufacturer.
Statistical analysis. The paired t-test was used to determine the
significance of differences. A P value of less than .05 was considered
statistically significant.
RESULTS

Inhibitory effect of IL-10 on spontaneous CFU-GM
growth. IL-10 inhibited spontaneous growth of CFU-GM
from unseparated PB-MNCs in a dose-dependent manner
from 0.01 to 10 ng/mL. The maximal inhibition was observed at 10 ng/mL (Fig 1). Therefore, this concentration
was chosen for further experiments. In 7 experiments, 10
ng/mL IL-10 reduced the mean number of myeloid colonies
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Table 1. IL-10 Inhibits Spontaneous CFU-GM Growth From Normal
Human PB-MNCs

Table 2. Abrogation of Spontaneous CFU-GM Growth by Depletion
of Monocytes or T Lymphocytes

No. of Colonies

Exp. No.

Spontaneous Growth

/IL-10

% Inhibition

1
2
3
4
5
6
7
Mean { SEM

7.3
9.0
11.3
9.6
7.0
10.6
17.0
10.3 { 1.27

0.0
1.0
0.3
0.0
0.6
0.3
1.0
0.5 { 0.16

100
88.8
97
100
90.6
96.9
94.1
95.1*

PB-MNCs (2 1 105/mL) were cultured in methylcellulose containing
30% FCS and IMDM without addition of CSF in the presence and
absence of IL-10 (10 ng/mL). Colony growth was assessed after 14
days. The mean colony numbers of triplicates are given from seven
experiments.
* P õ .001.

from 10.3 to 0.5/2 1 105 PB-MNCs (Table 1). On average,
exogenous IL-10 decreased spontaneous CFU-GM proliferation by 95.1% (P õ .001, paired t-test). Inhibition of autonomous CFU-GM growth by IL-10 was not observed in the
presence of a neutralizing antibody against IL-10, excluding
an unspecific suppression by this cytokine (Fig 2). On the
other hand, the anti–IL-10 antibody had no effect on spontaneous colony formation, thereby excluding a potential inhibitory effect of endogenously released IL-10 in this system
(Fig 2).
The role of accessory cells in autonomous CFU-GM
growth. To elucidate the role of accessory cells in autonomous CFU-GM growth, we cultured in methylcellulose PBMNCs that were depleted either of monocytes by CD14
antibodies or of T lymphocytes by CD3 antibodies using

Fig 2. Effect of a neutralizing anti–IL-10 antibody on spontaneous
CFU-GM growth and on IL-10–induced inhibition of CFU-GM growth
from unseparated PB-MNCs. PB-MNCs (2 Ì 105) were cultured in
methylcellulose containing 30% FCS and IMDM. Colony growth was
assessed after 14 days. The mean colony numbers are given from
three independent experiments.
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MNCs
CD140
CD30

Spontaneous Growth

/GM-CSF

13.3 { 1.1
0.0 { 0.0
0.9 { 0.3

20.7 { 1.7
23.3 { 2.1
48.2 { 2.4

Unseparated PB-MNCs (2 1 105), CD14-depleted PB-MNCs (2 1 105),
and CD3-depleted PB-MNCs (2 1 105) were cultured in triplicate in
methylcellulose containing 30% FCS and IMDM. In each cell preparation, the presence of progenitor cells capable of colony formation was
shown by the addition of GM-CSF (100 U/mL). Colony growth was
assessed after 14 days. The mean colony numbers { SEM of three
independent experiments are given.

