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The Granulocyte Colony Stimulating Factor
(G-CSF) Activates Jak/STAT and MAPK
Pathways in a Trophoblastic Cell Line

Verónica Julieta Marino and Leonor Patricia Roguin*

Instituto de Quı́mica y Fisicoquı́mica Biológicas (UBA-CONICET),
Facultad de Farmacia y Bioquı́mica, Buenos Aires, Argentina

Abstract Granulocyte colony-stimulating factor receptor (G-CSFR) has been found in placenta tissues, although its
functional role has not yet been defined. In order to explore the molecular pathways induced by G-CSF in this tissue, we
first reveal the presence of G-CSFR in the JEG-3 human trophoblastic cell line and then examined the phosphorylation of
Janus tyrosine kinases (Jak), signal transducers and activators of transcription (STAT) proteins and mitogen-activated
protein kinases (MAPK) after G-CSF binding to receptors. We showed that Jak1, Jak2, Tyk2, and STAT3 were
phosphorylated after incubation with G-CSF. Phosphorylation of p38 and p44/42 MAPK was also activated by G-CSF, and
specifically blocked in the presence of the corresponding inhibitors. Similar intracellular pathways were induced by
G-CSF in a myeloid leukemia NFS-60 cell line that was studied in parallel. Conversely to cytokine action in myeloid cells,
G-CSF did not induce a proliferative response in JEG-3 cells. When the effect of G-CSF on cellular viability was evaluated,
cytokine-stimulated JEG-3 cells were protected from foetal serum starvation. In addition, when JEG-3 cells deprived of
serum were incubated at different times in the presence of G-CSF, a progressive decrease in the percentage of hypodiploid
cells was observed. In summary, we identified the molecular pathways activated after G-CSF binding to trophoblastic cell
receptors and showed that G-CSF behaved as a protective cytokine, which supports JEG-3 cells survival. J. Cell. Biochem.
103: 1512–1523, 2008. � 2007 Wiley-Liss, Inc.
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INTRODUCTION

Granulocyte colony-stimulating factor (G-
CSF), a member of the cytokine family of growth
factors, stimulates the proliferation, differentia-
tion, survival, and functional activation of cells of
the granulocyte lineage [Morstyng and Burgess,
1988; Nicola, 1989; Demetri and Griffin, 1991].
G-CSF exerts its biological activities through its
interaction with a specific receptor expressed on

the surface of target cells, the G-CSFR, which isa
member of the hematopoietic receptor super-
family [Morstyng and Burgess, 1988; Nicola,
1989;Demetriand Griffin,1991].The presenceof
G-CSFR has been reported in normal myeloid
progenitors, mature neutrophils and some mye-
loid and lymphocytic leukemia cell lines [Nicola
and Metcalf, 1985; Begley et al., 1988; Shimoda
et al., 1992; Shinjo et al., 1995; Handa et al.,
2000]. In addition, G-CSFR has also been
detected in non-hematopoietic tissues, including
endothelial cells [Bussolino et al., 1989], cardio-
myocytes and cardiac fibroblasts [Harada et al.,
2005], neural stem cells [Jung et al., 2006],
trophoblastic cells and human placenta [Uzu-
maki et al., 1989; Shorter et al., 1992; Mc
Cracken et al., 1996]. Particularly, the synthesis
of G-CSF and the expression of its receptor have
been previously studied in human placenta.
Thus, it has been reported that stromal cells
from both foetal chorionic villi and maternal
decidual tissues express G-CSF throughout
pregnancy [Shorter et al., 1992; Mc Cracken
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et al., 1996], whereas G-CSFR is mainly detected
in first and third trimester placental tissues [Mc
Cracken et al., 1996, 1999].

