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Effects of granulocyte colony-stimulating factor and
granulocyte-macrophage colony-stimulating factor on respiratory burst
activity of neutrophils in patients with myelodysplastic syndromes

A. OHSAKA*t, S. KITAGAWA*, A. YUO$, K. MOTOYOSHI*, S. FURUSAWAS§, Y. MIURAY,
F. TAKAKU} & M. SAITO* *Division of Haemopoiesis, Institute of Haematology and tDepartment of Medicine,

Jichi Medical School, Tochigi, {Clinical Research Institute, National Medical Centre, Tokyo and
§Third Department of Internal Medicine, Dokkyo University School of Medicine, Tochigi, Japan

( Accepted for publication 9 September 1992)

SUMMARY

The superoxide (O,~)-releasing capacity in response to N-formyl-methionyl-leucyl-phenylalanine
(FMLP) and the priming effects of recombinant human granulocyte colony-stimulating factor (rhG-
CSF) and granulocyte-macrophage colony-stimulating factor (rhGM-CSF) on FMLP-induced O,
release were investigated in neutrophils from 14 patients with myelodysplastic syndromes (MDS).
The O, -releasing capacity in MDS neutrophils varied from patient to patient. As compared with
normal neutrophils, the O, -releasing capacity in MDS neutrophils was increased in 9/14 patients,
normal in three patients and decreased in two patients. There was no close relationship between the
O, -releasing capacity and the peripheral blood neutrophil count or the plasma concentration of
C-reactive protein. The priming of neutrophils by rhG-CSF was not observed in five patients,
whereas thGM-CSF primed neutrophils from all patients. The priming effect of hGM-CSF was
consistently greater than that of rhG-CSF in each patient. The intravenous administration of
rhG-CSF (300 ug/body) to two MDS patients showed an increase in the peripheral blood neutrophil
count and enhancement of neutrophil O, release. These findings demonstrate that the neutrophil
O, -releasing capacity in MDS varies from patient to patient and is not always impaired, and that

rhGM-CSF is able to prime neutrophils which never respond to rhG-CSF.
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INTRODUCTION

The primary myelodysplastic syndromes (MDS) consist of
heterogeneous bone marrow disorders characterized by refrac-
tory cytopenia, ineffective and dysplastic haematopoiesis, and
an increased risk for transformation to overt leukaemia.
Neutropenia and in particular agranulocytosis favour bacterial
infections, and mortality due to infections is exceedingly high
[1]. In MDS patients, not only neutropenia but also defective
neutrophil functions may be responsible for susceptibility to
bacterial infections [2-5].

The clinical trials of haematopoietic growth factors, includ-
ing recombinant human granulocyte colony-stimulating factor
(rhG-CSF) and granulocyte-macrophage colony-stimulating
factor (rhGM-CSF), on MDS patients revealed some improve-
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superoxide release

ment in the peripheral blood neutrophil count [6-10]. Another
important function of rhG-CSF and rhGM-CSF is to activate
mature neutrophil functions, including superoxide (O,)
release, phagocytosis and antibody-dependent cell-mediated
cytotoxicity [11-14]. If rhG-CSF and rhGM-CSF could poten-
tiate neutrophil functions in MDS patients, both factors would
still be clinically useful for the treatment of MDS even if the
production of neutrophils is not sufficiently stimulated. We have
reported previously that the impaired neutrophil functions in
some, but not all, MDS patients are restored by rhG-CSF in
vitro [5], and that rhGM-CSF is a more potent activator of
neutrophils than rhG-CSF when neutrophils from healthy adult
donors [15] or from patients with aplastic anaemia [16] are
employed. We have also reported that rhG-CSF is active in vivo
and neutrophils are activated by administration of rhG-CSF in
patients with malignant lymphoma [17].