MACS. Table 2 shows that depletion of monocytes as well as
of T lymphocytes almost completely prevented autonomous
CFU-GM growth. However, this was not due to a loss of
progenitor cells by the depletion procedure, because significant CFU-GM growth was observed in the presence of exogenous GM-CSF. Not unexpectedly, spontaneous CFU-GM
growth was also not observed in cultures containing highly
enriched CD34/ cells, thus reconfirming the necessity of
accessory cells for autonomous CFU-GM growth (mean
CFU-GM growth from 6 experiments cultivating 0.5 1 103
CD34/ cells/mL without exogenous CSF, 0 { 0). When
these cultures were stimulated with the combination of SCF,
IL-3, and either G-CSF or GM-CSF, CFU-GM growth was
observed with a cloning efficiency of up to 15% (data not
shown).
The role of endogenously released CSFs in spontaneous
CFU-GM growth. To identify the factor responsible for
autonomous proliferation of myeloid colonies, we cultured
PB-MNCs in the presence of neutralizing antibodies against
G-CSF, GM-CSF, and IL-3. Among the antibodies tested,
the anti–GM-CSF antibody had by far the greatest effect,
resulting in a 91.1% inhibition of spontaneous CFU-GM
growth. In contrast, the anti–G-CSF antibody inhibited autonomous proliferation by only 23.3% (not significant),
whereas anti–IL-3 had no effect at all. A combination of
anti–GM-CSF and anti–G-CSF antibodies was slightly but
not significantly more suppressive than anti–GM-CSF alone
(Table 3). These data suggest that GM-CSF is the main but
possibly not the only factor responsible for spontaneous
CFU-GM growth from PB-MNCs.
Restoration of IL-10–induced inhibition of spontaneous
CFU-GM growth by exogenous GM-CSF. The antiproliferative action of anti–GM-CSF antibody in PB-MNCs and the
fact that IL-10 has been shown to inhibit cytokine synthesis
including that of GM-CSF in monocytes and T lymphocytes11,12 led us to hypothesize that inhibition of autonomous
CFU-GM growth by IL-10 is secondary to IL-10–induced
suppression of endogenous GM-CSF release. If this is the
case, one would expect the addition of GM-CSF to largely
reverse growth inhibition by IL-10. In contrast, restoration
of colony growth by exogenous growth factors would not
be observed if IL-10 has a direct cytotoxic effect on progenitor cells. In fact, exogenous GM-CSF was able to completely
overcome IL-10–induced suppression, whereas exogenous
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Table 3. Effect of Neutralizing Antibodies Against GM-CSF, G-CSF, and IL-3 on Spontaneous CFU-GM Growth
From Normal Human PB-MNCs
Neutralizing Antibodies Against

Exp. No.

Control

GM-CSF

G-CSF

IL-3

GM-CSF
G-CSF

GM-CSF
IL-3

G-CSF
IL-3

G-/GM-CSF, IL-3

1
2
3
4
Mean { SEM
% Inhibition

13.3
20.6
20
18
18 { 1.7

0.3
2.3
2
1.66
1.6 { 1.6
91.1*

8.6
13
16.6
17
13.8 { 2
23.3†

12.6
21.6
20
17.6
18 { 2
0†

0
0
0.3
0
0.1 { 0.1
99.4*

0.3
2.3
3
2
1.9 { 0.6
89.4*

8.6
14.6
17
17.6
14.5 { 2.1
19.4†

0
0
0
0
0
100*

PB-MNCs (2 1 105/mL) were cultured in methylcellulose containing 30% FCS and IMDM together with neutralizing antibodies against GMCSF, G-CSF, IL-3, or combinations of these without exogenous CSF. Colony growth was assessed after 14 days. The mean colony numbers of
triplicates are given from four experiments.
* P õ .01.
† P ú .05.

G-CSF, as a control, was ineffective in overcoming this
suppression (Fig 3).
Inhibitory effect of IL-10 on GM-CSF m-RNA expression
in PB-MNCs. Analyses of the effect of IL-10 on GM-CSF
expression in unseparated PB-MNCs were performed by the
semiquantitative PCR technique.17,18 To prove that the PCR
technique used by us allows at least semiquantitative measurements of GM-CSF transcript levels, we have established
the linear ranges of amplifications of GM-CSF as a function
of the cycle number and the cDNA concentration for each
donor (Fig 4a). GM-CSF transcripts were already detectable
in freshly isolated PB-MNCs and further increased in these
cells after 48 hours of suspension in medium alone (Fig 4b,
panel A). In comparison, ABL-transcripts, which served as
a control, remained unchanged during time of culture (Fig
4b, panel B). In the presence of IL-10 (10 ng/mL), GM-CSF
transcript levels after 48 hours were significantly lower than

the transcript levels of PB-MNCs kept in suspension without
IL-10 (P Å .035). Fig 4b, panel C shows corrected GMCSF mRNA levels in PB-MNCs at 48 hours. Comparison
of corrected GM-CSF transcript levels between PB-MNCs
cultured with and without IL-10 showed a mean decrease of
66.6% (range, 53.0% to 92.0%) in three independent experiments.
Inhibitory effect of IL-10 on GM-CSF production by PBMNCs. To confirm the inhibitory effect of IL-10 on GMCSF production in PB-MNCs at the protein level, supernatants from unseparated PB-MNC suspension cultures
obtained at days 3 and 5 were analyzed for GM-CSF by an
immunoenzymetric assay (EASIA). As shown in Fig 5, PBMNCs released increasing amounts of GM-CSF when cultured in medium alone. In contrast, in the presence of IL10, only very low GM-CSF levels were detected at day 3,
and those were clearly lower than control levels at day 5.

