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Abstract
Neonatal hypoxia-ischemia (HI) is an important clinical problem with few effective treatments.
Granulocyte-colony stimulating factor (G-CSF) is an endogenous peptide hormone of the
hematopoietic system that has been shown to be neuroprotective in focal ischemia in vivo, and is
currently in phase I/II clinical trials for ischemic stroke in humans. We tested G-CSF in a rat model
of neonatal hypoxia-ischemia in postnatal day 7 unsexed rat pups. Three groups of animals were
used: hypoxia ischemia (HI, n=67), hypoxia-ischemia with G-CSF treatment (HI+G, n=65), and
healthy control (C, n=53). G-CSF (50 μg/kg, subcutaneous) was administered 1 hour after HI, and
given on four subsequent days (five total injections). Animals were euthanized 24 hours, 1, 2, and 3
weeks after HI. Assessment included brain weight, histology, immunohistochemistry, and Western
blotting. G-CSF treatment was associated with improved quantitative brain weight and qualitative
Nissl histology after hypoxia-ischemia. TUNEL demonstrated reduced apoptosis in group HI+G.
Western blot demonstrated decreased expression of Bax and cleaved caspase 3 in group HI+G. G-
CSF treatment was also associated with increased expression of STAT3, