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ABSTRACT

Background. Despite the fact that granulocyte-macrophage colony-stimulating factor (GM-
CSF) and granulocyte colony-stimulating factor (G-CSF) are increasingly used in clinical prac-
tice, little is known of their endogenous production, especially in myeloproliferative disorders
such as chronic myelogenous leukemia (CML).

Methods. In order to define serum levels of GM-CSF and G-CSF in subjects affected by CML, the
sera of 17 patients with CML in chronic phase treated either with hydroxyurea or interferon-
alpha were tested by specific enzyme immunoassays. Fifteen age- and sex-matched healthy volun-
teers were used as normal controls.

Results. Eight out of the 17 patients (44%) with CML showed detectable (> 3 pg/mL) serum lev-
els of GM-CSF (range 3.9-55 pg/mL). Detectable levels (> 50 pg/mL) of G-CSF were observed in 9
of these patients (52%) (range 150-2,830 pg/mL). On the contrary, among the normal controls
only one had detectable GM-CSF concentrations, aind none had detectable G-CSF concentrations.
The highest concentrations of both GM-CSF and G-CSF were seen in patients with the highest
white blood cell counts, although a linear correlation between the levels of these growth factors
and the number of circulating leukocytes was not demonstrated.

Conclusions. Our data indicate that significant amounts of both endogenous GM-CSF and G-
CSF are detectable in the serum of a substantial percentage of patients with CML in chronic
phase. The pathophysiological meaning of this finding remains to be determined.
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ranulocyte-macrophage colony-stimu-
Glating factor (GM-CSF) and granulo-
cyte colony-stimulating factor (G-CSF)
are the main cytokines providing the stimulus
for proliferation, differentiation and functional
activation of granulocytes both in vivo and in
vitro.'
Despite the fact that recombinant GM-CSF
and G-CSF are increasingly used in a variety of
clinical conditions,** little is known at present

regarding their endogenous production.

A few papers have recently reported on the
serum levels of either G-CSF or GM-CSF in
healthy individuals, as well as in various hema-
tologic and non hematologic disorders.”"
However, the physiologic role of these myeloid
colony-stimulating factors (CSF) has not been
completely clarified. In particular, the patho-
physiologic relationship between endogenous
production of these CSF and the number of cir-
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culating leukocytes in myeloproliferative disor-
ders such as chronic myelogenous leukemia
(CML) is largely unknown.

Therefore in the present study we investigated
the sera of CML patients in chronic phase by
means of specific enzyme immunoassays in
order to assess the concentrations of both GM-
CSF and G-CSF. Furthermore, correlations
between these myeloid CSF and blood counts
were evaluated in order to speculate on their
possible role in the expansion of the neoplastic
clone in this form of leukemia.

Materials and methods

Sera

Serum samples were obtained by venipunc-
ture after informed consent from seventeen
patients (8 males and 9 females; age 43 to 82
years) with CML in chronic phase treated either
with hydroxyurea (HU) or interferon-a (IFN-
a). Clinical characteristics of these patients at
the time of the study are summarized in Table
1. Sera from 15 healthy volunteers (7 males and
8 females; age 28 to 67 years) were collected and
served as normal controls. Sera were separated
by centrifugation and stored at —70°C until the
CSF assays were performed.

CSF assays

GM-CSF and G-CSF serum concentrations
were determined by two specific enzyme
immunoassays (EIA). GM-CSF concentrations
were measured by a solid phase EIA (GM-CSE-
EASIA; Medgenix Diagnostics, Fleurus,
Belgium) based on the use of an oligoclonal
system in which several monoclonal antibodies
directed against distinct epitopes of GM-CSF
are utilized, as was previously described."
Briefly, a microtiter plate precoated with several
anti-GM-CSF monoclonal antibodies is incu-
bated for 4 hours at room temperature with
undiluted duplicates of standards or serum
samples in the presence of a different series of
monoclonal anti-GM-CSF antibodies labelled
with horseradish peroxidase. A chromogen
(tetramethylbenzidine) is then added to detect
enzymatic activity. Concentrations of GM-CSF
as low as 3 pg/mL are detectable with this assay,
and cross-reactions with others cytokines
including G-CSF, M-CSF, 1L-1, IL-2, IL-3, IL-4,
IFNs and TNF have been shown to be insignifi-

cant.