Fig 3. Effect of GM-CSF and G-CSF on IL-10–induced inhibition of
spontaneous CFU-GM growth. Unseparated PB-MNCs (2 1 105) were
cultured in methylcellulose containing 30% FCS and IMDM. Either
GM-CSF (100 U/mL) or G-CSF (100 U/mL) was added to cultures
containing IL-10 (10 ng/mL). Colony growth was assessed after 14
days. The mean colony numbers (ÔSEM) are given from six independent experiments.

Multiple roles in regulating immune response have been
proposed for IL-10, including inhibition of the monocyte/
macrophage and T-cell effector functions, that render this
molecule a potent immunosuppressive cytokine.20-22 Because
of its ability to inhibit the production of proinflammatory
cytokines, IL-10 is now being evaluated in various clinical
settings such as chronic arthritis, sepsis, and chronic inflammatory bowel disease.23,24 This potential clinical application of IL-10 makes the understanding of its possible role
in the regulation of hematopoiesis of certain interest. The
data presented in this study show that IL-10 markedly inhibits the growth of myeloid colonies that form from PB-MNCs
in the absence of exogenous growth factors.
Spontaneous growth of myeloid colonies can be consistently detected when PB-MNCs are plated in the methylcellulose assay. In this system, accessory cells, mainly consisting of monocytes and T cells, seem to support growth
of hematopoietic progenitors through production of various
stimulatory cytokines and cell-to-cell interactions.25,26 PBMNCs obtained by Ficoll-Hypaque centrifugation, as used
in this study, almost exclusively contain lymphocytes, monocytes, and progenitor cells.27 We observed that depletion of

DISCUSSION
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Fig 4. (a) Linear PCR amplification of GM-CSF transcripts. PCR amplification products were electrophoresed through 6% polyacrylamide
gels. Incorporated [32P]-dCTP was measured in counts per square millimeter on autoradiograms using the BioRad Gel Doc 1000 system. The
linear relationship between GM-CSF gene transcripts and the PCR cycle
number (upper panel) and between GM-CSF transcripts and various
concentrations of cDNA (lower panel), which represented a calculated
amount of total RNA, are shown from one donor. (b) Semiquantitative
RT-PCR analysis of GM-CSF transcript levels. (A) Autoradiograms
showing incorporated radioactivity of amplification products obtained
from unseparated PB-MNCs of three normal donors (AH, HV, and KG)
cultured in suspension with or without IL-10 for 48 hours. (B) Autoradiograms showing ABL transcripts that served as a reference to correct
for potential variations of RNA or cDNA samples. (C) Corrected mean
GM-CSF transcript levels in cultured PB-MNCs. Each donor sample was
analyzed in three radioactive PCR analyses in duplicate using freshly
synthesized cDNA. The quantity of [32P] incorporated into the PCR
product was determined by densitometric scanning of autoradiograms. Results were corrected by dividing GM-CSF values by the mean
values obtained from six ABL transcripts of that cDNA.
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Fig 5. Mean GM-CSF levels (ÔSEM) from three independent experiments in supernatants of unseparated PB-MNCs cultured in medium alone or with 10 ng/mL IL-10.