Signal transduction pathways activated after
G-CSF binding to hematopoietic receptors are
connected to the receptor-associated Janus
tyrosine kinases (Jak), the signal transducers
and activators of transcription (STAT) proteins
and the mitogen-activated protein kinases
(MAPK) [Bashey et al., 1994; Nicholson et al.,
1995; Avalos, 1996; Rausch and Marshall, 1999;
Akbarzadeh and Layton, 2001; Srinivasa and
Doshi, 2002]. Some of the signal molecules
induced by G-CSF in non-hematopoietic cells,
such as endothelial cells [Fuste et al., 2004],
cardiomyocytes [Harada et al., 2005] and neural
stem cells [Jung et al., 2006], have been recently
described. However, the intracellular pathway
triggered by G-CSF in the placenta tissue,
a putative target for G-CSF action, remains
unknown.

In the present study, in order to explore the
potential action of G-CSF in trophoblastic cells,
we employed human choriocarcinoma JEG-3
cells as a model system. This cell line maintains
not only several of the biochemical character-
istics of the normal trophoblastic cells, such as
the production of human chorionic gonadotro-
pin, human placental lactogen, progesterone
and estrogen, but it has also been widely used to
study trophoblast invasion [Kohler et al., 1971;
Bahn et al., 1981; Mandl et al., 2002; Karmakar
et al., 2004]. We first revealed the presence of
G-CSFR in these cells and then examined the
G-CSF-induced signaling.The effectofG-CSF on
cell viability and proliferation was also studied.

MATERIALS AND METHODS

Experimental Design

Choriocarcinoma cells (JEG-3) were incu-
bated with increasing concentrations of G-CSF
or with 1 mg/ml of G-CSF for different times. The
presence of G-CSF receptors was determined by
using [125I]G-CSF or by immunocytochemistry
with anti-human G-CSF receptor antibody. G-
CSF-induced Jak/STAT signaling pathways
were assessed by immunoprecipitation, whereas
phosphorylation of p38 and p44/42 MAPK
was determined by Western blot assays. JEG-3
cell viability was studied after the addition of
G-CSF to the culture medium and the amount
of hypodiploid cells was evaluated by flow
cytometry.

Cytokines

Recombinant human G-CSF expressed in
Chinese hamster ovary cells was supplied by
BIO SIDUS S.A., Buenos Aires, Argentina.
Murine recombinant Interleukin 3 (IL-3) was
purchased from Gibco BRL, Gaithersburg, MD.
Radioiodination of the recombinant G-CSF was
performed using lactoperoxidase as previously
described [Marino et al., 2001]; specific activity
ranged from 60 to 80 mCi/mg. Recombinant
interferon-a2b (IFN-a2b) and erythropoietin
(EPO) were provided by BIO SIDUS S.A
Interleukin-6 (IL-6) was obtained from Gibco
BRL, human growth hormone (hGH) and
human placental lactogen (hPL) were supplied
by the NIDDK’s National Hormone and Pitui-
tary Program and A.F. Parlow, Harbor-UCLA
Medical Center, Torrance, CA.

Cell Cultures

Choriocarcinoma cells (JEG-3) were main-
tained in Minimum Essential Medium (MEM,
Gibco BRL) containing 15% fetal bovine serum
(FBS), 2 mM L-glutamine, 50 U/ml penicillin,
50 mg/ml streptomycin, 0.1 mM non-essential
amino acids and 1 mM sodium pyruvate. NFS-
60 cell line, derived from murine myeloid
leukemia, is responsive to different growth
factors including G-CSF or IL-3 [Hara et al.,
1988]. Cells were maintained in RPMI 1640
medium (Gibco BRL) supplemented with 5%
FBS, 4 mM L-glutamine, 50 U/ml penicillin,
50 mg/ml streptomycin and 0.4 ng/ml of mouse
IL-3.