G-CSF concentrations were assessed with a
human granulocyte colony-stimulating factor
kit (Clinigen TM Human G-CSF EIA; Amgen
Diagnostics, Thousand Oaks, CA, USA) based
on a double-antibody sandwich method. Here
again a microtiter plate precoated with poly-
clonal (rabbit) antibodies specific for G-CSF is
incubated overnight at 37°C with undiluted
standards or serum samples in duplicate. Then
a conjugate of monoclonal anti-G-CSF and
horseradish peroxidase are incubated in a sec-
ond step. The same chromogen (tetramethyl-
benzidine) used for the GM-CSF assay is then
added to detect enzymatic activity. The sensitiv-
ity of this assay has been estimated to be 50
pg/mL and there is no cross-reactivity against
other cytokines such as GM-CSE, M-CSF, IL-1,
IL-6, TNF-« and TNF-S.

In order to minimize variations all samples
were run in the same assay, and the intra-assay
coefficients of variation were 7% and 5% for
GM-CSF and G-CSE, respectively.

Statistical analysis

The two-tailed Student’s t-test for unpaired
data was used for statistical analysis of results; p
values < 0.05 were considered as significant.
Correlations between both G-CSF and GM-
CSF concentrations and blood counts were
analyzed by Spearman’s rank test.

Table 1. Patient characteristics at the time of the study.

Pt. Age Sex Treatment* WBC ANC Hb  PIt
(x10°/L) (x10%/L) (g/dL) (x10°/L)

GF 67 F IFN-« 8,2 6,4 14.2 418
CS 62 M HU 34,7 17,3 12.0 800
CP 48 M HU 54,2 29,8 11.2 100
MW 66 M [FN-o 7,5 4,2 12.3 157
Pl 61 M IFN-« 154 10 11.6 250
CF 59 F IFN-« 8,1 59 10.6 159
Ml 73 F HU 7,7 3 6.6 233
GG 53 M HU 7,5 4,2 9.9 569
NA 64 M HU 22,7 17,7 12.8 630
PR 65 F IFN-« 6,7 2,3 7.5 27
ME 43 F HU 4,7 2,4 13.4 350
DL 58 F IFN-« 10,5 7,1 12.2 410
PL 61 M HU 17,4 4,9 12.6 285
PS 70 F IFN-« 5,8 2,9 13.4 197
RI 82 F HU 20,1 14 10.2 246
PA 49 F IFN-« 5,1 3,3 12.0 178
GA 64 M HU 8 48 13.1 351

*IFN-a = interferon-o;; HU = hydroxyurea
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Results

CSF concentrations

Serum concentrations of GM-CSF and G-
CSF in CML patients and normal controls are
shown in Figure 1.

Eight out of the 17 CML patients (44%) studied
showed detectable (> 3 pg/mL) serum concentra-
tions of GM-CSF (meantSD 16.8£16.4; range
3.9-55 pg/mL), while only one of the healthy con-
trols demonstrated a detectable GM-CSF level.
Detectable (> 50 pg/mL) serum concentrations of
G-CSF were also observed in 9 out of the 17
(52%) CML patients (mean+SD 1,063+1,240;
range 150-3,540 pg/mL), while none of the nor-
mal controls showed detectable amounts of G-
CSE. Interestingly enough, all 8 CML patients
with detectable GM-CSF levels also presented
measurable concentrations of G-CSE.

When the CML patients were evaluated
according to their treatment regimen, it appear-
ed that among the 8 patients with measurable
concentrations of both GM-CSF and G-CSE, 7
were treated with HU and only one was under
therapy with IFN-a; conversely, only 2 patients
treated with HU and 7 patients treated with
IFN-« showed undetectable levels of CSFE.

Relationship between CSF and blood counts

No statistically significant correlation was
observed between serum levels of either GM-
CSF or G-CSF and peripheral blood counts, as
shown in Table 2.

However, the patients with the highest leuco-
cytes counts showed the highest CSF concen-
trations, with a trend which was very similar for
both GM-CSF and G-CSE. An identical trend
for a positive correlation was observed between

Table 2. Correlations between CSF and peripheral hemato-
logical parameters.

wec ANC Hb Pits
GM-CSF  r=0.52 r=0.56 r=0.07 r=0.1
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Figure 1. Serum concentrations of GM-CSF in 17 patients
with chronic myelogenous leukemia (CML) and 15 healthy
controls.

both GM-CSF and G-CSF concentrations and
absolute neutrophil counts (Figure 2).