monocytes or T lymphocytes from PB-MNCs almost completely abrogated spontaneous CFU-GM formation, indicating that the presence of both cell types seems to be essential
for this in vitro phenomenon. Therefore, as with a number
of immunoregulatory processes,28 production of colony-stimulating activity by MNCs seems to require the interaction
of T lymphocytes and monocytes.
The production of blood cells is the result of the balance
between positive and negative growth signals, both in vitro
and in vivo.29,30 The fact that we have not observed any
suppression of CSF-stimulated colony formation by IL-10
in cultures containing highly enriched CD34/ cells (data not
shown) allows us to exclude a direct suppression of progenitor cells. Therefore, the inhibitory effect of IL-10 on spontaneous myeloid colony formation may be theoretically explained by an increased release of negative growth signals
or, alternatively, by a decreased release of positive signals
by accessory cells. There is no evidence that IL-10–induced
suppression of CFU-GM formation is caused by an increased
release of growth inhibitory cytokines. For example, it is
known that IL-10 decreases the production of TNF-a and
INF-g, two cytokines that have been shown to suppress the
in vitro growth of myeloid colonies.31,32 Thus, it is more
likely that IL-10 decreased the release of positive growth
signals. We have shown that IL-10 and an anti–GM-CSF
antibody inhibited autonomous colony formation to a similiar extent and that the IL-10–induced suppression could be
completely restored by the addition of exogenous GM-CSF.
These findings suggest that the inhibitory effect of IL-10 is
mainly caused by a decreased release of GM-CSF by accessory cells. Moreover, we were able to show a profound inhibition of GM-CSF synthesis in PB-MNCs both at the mRNA
and the protein level. This is in agreement with a number
of studies showing the inhibition of cytokine synthesis by
IL-10 in T cells as well as in monocytes.
So far, only a few studies have investigated the effect of
IL-10 on murine and human hematopoiesis in vitro. Rennick
et al33 reported a growth-promoting activity of IL-10 on
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megakaryocytes, mast cells, and multilineage colonies in a
murine system but found no effect on colony formation by
nonadherent BM cells in methylcellulose cultures. These apparently contrary findings may be explained by differing
culture systems and cell sources and by differences between
human and murine hematopoiesis. For example, both human
and murine IL-10 can inhibit T-cell proliferation and cytokine production by a monocyte/macrophage-dependent
mechanism, but, in contrast to murine IL-10, human IL-10
can also directly inhibit T-cell proliferation through inhibition of IL-2 production.34,35 More recently, Schibler et al7
reported a 50% inhibition of autonomous CFU-GM growth
from cord blood and BM-MNCs by IL-10 in the human
system. These findings are in agreement with our results. In
contrast to their observation that both anti–GM-CSF and
anti–IL-3 antibodies inhibited autonomous CFU-GM
growth from BM-MNCs, we found no inhibitory effect of a
neutralizing anti–IL-3 antibody on myeloid colony formation from PB-MNCs.
In conclusion, our findings indicate that IL-10 is a potent
molecule in the suppression of spontaneous myeloid colony
formation from PB-MNCs. Our results further suggest that
endogenous GM-CSF mainly contributes to autonomous
CFU-GM growth in our culture system and that inhibition
of spontaneous CFU-GM proliferation by IL-10 is likely to
be caused by suppression of endogenous GM-CSF release.
This endogenous GM-CSF release from normal PB-MNCs
seems to result from an interaction of accessory cells including monocytes and T lymphocytes. Malignant cells have
also been shown to spontaneously release growth factors in
patients with chronic myelomonocytic leukemia8 and juvenile chronic myeloid leukemia9 and in some cases of patients
with acute myeloblastic leukemia,10 resulting in spontaneous
colony formation. Considering the strong inhibitory action of
IL-10 on spontaneous GM-CSF release and on autonomous
CFU-GM growth from normal PB-MNCs and the fact that
IL-10 has been recently shown to suppress GM-CSF production and in vitro colony formation from chronic myelomonocytic leukemia cells,36 this cytokine may be useful in the
treatment of myeloid malignancies in which autocrine and/
or paracrine mechanisms involving GM-CSF are suspected
of playing a pathogenetic role.
REFERENCES

1. Metcalf D: The molecular control of cell division, differentiation commitment and maturation in haematopoietic cells. Nature
339:27, 1989
2. Chervenick PA, LoBuglio: Human blood monocytes: Stimulators of granulocyte and mononuclear colony formation in vitro. Science 178:164, 1972
3. Broxmeyer HE, Williams DE: The production of myeloid cells
and their regulation during health and disease. Crit Rev Oncol Hematol 8:173, 1988
4. Ferrero D, Tarella C, Badoni R, Caracciolo D, Bellone G,
Pileri A, Gallo E: Granulocyte-macrophage colony-stimulating factor requires interaction with accessory cells or granulocyte-colony
stimulating factor for full stimulation of human myeloid progenitors.
Blood 73:402, 1989
5. Schreier MH, Iscove NN: Haematopoietic growth factors are

01-13-97 09:27:01

blda

WBS: Blood

From www.bloodjournal.org by guest on December 11, 2017. For personal use only.