Detection of G-CSF Receptors by
Immunocytochemistry

Human choriocarcinoma JEG-3 cells were
plated on coverslips, grown up to 70% confluence
and fixed 5 min at room temperature with 4%
paraformaldehyde. After washing with PBS,
monolayers were blocked with PBS/BSA 1%
and incubated 2 h with 10 mg/ml of either
monoclonal antibody anti-G-CSF receptor or
normal mouse IgG as negative control (R&D
Systems, Inc., Minneapolis, MN). Then, cover-
slips were rinsed, incubated 1 h with a dilution
1:100 of goat anti-mouse fluorescein (FITC)
conjugated IgG (Becton Dickinson, San José,
CA) and visualized with an Olympus BX50
epifluorescence microscope provided with a
Cool-Snap digital camera.
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Binding of [125I]G-CSF to JEG-3 Cell Receptors

JEG-3 cells (2� 105 cells/well) were seeded
into 35 mm 6-well tissue culture plates in 3 ml of
MEM containing 1% FBS and allowed to grow
72 h until the cultures reached confluence
(�7� 105 cells/well). Monolayers were washed
twice with cold PBS and then incubated for 4 h
at 48C with 300,000 c.p.m. of [125I]G-CSF and
increasing concentrations of unlabeled G-CSF
or other cytokines in a total volume of 1 ml of
MEM, 1% FBS. Binding reaction was finished
by aspirating the tissue culture medium and
washing the wells carefully twice with cold PBS.
Cells were detached and resuspended in 0.2 ml
of 0.25% trypsin, 0.03% EDTA. Bound radio-
activity was counted in an automatic gamma
counter. Non-specific binding was measured in
the presence of 1 mg/ml of unlabeled G-CSF.
Binding affinity constant and capacity values
were calculated from displacement curves by
Scatchard [1949] analysis.

Immunoprecipitation of Jak/STAT Proteins

Monolayers of JEG-3 cells were washed and
maintained 16 h in MEM without FBS. NFS-60
cells were washed twice with PBS and incu-
bated overnight at 378C with RPMI 1640
medium without IL-3 for factor starvation. To
measure the phosphorylation of Jaks and STAT
proteins, JEG-3 cells (20� 106) were treated
with or without 1 mg/ml of G-CSF for 15 min and
after aspirating the incubation medium, cells
were detached with 0.25% trypsin, 0.03%
EDTA. NFS-60 cells (30� 106) were stimulated
with 0.1 mg/ml of human G-CSF for 15 min and
then harvested by centrifugation.

After washing with cold PBS, the cells were
lysed for 30 min at 48C in 1 ml of lysis buffer
(0.5% Triton X-100, 1 mg/ml aprotinin, 1 mg/ml
trysin inhibitor, 1 mg/ml leupeptin, 10 mM
Na4P2O7, 10 mM NaF, 1 mM Na3VO4, 1 mM
EDTA, 1 mM phenylmethyl sulfonyl fluoride,
150 mM NaCl, 50 mM Tris, pH 7.4). Lysates
were cleared by centrifugation for 10 min at
12,000 rpm, and the supernatants were incu-
bated in the presence of rabbit polyclonal anti-
Jak1, anti-Jak2, anti-Tyk2, anti-STAT1, or
anti-STAT3 antibodies from Santa Cruz Bio-
technology, Inc. (Santa Cruz, CA) overnight at
48C with constant rocking. After incubation,
50 ml of protein A-Sepharose (50% v/v; Sigma,
St. Louis, MO) were added and the preparation
was further incubated 2 h at 48C and washed

twice with lysis buffer. Proteins were dissoci-
ated with sample buffer and submitted to 8%
SDS–PAGE.