Discussion

Our data indicate that measurable concentra-
tions of both GM-CSF and G-CSF are
detectable in the serum of a substantial number
of patients with CML in chronic phase. The
availability of sensitive and reliable immunoas-
says for both GM-CSF and G-CSF in recent
years has raised interest in examining the serum
levels of these cytokines in different pathologi-
cal conditions. Generally, both GM-CSF and G-
CSF are only rarely detected, at very low con-
centrations, in the serum of normal subjects.'
Serum levels of G-CSF have been shown to be
increased during infection'>'>" and have been
inversely related to white cell counts in aplastic
anemia and in cyclic neutropenia.”*

Furthermore, elevated concentrations of G-
CSF have been reported in some cases of acute
leukemia”® or after autologous bone marrow
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Figure 2. Correlations between serum levels of myeloid CSF and peripheral blood leukocyte and neutrophil counts.

transplantation.” A small number of studies
have also investigated GM-CSF serum levels in
patients affected by acute leukemias®’ or lym-
phomas,"” without reaching any definite conclu-
sions.

Our results are in agreement with a study by
Watari et al.,” who found detectable amounts of
G-CSF in 6 of 18 (33%) CML patients investi-
gated. Quite interestingly, high levels of granu-
locyte colony-growth stimulating activity
(CSA) (which was subsequently recognized as
mainly constituted by both natural GM-CSF
and G-CSF) were observed more than twenty
years ago in the urine of patients with CML,"
although these results were not confirmed by
others."” More recently, studies at the molecular
level have suggested that G-CSF mRNA is con-
stitutively expressed by neoplastic cells in a con-
siderable number of patients with CML either
in stable or blastic phase," and that GM-CSF
mRNA may be expressed by adherent bone
marrow layers from CML patients in blastic
phase,” although other research has not con-
firmed these observations.**”'

Taken together, these findings seem to suggest
that endogenously secreted myeloid CSF might
play a role in the pathophysiology of CML.
Indeed it has been claimed that G-CSF may
represent a potential autocrine growth factor in
stable phase CML," and GM-CSF has been
indicated as playing a central role in the patho-
genesis of juvenile CML.>*

Besides possibly being produced by neoplastic
cells as autocrine growth factors, both GM-CSF
and G-CSF are certainly released by bone mar-
row stromal cells (fibroblasts, endothelial cells
and macrophages).! Marrow stroma constitutes
the milieu in which the neoplastic CML clone
expands, and an abnormal expression of
growth factors by adherent bone marrow layers
derived from CML patients has been reported.”

Recent experimental evidence seems to assign
a key role to over-expression of CSF in the
pathogenesis of different myeloproliferative
syndromes.**** This hypothesis has been con-
firmed at least in part by the observation that
IFN-« is able to induce a regression of myeloid
metaplasia by reducing the circulating concen-
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tration of CSF-1.” Moreover, IFN-y has been
shown to specifically inhibit GM-CSF expres-
sion by murine vascular endothelial cells,” fur-
ther confirming the direct role of IFNs in the
regulation of cytokine production by accessory
cells. A possible modulatory effect of IFN-a on
the production or secretion of CSF by stromal
or neoplastic CML cells is one of the suggested
mechanisms for its antiproliferative activity in
this disease,”?" in addition to its direct inhibito-
ry action on the growth of CML hematopoietic
progenitors.™

Our observation of very low serum levels of
both GM-CSF and G-CSF in these patients
being treated at the time of the study with IFN-
« as compared to the corresponding values in
those receiving HU might be consistent with
such IFN-« activity. Interestingly, a sharp
reduction in G-CSF serum levels has already
been reported by Watari et al.”in two CML
patients undergoing treatment with IFN-«.
Whether or not endogenous production of
myeloid CSF such as GM-CSF and G-CSF is
increased in untreated CML patients, and to
what extent treatment affects serum concentra-
tions of these CSF are still unknown.

In a single patient recently studied at the time
of diagnosis we observed detectable serum con-
centrations of both GM-CSF and G-CSF (24
pg/mL and 650 pg/mL, respectively), but defin-
ition of this point clearly deserves further inves-
tigation.