IL-10 INHIBITS SPONTANEOUS CFU-GM GROWTH

1153

released in cultures of H-2-restricted helper T cells, accessory cells
and specific antigen. Nature 287:228, 1980
6. Bagby GC, Vasiliki, Rigas D, Bennett RM, Vandenbark AA,
Garewal HS: Interaction of lactoferrin, monocytes, and T lymphocyte subsets in the regulation of steady-state granulopoiesis in vitro.
J Clin Invest 68:56, 1981
7. Schibler KR, Li Y, Ohls RK, Nye NC, Durham MC, White
W, Liechty KW, Trong Le, Christensen RD: Possible mechanisms
accounting for the growth factor independence of hematopoietic
progenitors from umbilical cord blood. Blood 84:3679, 1994
8. Geissler K, Hinterberger W, Bettelheim P, Haas O, Lechner K:
Colony growth characteristics in chronic myelomonocytic leukemia.
Leuk Res 12:373, 1988
9. Estrov Z, Grunberger T, Chan HSL, Freedman MH: Juvenile
chronic myelogenous leukemia: Characterization of the disease using
cell cultures. Blood 67:1382, 1986
10. Murohashi I, Tohda S, Suzuki T, Nagata K, Yamashita Y,
Nara N: Autocrine growth mechanisms of the progenitors of blast
cells in acute myeloblastic leukemia. Blood 74:35, 1989
11. Fiorentino DF, Bond MW, Mosmann TR: Two types of
mouse helper T cell. IV. Th2 clones secrete a factor that inhibits
cytokine production by Th1 clones. J Exp Med 170:2081, 1989
12. De Waal Malefyt R, Abrams J, Bennet B, Figdor C, deVries
J: IL-10 inhibits cytokine synthesis by human monocytes: An autoregulatory role of IL-10 produced by monocytes. J Exp Med
174:1209, 1991
13. Miltenyi S, Müller W, Weichel W, Radbruch A: High gradient
magnetic cell separation with MACS. Cytometry 11:231, 1990
14. Fritsch G, Buchinger P, Printz D, Fink FM, Mann G, Peters
C, Wagner T, Adler A, Gadner H: Rapid discrimination of early
CD34/ myeloid progenitors using CD45-RA analysis. Blood
81:2301, 1993
15. Chomczynski P, Sacchi N: Single-step method of RNA isolation by acid guanidium thiocyanate-phenol-chloroform extraction.
Anal Biochem 162:156, 1987
16. Mitterbauer G, Foedinger M, Scherrer R, Knoebel P, Jaeger
U, Laczika K, Schwarzinger I, Gaiger A, Geissler K, Greinix H,
Kahls P, Linkesch W, Lechner K, Mannhalter Ch: PCR-monitoring
of minimal residual leukemia after conventional chemotherapy and
bone marrow transplantation in BCR-ABL positive acute lymphoblastic leukemia. Br J Haematol 89:937, 1995
17. Russel ME, Adamd DH, Wyner LR, Yamashita Y, Halnon
NJ, Karnovsky MJ: Early and persistent induction of monocyte chemoattractant protein in rat cardiac allografts. Proc Natl Acad Sci
USA 90:6086, 1993
18. Khoury SJ, Gallon L, Chen W, Betres K, Russel ME, Hancock
WW, Carpenter CB, Sayegh MH, Weiner HL: Mechanism of acquired thymic tolerance in experimental autoimmune encephalomyelitis: Thymic dentritic-enriched cells induce specific peripheral T
cell unresponsiveness in vivo. J Exp Med 182:357, 1995
19. Miyatake S, Otsuka T, Yokota T, Lee F, Arai K: Structure
of the chromosomal gene for granulocyte-macrophage colony stimulating factor: Comparison of the mouse and human genes. EMBO J
4:2561, 1985
20. Ding L, Shevach EM: IL-10 inhibits mitogen-induced T cell

AID

Blood 0033

/

5H2E$$$641

proliferation by selectively inhibiting macrophage costimulatory
function. J Immunol 148:3133, 1992
21. Gazzinelli RT, Oswald IP, James SL, Sher A: IL-10 inhibits
parasite killing and nitrogen oxide production by INF-g activated
macrophages. J Immunol 148:1792, 1992
22. Oswald I, Gazzinelli RT, Sher A, James SL: IL-10 synergizes
with IL-4 and transforming growth factor-b to inhibit macrophage
cytotoxic activity. J Immunol 148:3578, 1992
23. Howard M, Muchamel T, Andrade S, Menon S: Interleukin10 protects mice from lethal endotoxemia. J Exp Med 177:1205,
1993
24. Kuhn R, Lohler J, Rennick D, Rajewsky K, Muller W: Interleukin-10-deficient mice develop chronic enterocolitis. Cell
75:263, 1993
25. Ruscetti FW, Chervenick PA: Release of colony-stimulating
activity from thymus-derived lymphocytes. J Clin Invest 55:520,
1975
26. Geissler D, Konwalinka G, Peschl C, Grünewald K, Odavic
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