p38 and p44/42 MAPK Western Blots

After immunoprecipitation and 8% SDS–
PAGE, proteins were transferred onto PVDF
membranes (AmershamBiosciences,Piscataway,
NY) for 2 h at 100 V in 25 mM Tris, 195 mM
glycine, 20% methanol, pH 8.2. Non-specific
antibody binding sites were blocked by incubat-
ing membranes for 1 h at room temperature
with 10 mM Tris, 130 mM NaCl and 0.05%
Tween-20, pH 7.4, (TBS-T), containing 3% BSA.
Membranes were then incubated overnight at
48C with anti-phosphotyrosine mouse monoclo-
nal antibody (Santa Cruz Biotechnology, Inc.) or
the indicated antibodies diluted in TBS-T,
containing 1% BSA. After 3–4 washes with
TBS-T, membranes were incubated for 1 h at
room temperature with anti-mouse IgG (horse-
radish peroxidase-conjugated goat IgG from
Jackson ImmunoResearch Labs, West Grove,
PA) or anti-rabbit IgG (horseradish peroxidase-
conjugated goat IgG from Santa Cruz Biotech-
nology, Inc.) diluted in TBS-T, 1% BSA. The
immunoreactive proteins were visualized using
the ECL detection system (Amersham Bioscien-
ces) according to the manufacturer’s instruc-
tions. For quantification of band intensity, the
western blots were scanned using a densitom-
eter (Gel Pro Analyzer).

MAPK phosphorylation was determined after
western blotting of cell lysates. Briefly, JEG-3
and NFS-60 cells (1� 106 cells) were deprived for
48 h of serum or cytokine, respectively, and then
stimulated with or without G-CSF (1 mg/ml) for
different times. After washing with PBS, cells
were incubated with 10 ml cold lysis buffer at 48C
for 30 min. Lysates were then cleared by
centrifugation for 10 min at 12,000 rpm, and
the supernatants were diluted with sample
buffer, submitted to 12% SDS–PAGE, and
transferred onto PVDF membranes (Amersham
Biosciences) as described before. Membranes
were then incubated overnight at 48C with
the corresponding anti-phospho-p38 (Thr180/
Tyr182) or anti-phospho-p44/42 (Thr202/Tyr204)
antibodies or the specific anti-p38 or p44/42
proteins (Cell Signaling Technology, Beverly,
MA). After incubation with the secondary
antibody (Santa Cruz Biotechnology, Inc.), imm-
unoreactive proteins were visualized using the
ECL detection system (Amersham Biosciences)
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and densitometrically analyzed. In some
experiments, JEG-3 cells were pretreated for
30 min with 10 mM SB203580, a p38 MAPK
inhibitor Santa Cruz Biotechnology, Inc. or 1 mM
PD98059, a selective inhibitor of p44/42 MAPK
kinase I (Promega Corp., Madison, WI).

Cell Viability Assays

JEG-3 cells growing in complete culture
medium were tripsinized, washed twice with
PBS and resuspended at 2.5� 105 cells/ml in
medium containing 10% or 0.5% FBS. A volume
of 50 ml/ml of cell suspension was incubated in
96-well microplates with the same volume of
medium with or without 2 mg/ml G-CSF. After
incubating 72 h at 378C, the number of viable
cells was evaluated by MTS (3-(4,5-dimethylth-
iazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sul-
phophenyl)-2H-tetrazolium, inner salt) assay
[Cory et al., 1991] using the CellTiter 96 Aqueous
Non-Radioactive Cell Proliferation Assay kit
(Promega Corp.).

Flow Cytometry Analysis of DNA Content

Approximately 1� 106 JEG-3 cells were
washed with PBS, resuspended in MEM in the
absence of serum with or without 1mg/ml G-CSF
and then incubated for 24 or 48 h at 378C. After
harvesting and washing with PBS, 1 ml of 70%
ethanol was added while vortexing and cells
were kept at 48C. To estimate the relative DNA
content, cells were washed twice with PBS and
resuspended in 500 ml of 0.1% sodium citrate
buffer, pH 8.4, Triton X-100 0.1% and propi-
dium iodide (50 mg/ml) overnight at 48C. The
stained cells were analyzed by a FACScan flow
cytometer (Becton Dickinson).

RESULTS

Detection of G-CSF Receptors on JEG-3 Cells

The presence of G-CSF receptors on JEG-3
cells was determined by immunocytochemistry.
Microscopy evaluation of monolayers showed
that JEG-3 cells were clearly stained after using
an specific anti-human G-CSF receptor anti-
body, whereas no significant fluorescence was
observed when cells were incubated in the
presence of normal mouse IgG used as control
(Fig. 1A). In order to characterize G-CSF:recep-
tor interaction, the cytokine was labeled with
[125I] and the tracer was then incubated for 4 h
at 48C with JEG-3 monolayers in the presence of

increasing concentrations of unlabeled G-CSF.
As shown in Figure 1B, unlabeled G-CSF
inhibited [125I]G-CSF binding in a dose-depend-
ent manner. Scatchard analysis of the compet-
itive binding data revealed a single species of
binding sites with a binding affinity of 3�
109 M�1 and a capacity value of 1,300 sites/cell
(Fig. 1B, inset). When other cytokines, includ-
ing IFN-a2b, EPO, IL-6, hGH and hPL, were
incubated with [125I]G-CSF, no inhibition of the
cytokine binding to JEG-3 cells was observed,
suggesting the specificity of the receptor (data
not shown).

G-CSF Stimulates the Jak/STAT Pathway
in JEG-3 Cells

Tyrosine kinases Jak1, Jak2, and Tyk2 have
been reported to contribute to G-CSF-induced
myeloid proliferation [Nicholson et al., 1994,
1995; Avalos, 1996; Tian et al., 1996; Shimoda
et al., 1997; Akbarzadeh and Layton, 2001]. In
order to establish whether G-CSF activates the
Janus family kinases in the human choriocarci-
noma JEG-3 cell line, tyrosine phosphorylation
of Jak1, Jak2, and Tyk2 was examined both in
these cells and in a G-CSF dependent myeloid
cell line (NFS-60 cells). Cell lysates were
submitted to immunoprecipitation with the
corresponding anti-kinase antibodies and then
immunoblotted with anti-phosphotyrosine anti-
body (anti-PY). As shown in Figure 2, a
significant tyrosine phosphorylation of Jak1,
Jak2, and a slight activation of Tyk2 were
reached after 15 min of G-CSF stimulation in
JEG-3 cells. A similar pattern of kinase phos-
phorylation was obtained in G-CSF-stimulated
NFS-60 cells (Fig. 2).

G-CSF activation of Jak kinases leads to
tyrosine phosphorylation of STAT proteins,
which form homodimers or heterodimers before
translocation to the nucleus, where they acti-
vate specific target genes [Nicholson et al., 1995;
Avalos, 1996; de Koning et al., 1996; Tian et al.,
1996; Shimoda et al., 1997; Ward et al., 1999;
Akbarzadeh and Layton, 2001]. After incubat-
ing cells with G-CSF for 15 min, STAT1 and
STAT3 immunoprecipitates from unstimulated
and G-CSF stimulated JEG-3 and NFS-60 cells
were probed with anti-PY. As shown in Figure 3,
G-CSF induced the tyrosine phosphorylation of
STAT3, but not STAT1, in the two cell lines
examined, being the phosphorylation level
obtained in JEG-3 cells lower than that
observed in NFS-60 cells.
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G-CSF Stimulates MAP Kinase Phosphorylation
in JEG-3 Cells

MAP kinase signaling pathway regulates the
proliferation, differentiation, and survival of
hematopoietic cells [Bashey et al., 1994; Nich-
olson et al., 1995; Avalos, 1996; Rausch and
Marshall, 1999; Suzuki et al., 1999; Akbarzadeh
and Layton, 2001; Koay et al., 2002; Miranda
et al., 2002; Srinivasa and Doshi, 2002]. To
examine whether G-CSF activates this pathway
in JEG-3 cells, phosphorylation kinetics of p38
and p44/42 MAPK were evaluated by Western
blot analyses with phospho-specific antibodies.
Phosphorylation of p38 in serum-deprived JEG-
3 cells was observed after 15 min of stimulation
with G-CSF and remained elevated for at least

120 min poststimulation (Fig. 4A). p38 activa-
tion was also evident in NFS-60 cells after
30 min of G-CSF stimulation (Fig. 4A). When
JEG-3 cells were pretreated with the specific
p38 MAPK inhibitor, SB203580 [Young et al.,
1997], a decrease in cytokine-induced p38
MAPK phosphorylation was observed (Fig. 4B).

G-CSF also induced the phosphorylation of
p44/42 MAPK in JEG-3 cells. Phosphorylation
levels reached a peak after 30 min and declined
gradually thereafter (Fig. 5A). Similarly, p44/42
was phosphorylated in NFS-60 cells after
30 min of incubation (Fig. 5A). The addition of
PD98059, a p44/42 MAPK kinase inhibitor
[Dudley et al., 1995], to trophoblastic cells
strongly inhibited G-CSF-induced p44/42
MAPK phosphorylation (Fig. 5B).

Fig. 1. Detection of G-CSF receptors in JEG-3 cells. A: JEG-3 cells were grown on coverslips, fixed with 4%
paraformaldehyde and stained as described in Materials and Methods with a monoclonal antibody anti-G-
CSF receptor or normal mouse IgG (control). Scale bar corresponds to 50 mm. B: Monolayers with �7�105

JEG-3 cells/well were incubated for 4 h at 48C with 300,000 c.p.m. of [125I]G-CSF and different
concentrations of unlabeled cytokine under the conditions described in Materials and Methods. Results from
one representative experiment are shown. Values are mean� SD of three determinations. Scatchard analysis
of binding data is showed in the inset. [Color figure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]
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Effect of G-CSF on JEG-3 Cell Viability

G-CSF induces a proliferative response in
NFS-60 cells [Hara et al., 1988; Marino et al.,

2003]. Under our experimental conditions,
NFS-60 cell growth increased in a dose-depend-
ent manner up to a concentration of 0.1 ng/ml of
G-CSF (data not shown). On the contrary, no

Fig. 2. Janus kinases phosphorylation by G-CSF. JEG-3 cells
(upper panel) and NFS-60 cells (lower panel) were incubated for
15 min in the absence or presence of 1 or 0.1 mg/ml of G-CSF,
respectively, under the conditions described in Materials and
Methods. A: Cells were lysed and then incubated with antisera
against Jak1, Jak2, and Tyk2 and the immunoprecipitates were

analyzed by Western blotting with an anti-phosphotyrosine
antibody (anti-PY). Membranes were stripped and reprobed with
the same anti-kinase antibody employed for immunoprecipita-
tion. Results from one representative experiment are shown.
B: Quantification of tyrosine phosphorylation by densitometric
analysis. IP, immunoprecipitation; WB, Western blot.
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proliferative effect was observed after incubat-
ing JEG-3 cells in the presence of 10% of FBS
with concentrations of G-CSF up to 1 mg/ml
(Fig. 6). However, when cells were deprived
of FBS and incubated with G-CSF for 72 h, a
protective effect of G-CSF on trophoblastic cells
was revealed. Thus, as shown in Figure 6, cell
viability diminished almost 40% under serum
deprivation, while G-CSF treatment increased
the number of viable cells.

To examine whether G-CSF induced an
antiapoptotic effect, JEG-3 cells were incubated
in the absence of serum at different times with
or without G-CSF and the sub-G1 population of
cells, which represents an apoptotic state, was
evaluated by flow cytometry. As shown in
Figure 7, although a progressive increase
in the percentage of hypodiploid cells was
observed under serum starvation, G-CSF stim-
ulus significantly diminished the sub-G1 cell
population after 24 and 48 h of incubation.
Results derived from three independent experi-
ments performed at 48 h showed that the
amount of hypodiploid cells decreased 42� 6%
after G-CSF treatment.