In the present study, we investigated the effects of rhG-CSF,
in comparison with thGM-CSF, on O, release in MDS
neutrophils stimulated by N-formyl-methionyl-leucyl-phenyl-
alanine (FMLP). The results show that (i) the O, -releasing
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Table 1. Characteristics of patients and effects of recombinant human granulocyte colony-stimulating factor (rhG-
CSF) and granulocyte-macrophage colony-stimulating factor (thGM-CSF) on O, release in neutrophils
stimulated by N-formyl-methionyl-leucyl-phenylalanine (FMLP)

0, release (nmol/S min per 1 x 10° cells)*
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Patient Neutrophils CRP

no. Diagnosis Age/sex (per ul) (ng/dl) Untreated rhG-CSF rhGM-CSF
1 RA 26/M 36 39500 0-65+0-02t  0-8940-08§ 123 +0-04§
2 RA 37/ M 108 10400 0-1940-01 0-21 +0-05 0-341+0-049
3 RA 68/M 720 6650 0-07+0-01f 0-20+0-01§ 0-38+0-03§
4 RA 76/F 975 320 092+0-10+  1-57+0-21§ 3-40+0-16§
5 RA 71/M 987 2240 0-10+0-02 0-11+0-01 0-35+0-06§
6 RA 30/M 1040 <30 096+0-11Y  1-69+0-19§ 3-2440-15§
7 RA 75/F 1056 310 0-86+0-10+ 1-95+0-07§ 4-69 1+ 0-38§
8 RA 40/M 1643 130 0-84+0-07t  1-59+0-09§ 2-134+0-05§
9 RA 78/M 1704 <30 0-524+0-08t  0-59+0-05 0-8540-10§

10 RAEB 30/M 96 880 0-50+0-02t  0-37+0-06 096 +0-12§

11 RAEB 63/M 1062 15300 0-65+0-01f  0-68+0-03 0-93 +0-08§

12 RAEB 42/M 1530 <30 0-56+0-05t  0-741+0-06**  1-6710-13§

13 RAEB 81/M 2050 960 0-07+0-01f  0-12+0-02**  0-201+0-01§

14 RAEB-T 70/M 342 3000 0-36+0-01 0-72 +£0-06§ 1-2540-08§

Normal subjects (n=17) 0-2440-12 0-66+0-26 1-28 +0-54

* Neutrophils were preincubated with or without rhG-CSF (25 ng/ml) or rhGM-CSF (2 ng/ml) for 10 min at
37°C, and then stimulated with FMLP (10~7 M) for release of O,~. The data are expressed as means +s.d. of

triplicate determinations.

+ Significantly increased as compared with the values obtained from normal neutrophils (P <0-01).
t Significantly decreased as compared with the values obtained from normal neutrophils (P <0-05).
§,9,** Significantly increased as compared with the values obtained from neutrophils preincubated without

rhG-CSF or rhGM-CSF (P <0-01, P<0-05, P<0-02).

RA, refractory anaemia; RAEB, refractory anaemia with excess of blasts; RAEB-T, refractory anaemia with
excess of blasts in transformation; CRP, C-reactive protein.

capacity in MDS neutrophils varies from patient to patient and
is not always impaired; (ii) neutrophils from some MDS patients
are not primed by rhG-CSF; and (iii) rhGM-CSF is able to
prime neutrophils which never respond to rhG-CSF.

MATERIALS AND METHODS

Reagents

Highly purified rhG-CSFs produced by Escherichia coli (an
apparent molecular weight of 18800) and Chinese hamster
ovary (CHO) cells (an apparent molecular weight of 19000)
were provided by Kirin Brewery (Tokyo, Japan) and Chugai
Pharmaceutical (Tokyo, Japan), respectively [18,19]. rhG-CSF
produced by E. coli had a specific activity of 1x10® U/mg
protein (50 U is defined as the amount required for 50% of
maximal stimulation of colony formation by normal marrow
cells [20]). Highly purified thGM-CSF produced by E. coli (an
apparent molecular weight of 14 700) was provided by Schering-
Plough Co. Ltd. (Osaka, Japan) [21]. thGM-CSF had a specific
activity of 1x 108 U/mg protein (the specific activity is deter-
mined by cell-mitogenesis assay based on the incorporation of
3H-thymidine by the TF-1 GM-CSF-dependent cell lineand 1 U
is defined as 50% of the maximal response [20]). Endotoxin
contamination in each preparation of rhG-CSF or rhGM-CSF
was < 1 ng/mg protein. rhG-CSF produced by E. coli was used
in the present experiments, unless otherwise indicated. Cyto-
chrome ¢ type III, FMLP and superoxide dismutase were
purchased from Sigma Chemical Co. (St Louis, MO); Conray

from Mallinckrodt (St. Louis, MO); and Ficoll from Pharmacia
Fine Chemicals (Piscataway, NJ).

Patients

Fourteen patients with MDS were studied. Their characteristics
are shown in Table 1. The diagnosis was based on analysis of the
peripheral blood films, bone marrow aspirates and cytogenetic
findings. MDS was classified as refractory anaemia (RA),
refractory anaemia with excess of blasts (RAEB), and refractory
anaemia with excess of blasts in transformation (RAEB-T)
according to the French-American-British Cooperative Group
(FAB) Criteria [22]. Informed consent was obtained from all
patients.

Administration of rhG-CSF

rhG-CSF (300 ug per body) produced by CHO cells was diluted
in 100 ml of 5% glucose in water, and was infused intravenously
to two MDS patients (patients 2 and 14) in 60 min once daily.
The treatment consisted of daily administration of rhG-CSF for
14 days.

Preparation of neutrophils

Neutrophils were prepared as described previously [23], using
dextran sedimentation and centrifugation with Conray-Ficoll.
Contaminated erythrocytes in neutrophil fractions were
removed by hypotonic lysis. Neutrophil fractions were sus-
pended in Hank’s balanced salt solution (HBSS) (Nissui
Seiyaku, Tokyo, Japan) and contained >95% neutrophils.
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Determination of O, release

0, was assayed spectrophotometrically by superoxide dismu-
tase-inhibitable reduction of ferricytochrome ¢, and the conti-
nuous assay was performed in a Hitachi 557 spectrophotometer
(a double-wavelength spectrophotometer, Hitachi, Tokyo,
Japan) equipped with thermostatted cuvette holder as described
previously [23]. The cell suspension in HBSS was added to a
1-ml cuvette containing 80 uM ferricytochrome ¢ with or without
rhG-CSF (25 ng/ml) or rhGM-CSF (2 ng/ml) to obtain a final
volume of 0-995 ml. Final cell concentration was 0-5-1x 10°
cells/ml. The reaction mixture in a cuvette was preincubated for
10 min at 37°C. The cuvette was placed in a thermostatted
cuvette holder (37°C) of a spectrophotometer, and the reduction
of ferricytochrome ¢ was measured at 550 nm with a reference
wavelength at 540 nm. FMLP (10-7 M) was added to the reaction
mixture in a cuvette to obtain a final volume of 1 ml, while the
time course of cytochrome c¢ reduction (the absorbance change
at 550-540 nm) was followed on the recorder. The release of O,~
was calculated from cytochrome ¢ reduced for 5 min after the
addition of FMLP. In the present experiments, we used FMLP,
but not phorbol myristate acetate (PMA), as stimulus, because
FMLP may be a physiological stimulus and the priming effects
of rhG-CSF and rhGM-CSF on O, release are not observed
when PMA is used as stimulus [12,17,24].

Determination of plasma concentration of G-CSF

The plasma concentration of G-CSF was determined by a
radioimmunoassay using polyclonal rabbit anti-rhG-CSF anti-
body, #’I-labelled rhG-CSF and goat anti-serum to rabbit-IgG
as described previously [17]. The sensitivity of the assay used
was 0-1 ng/ml. Plasma samples were collected when the O,"-
releasing capacity was assessed.

Statistical analysis
Student’s ¢-test was used to determine statistical significance.

RESULTS

O, -releasing capacity in neutrophils from MDS patients

The O, -releasing capacity in neutrophils from MDS patients
was assessed by using FMLP as stimulus, and was compared
with that in neutrophils from normal controls. The data are
summarized in Table 1 and Fig. 1. FMLP-induced O, releasein
neutrophils from normal controls was 0-24 +0-12 nmol/5 min
per 1x 105 cells (n=17). The O, -releasing capacity in MDS
neutrophils varied from patient to patient. In 14 MDS patients
studied, O, release was increased in nine patients, normal in
three patients, and decreased in two patients. FMLP-induced
0O, release in neutrophils could be affected by inflammatory
products and haematopoietic growth factors. Thus, the
increased release of O~ in neutrophils from some MDS patients
might reflect the underlying bacterial infections or the increased
production of haematopoietic growth factors such as G-CSF.
We then studied the relationship between the amount of O~
release and the plasma concentration of C-reactive protein
(CRP), a marker of bacterial infections or inflammation, or the
peripheral blood neutrophil count. As shown in Fig. 2, no close
relationships were observed in these parameters. To assess
further the possible role of G-CSF in increased neutrophil O,~
release, the plasma concentration of G-CSF was measured in all
patients. In all MDS patients tested, G-CSF was not detected by

03 release (nmol/5 min per |1 x 10 cells)