As far as the relationship between myeloid
CSF serum levels and the clinical characteristics
of our patients is concerned, a positive trend
was seen in our study toward a direct correla-
tion between serum levels of these CSF and
both white blood cell count and the number of
circulating neutrophils, even though no statisti-
cally significant link emerged between either
GM-CSF or G-CSF and the parameters consid-
ered. In fact, an analogous trend was described
between peripheral white cell counts and uri-
nary CSA in a study by Robinson and Pike,
although here again, as well as in other such
studies,”* no definite correlations were found.

Similarly, Watari et al.” claimed that CML
patients with high G-CSF levels presented clini-
cal features like those of patients with low G-
CSF concentrations. It is conceivable that the
small number of patients investigated in our
study and/or differences in their clinical status
might account for the failure to establish a sta-

tistically significant correlation.

In short, the present research indicates that
an increased secretion of myeloid CSF occurs in
a substantial percentage of CML patients in
chronic phase. Obviously, no definite conclu-
sions can be drawn from this study regarding
the relationship between these findings and the
nature of the leukemic process. In particular,
the true physiopathological implications these
observations have for the mechanism of
leukemic cells growth and differentiation in
CML remain to be elucidated.

References

1. Liesche GJ, Burgess AW. Granulocyte colony stimulating fac-
tor and granulocyte-macrophage colony-stimulating factor.
N Engl ] Med 1992; 327:28-35.

2. Aurer AR, Gale RP. Hematopoietic growth factors in bone
marrow transplantation: current and future directions.
Haematologica 1991; 76:85-8.

3. Visani G, Tosi P, Finelli C, et al. Effect of in vivo treatment
with rH GM-CSF on in vitro growth of haematopoietic prog-
enitors in patients with myelodysplastic syndromes.
Haematologica 1992; 77:142-5.

4. Garavelli PL. Efficacy of granulocyte colony-stimulating fac-
tor (G-CSF) on neutropenia in zidovudine-treated patients
with AIDS and ARC: a preliminary report. Haematologica
1992; 77:293-4

5. Patrone F, Ballestrero A, Balleari E, et al. High-dose
cyclophosphamide followed by GM-CSF is a safe and effec-
tive procedure for the recruitment of trilineage circulating
progenitor cells. Haematologica 1992; 77:457-62.

6. Zinzani PL, Martelli M, Tura S, Mandelli F. Granulocyte
colony-stimulating factor (G-CSF) as adjunct therapy in
relapsed-resistant high-grade non-Hodgkin’s lymphoma.
Haematologica 1993; 78:40-4.

7. Watari K, Asano S, Shirafuji N, et al. Serum granulocyte
colony-stimulating factor levels in healthy volunteers and
patients with various disorders as estimated by enzyme
immunoassay. Blood 1989; 73:117-22.

8. Omori F, Okamura S, Shimoda K, Otsuka T, Harada M,
Nimo Y. Levels of human serum granulocyte colony-stimu-
lating factor and granulocyte-macrophage colony-stimulat-
ing factor under pathological conditions. Biotherapy 1992;
4:147-53.

9. Sallefors B, Olofsson T. Granulocyte-macrophage colony-
stimulating factor (GM-CSF) and granulocyte colony-stimu-
lating factor (G-CSF) in serum during induction treatment of
acute leukemia. Br ] Haematol 1991; 78:343-51.

10. Kawakami M, Tsutsumi H, Kumakawa T, et al. Levels of
serum granulocyte colony-stimulating factor in patients with
infections. Blood 1990; 76:1962-4.

11. Balbi B, Valle MT, Oddera S, et al. Thymomodulin increases
release of granulocyte-macrophage colony-stimulating factor
and of tumor necrosis factor in vitro. Eur Respir J 1992;
5:1097-103.

12. Shirafuji N, Asano S, Matsuda S, Watari K, Takaku F, Nagata
S. A new bioassay for human granulocyte colony-stimulating
factor (hG-CSF) using murine myeloblastic NFS-60 cells as
targets and estimation of its levels in sera from normal
healthy persons and patients with infectious and hematologi-
cal disorders. Exp Hematol 1989; 17:116-9.

13. Lavton JE, Cebon JS, Morstyn G. Cytokine responses to
febrile neutropenia (Abstract). Exp Hematol 1991; 19 (Suppl
1):188a.



12

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

E. Balleari et al.

Hass R, Gericke G, Witt B, Cayeux S, Hunstein W. Increased
serum levels of granulocyte colony-stimulating factor after
autologous bone marrow or blood stem cell transplantation.
Exp Hematol 1993; 21:109-13.