DISCUSSION

G-CSF and its receptor play an essential role
in the regulation of hematopoiesis, although
other functions have also been explored in other
non-hematopoietic cells. Thus, it has been
recently demonstrated that G-CSF increases
the expression of adhesion receptors on endo-
thelial cells [Bussolino et al., 1989], promotes
survival of cardiomyocytes [Harada et al., 2005]
and stimulates neurogenesis [Jung et al., 2006].
In addition, a potential role in the regulation of
placental growth and specifically in trophoblast
function during placentation has been sug-
gested [Shorter et al., 1992; Mc Cracken et al.,
1996, 1999]. Similarly, other cytokines pro-
duced by the maternal endometrium and the
developing embryo have been connected with
the implantation process and could influence
the migration, proliferation and invasion of
trophoblastic cells [Qiu et al., 2004; Fitzgerald
et al., 2005; Pongcharoen et al., 2006].

Although G-CSFR has been found in foetal
trophoblast [Uzumaki et al., 1989; Mc Cracken
et al., 1996, 1999], the intracellular signals

Fig. 3. STATs activation by G-CSF. JEG-3 or NFS-60 cells were
incubated for 15 min in the absence or presence of 1 or 0.1 mg/ml
of G-CSF, respectively, as described in Materials and Methods.
A: Cells lysates were immunoprecipitated with antisera against
STAT1 and STAT3 and then analyzed by Western blotting with
an anti-phosphotyrosine antibody (anti-PY). Membranes were

stripped and reprobed with the same anti-STAT antibody
employed for immunoprecipitation. Results from one represen-
tative experiment are shown. B: Quantification of tyrosine
phosphorylation by densitometric analysis. IP, immunoprecipi-
tation; WB, Western blot.

1518 Marino and Roguin



triggered after G-CSF stimulation have not
been examined. In the present paper, we
demonstrated the presence of specific G-CSFR
in JEG-3 cells, a human choriocarcinoma cell
line that exhibits a biochemical behavior similar
to that of the first trimester trophoblast cells
[Kohler et al., 1971; Mandl et al., 2002;
Karmakar et al., 2004]. We showed that G-
CSF activates Jak1, Jak2, Tyk2, and STAT3,
but not STAT1 phosphorylation both in JEG-3
cells as well as in NFS-60 myeloid cells that
express a G-CSF functional receptor.

The Jak/STAT pathway has been widely
recognized in hematopoietic cells, where it
contributes to regulate the G-CSF-induced
proliferation, differentiation and survival

[Demetri and Griffin, 1991; Avalos, 1996;
Akbarzadeh and Layton, 2001]. In particular,
STAT3 activation has been correlated with both
differentiation and survival of myeloid cells
[Shimozaki et al., 1997; Ward et al., 1999; de
Koning et al., 2000; Smithgall et al., 2000;
McLemore et al., 2001]. More recently, it has
been reported that STAT3 would be directly
involved in the antiapoptotic effect exerted by
G-CSF in cardiomyocytes, a cell type that does
not proliferate in the presence of G-CSF [Har-
ada et al., 2005].

The MAPK pathway also plays a role in the
regulation of cell growth and survival of hem-
atopoietic cells. Thus, activation of p38 MAPK
pathway has been shown to be necessary for

Fig. 4. Phosphorylation of p38 MAPK by G-CSF. A: JEG-3 and
NFS-60 cells were incubated in the absence or presence of 1 mg/
ml of G-CSF for the indicated times and then cell lysates were
subjected to SDS–PAGE under the conditions described in
Materials and Methods. Western blot assays were performed with
anti-phospho-p38 MAPK antibody (P-p38) and anti-p38 anti-
body (p38). Results from one representative experiment are