G-CSF Untreated GM-CSF

Fig. 1. Effects of recombinant human granulocyte colony-stimulating
factor (rhG-CSF) and granulocyte-macrophage colony-stimulating
factor (rhGM-CSF) on O, release in neutrophils stimulated by N-
formyl-methionyl-leucyl-phenylalanine (FMLP). The values shown in
Table 1 were plotted in this panel. A dotted line represents no significant

enhancement of O, release (see Table 1).
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Fig. 2. Relationships between the O, -releasing capacity and the
peripheral blood neutrophil count (a) or the plasma concentration of
C-reactive protein (CRP, (b)). Release of O, in neutrophils stimulated
by N-formyl-methionyl-leucyl-phenylalanine (FMLP) (10~7 M) was
assayed as described in Materials and Methods.

our assay system, indicating that the plasma concentration of
G-CSF was <0-1 ng/ml.

Effect of rhG-CSF and rhGM-CSF on O;™ release in
neutrophils from MDS patients

Our previous studies showed that preincubation of human
neutrophils with 25 ng/ml (1-3 nM) rhG-CSF or 2 ng/ml
(0-14 nM) thGM-CSF for 10 min at 37°C was sufficient for
priming the cells (Table 1) [11,15]. When neutrophils from MDS
patients were preincubated with rhG-CSF (25 ng/ml) for 10 min
at 37°C, significant enhancement of O," release stimulated by
FMLP was observed in 9/14 patients and no effect was observed
in five patients. On the other hand, when neutrophils from MDS
patients were preincubated with rhGM-CSF (2 ng/ml) for
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Fig. 3. Absolute neutrophil counts and the neutrophil O, -releasing
capacity in patients treated with recombinant human granulocyte
colony-stimulating factor (rhG-CSF). rhG-CSF (300 ug per body) was
administered intravenously as described in Materials and Methods on
days 1-14. Neutrophils were isolated immediately before, during (day 8)
and after (day 15) the treatment with rhG-CSF, and O, release
stimulated by N-formyl-methionyl-leucyl-phenylalanine (FMLP) (10~
M) was determined. * Significantly increased as compared with values
obtained before rhG-CSF treatment (P <0-01 in patient 2 and P <0-02
in patient 14).

10 min at 37°C, significant enhancement of O, release stimu-
lated by FMLP was observed in all patients (Table 1 and Fig. 1).
However, in four patients (patients 2, 3, S and 13) the amounts
of O, release in rhG-CSF- or rhGM-CSF-treated cells were
remarkably decreased as compared with those from normal
controls, suggesting that the maximal O, -releasing capacity in
neutrophils is markedly impaired in these four patients.

Effect of rhG-CSF administration on the absolute neutrophil
count and neutrophil O, release in MDS patients
rhG-CSF (300 ug per body) was administered intravenously to
two MDS patients (patients 2 and 14). As shown in Fig. 3, the
absolute neutrophil count in the peripheral blood was increased
in both patients within 24 h, reached a maximum by 4 days after
rhG-CSF administration, and thereafter gradually declined.
The transient increase of blasts in the peripheral blood (150/ul
immediately before rhG-CSF administration and 615/ul on day
12, respectively) was observed in patient 14 who had RAEB-T.
To assess the in vivo activation of neutrophil function by
rhG-CSF, neutrophils were isolated immediately before, during
(day 8) and after (day 15) the treatment with rhG-CSF, and O,
release stimulated by FMLP was determined. As shown in Fig 3,
the O, -releasing capacity in neutrophils was maintained or
potentiated during the treatment with rhG-CSF. Although in
patient 2 mature neutrophils did not respond to rhG-CSF
priming in vitro before the treatment with rhG-CSF, progenitor
cells responded well to rhG-CSF administration.

DISCUSSION

Our previous studies indicate that the neutrophil O, -releasing
capacity is impaired in some MDS patients (7/11 patients
studied) and the impaired functions of neutrophils from some
patients are restored by rhG-CSF in vitro [5]. These findings
were confirmed in the present experiments, and the study was
extended by using rhGM-CSF. In addition, the study with two
MDS patients receiving rhG-CSF administration showed that
neutrophils from MDS patients were also activated in vivo by
rhG-CSF. The restoration of impaired neutrophil functions by
rhG-CSF or rhGM-CSF may be clinically important in MDS
patients, since the functional impairment of neutrophils is
reported to be correlated well with the susceptibility to bacterial
infections in these patients [3]. It should be noted, however, that
while the O, -releasing capacity of neutrophils from some
patients was markedly depressed even after the priming with
rhG-CSF or thGM-CSF, it was increased in other patients
(Table 1), consistent with the concept that MDS includes
heterogeneous disorders. The increased respiratory burst acti-
vity of neutrophils has also been reported in some MDS patients
[5,25,26].