Gause A, Keymis S, Scholz R, et al. Increased levels of circu-
lating cytokines in patients with untreated Hodgkin’s disease.
Lymphokine Cytokine Res 1992; 11:109-13.

Robinson WA, Pike BL. Leukopoietic activity in human
urine. N Engl ] Med 1970; 282: 1291-7.

Bianchi Scarra GL, Ajmar F, Barresi L, Canepa L, Giuntini P,
Boccaccio P. Urinary granulopoietic activity in chronic myel-
ogenous leukemia: follow-up and correlation with various
phases of the disease. Acta Haematol 1981; 65:85-96.

Klein H, Becher R, Lubbert M, et al. Synthesis of granulocyte
colony-stimulating factor and its requirement for terminal
divisions in chronic myelogenous leukemia. ] Exp Med 1990;
171:1785-90.

Wetzler M, Kurzrock R, Lowe DG, Kantarjian H, Gutterman
JU, Talpaz M. Alteration in bone marrow adherent layer
growth factor expression: a novel mechanism of chronic
myelogenous leukemia progression. Blood 1991; 78:2400-6.
Otsuka T, Eaves CJ, Humpuries RK, Hogge DE, Eaves AC.
Lack of evidence for abnormal autocrine or paracrine mech-
anisms underlying the uncontrolled proliferation of primi-
tive chronic myeloid leukemia progenitor cells. Leukemia
1991; 5:861-8.

Specchia G, Uso V, Capalbo S, et al. Constitutive expression
of IL-1 beta, M-CSF and C-fms during the myeloid blastic
phase of chronic myelogenous leukemia. Br ] Haematol
1992; 80:310-6.

Gualtieri RJ, Emanuel PD, Zurkermani KS, et al.
Granulocyte-macrophage colony-stimulating factor is an
endogenous regulator of cell proliferation in juvenile chronic
myelogenous leukemia. Blood 1989; 74:2360-7.

Freedman MH, Cohen A, Grunberger T, et al. Central role of
tumor necrosis factor, GM-CSF and interleukin-1 in the

24.

25.

26.

27.

28.

29.

30.

31.

32.

pathogenesis of juvenile chronic myelogenous leukemia. Br J
Haematol 1992; 80:40-8.

Everson MP, Brown GB, Lilly MB. Interleukin and granulo-
cyte-macrophage colony stimulating factor are candidate
growth factors for chronic myelomonocytic leukemia cells.
Blood 1989; 74:1472-6.

Gilbert HS, Praloran V, Stanley ER. Increased circulating
CSF-1 (M-CSF) in myeloproliferative disease: association
with myeloid metaplasia and peripheral bone marrow exten-
sion. Blood 1989; 74:1231-4.

Le Bousse-Kerdiles MC, Souyri M, Smadja-Joffe F, Praloran
V, Jasmin C, Zitener HJ. Enhanced hematopoietic growth
factor production in an experimental myeloproliferative syn-
drome. Blood 1992; 79:3179-87.

Gilbert HS, Stanley ER. Regression of myeloid metaplasia
during interferon alpha-2B treatment of myeloproliferative
disease is accompanied by reduction in circulating concen-
trations of colony stimulating factor-1 (Abstract). Clin Res
1989; 37 (Suppl 1): 545a.

Akahane K, Pluznik DV. Interferon-y destabilizes inter-
leukin-1-induced granulocyte-macrophage colony-stimulat-
ing factor mRNA in murine vascular endothelial cells. Exp
Hematol 1993; 21:878-84.

Galvani DW. Why does alpha-interferon work in chronic
granulocytic leukemia? Leuk Lymph 1990; 1:175-8.
Baccarani M, Russo D, Fanin R, Zuffa E, Tura S. Advances in
prognosis of chronic myeloid leukemia. Haematologica 1992;
77:377-80.

Carlo-Stella C, Cazzola M, Ganser A, et al. Synergistic
antiproliferative effect of recombinant interferon-y with
recombinant interferon-a on chronic myelogenous leukemia
hematopoietic progenitor cells (CFU-GEMM, CFU-Mk,
BFU-E and CFU-GM). Blood 1988; 72: 1293-9.

Moore M, Robinson WA. Granulopoietic activity of urine
and cells from patients with chronic granulocytic leukemia.
Proc Soc Exp Biol Med 1974; 146:499-503.