shown. Data quantification for JEG-3 (gray bars) and NFS-60 cells
(black bars) was performed by densitometric analysis. Results
represent mean values� SE of three different experiments
(*P< 0.05, **P< 0.001). B: JEG-3 cells were pretreated for
30 min with or without 10 mM SB203580 and after stimulating
30 min with 1 mg/ml G-CSF, p38 MAPK phosphorylation was
studied by immunoblot.
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G-CSF-induced hematopoietic cell proliferation
[Rausch and Marshall, 1999; Srinivasa and
Doshi, 2002], although this pathway would not
be involved in mature neutrophils functions
[Suzuki et al., 1999]. In addition, whereas some
authors demonstrate a participation of this
pathway in the granulocyte apoptotic cell death
[Frasch et al., 1998; Aoshiba et al., 1999], others
claim an essential role for p38 MAPK in
granulocyte survival [Villunger et al., 2000].
When this pathway was evaluated in tropho-
blastic JEG-3 cells, we found that G-CSF
induced p38 phosphorylation in a time-dependent
manner. Particularly, in placenta tissues,
p38MAPK has been associated to a normal
trophoblast development and placental angio-
genesis [Mudgett et al., 2000]. It has also been

proposed that this cascade would be required to
increase the G-CSF-induced expression of adhe-
sion receptors on endothelial cells [Bussolino
et al., 1989]. Based on these findings, it would be
valuable to examine a possible role of G-CSF-
induced p38 MAPK pathway in the decidual
invasion of trophoblastic cells.

We also demonstrated the activation of p44/
42 MAPK pathway both in JEG-3 and NFS-60
cells. This cascade has been previously associ-
ated to G-CSF-induced proliferation [Bashey
et al., 1994; Rausch and Marshall, 1999;
Srinivasa and Doshi, 2002; Koay et al., 2002],
myeloid differentiation [Miranda et al., 2002]
and regulation of survival in hematopoietic
cells [Dent et al., 1998; Miranda et al., 2002],
although the response triggered by p44/42
MAPK activation after G-CSF stimulus in
trophoblastic cells remains unknown.

In the present study, when JEG-3 cell
response to G-CSF was evaluated, it was
demonstrated that G-CSF did not stimulate cell
growth, although a cytokine protective effect
was evident. Thus, a higher viability and a
decrease in the population of apoptotic cells
were obtained after G-CSF treatment. Our
results also showed that G-CSF activates
similar pathways both in JEG-3 cells that
exhibit a nonproliferative response to G-CSF,
as well as in the proliferative NFS-60 cell line,

Fig. 5. Phosphorylation of p44/42 MAPK by G-CSF. A: After
incubating JEG-3 and NFS-60 cells with or without 1 mg/ml of
G-CSF for the indicated times, cell lysates were subjected to
SDS–PAGE and Western blot with anti-phospho-p44/42 MAPK
antibody (P-p44/42) and anti-p44/42 antibody (p44/42). Results
from one representative experiment are shown. Data quantifi-
cation for JEG-3 (gray bars) and NFS-60 cells (black bars) was
performed by densitometric analysis. Results represent mean
values� SE of three different experiments (*P<0.05,
**P<0.001). B: The inhibition of cytokine-induced p44/42
MAPK activation was studied after treating JEG-3 cells for 30 min
in the absence or presence of 1 mM PD98059 inhibitor and
incubating 30 min with 1 mg/ml G-CSF.

Fig. 6. G-CSF effect on JEG-3 cell viability. JEG-3 cells
(2.5�105 cell/ml) were incubated for 72 h at 378C in 96-well
culture microplates in the presence or absence of 1 mg/ml G-CSF
in a total volume of 100 ml of medium containing 10% or 0.5%
FBS as described in Materials and Methods. Cell viability was
evaluated by MTS assay. Results are expressed as the percentage
of cell viability obtained in complete culture medium and
represent the mean� SE of three independent experiments.
Statistical analyses were performed by Student’s t-test and are
indicated by *P<0.01 and **P< 0.005.
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indicating a different functional role of these
cascades according to the cell type examined.

In summary, this study represents the first
report of the presence of a functional G-CSFR
in trophoblastic cells, which activates intra-
cellular signals that could be related to sur-
vival, angiogenesis, migration, or invasion.
Although the relative contribution of Jak/
STAT and MAPK pathways on these processes
remains to be studied, our results demon-
strated an antiapoptotic role of G-CSF on
JEG-3 cells that could be involved in placenta
development.
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