The present experiments show that neutrophils from some
MDS patients never respond to rhG-CSF in vitro; that is,
FMLP-induced O, release is not potentiated by rhG-CSF in
five patients. One possible reason for the lack of responsiveness
to thG-CSF in vitro is that neutrophils may be already
maximally primed in vivo by endogenous G-CSF. We have
recently demonstrated that the responsiveness to further in vitro
challenge of rhG-CSF is lost or reduced in neutrophils isolated
after thG-CSF administration; that is, neutrophils already
primed in vivo by rhG-CSF are desensitized to this factor [17]. In
addition, it has been reported that the serum G-CSF levels are
elevated in a half of MDS patients [27]. Thus, the increased O, -
releasing capacity and the unresponsiveness to in vitro rhG-
CSF-priming in neutrophils from some MDS patients might be
caused by the elevated serum level of endogenous G-CSF.
However, in the present study we could not demonstrate the
elevated serum level of G-CSF in all patients (G-CSF levels were
<0-1 ng/ml). We cannot, however, rule out the possibility that
neutrophils are maximally primed by endogenous G-CSF in the
bone marrow where G-CSF levels might be much higher than in
the plasma.

Another possibility is that neutrophils may be primed in vivo
by other cytokines such as GM-CSF and IL-8. In fact, we have
recently demonstrated that the responsiveness to G-CSF is lost
or reduced in neutrophils optimally primed in vitro by GM-CSF
[15] or IL-8 [28]. In the present study, we could not determine the
serum levels of GM-CSF and IL-8. Although there was no close
relationship between the O, -releasing capacity and the serum
level of CRP, it is possible that some inflammatory cytokines
may, at least in part, be responsible for the increased neutrophil
O, -releasing capacity and the lack of neutrophil responsive-
ness to thG-CSF-priming in vitro [28]. A final possibility is that
diminished or defective G-CSF receptors on neutrophils from
some MDS patients may be responsible for reduced responsive-
ness to rhG-CSF-priming.

The present experiments show that the priming effect of
rhGM-CSF is consistently greater than that of rhG-CSF, and
that rhGM-CSF is able to prime neutrophils which never
respond to rhG-CSF. As compared with rhG-CSF, rhGM-CSF
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was effective at lower concentrations; that is, the optimal
concentrations of rhG-CSF and rhGM-CSF produced by E. coli
were 1-3 nM and 0-07 nMm, respectively [15]. This difference could
be explained by the fact that the affinity of GM-CSF receptors
for non-glycosylated rhGM-CSF (kD =0-03 nM) [29] is higher
than that of G-CSF receptors for rhG-CSF (Kd =0-55 nm) [30].
While the precise mechanisms by which rhG-CSF and rhGM-
CSF prime human neutrophils remain to be determined, our
recent studies show that tyrosine phosphorylation of a 42-kD
protein and intracellular alkalinization are closely associated
with the priming effects of rhG-CSF and rhGM-CSF and that
the effects of rhGM-CSF on both functions are greater than
those of rhG-CSF (Yuo, unpublished data). Thus, we suggest
that the difference in maximal priming effect between rhG-CSF
and rhGM-CSF is ascribed to the difference of these intracellu-
lar metabolic events. It has been recently reported that the
tyrosine-phosphorylated 42-kD protein in human neutrophils is
the microtubule-associated protein 2 kinase [31,32].

The clinical application of rhG-CSF and rhGM-CSF may
give at least two beneficial effects: (i) increase of neutrophil
count, and (ii) activation of neutrophil functions. However, not
all patients with MDS respond to rhG-CSF or rhGM-CSF
administration with increased number of neutrophils [7,33]. The
present study demonstrates that neutrophils from most MDS
patients are primed by rhG-CSF and neutrophils from all
patients studied are primed by rhGM-CSF, indicating that both
rhG-CSF and rhGM-CSF may be useful for potentiating the
host-defence against microorganisms even in the patients who
never respond to rhG-CSF or rhGM-CSF administration with
increased numbers of neutrophils.
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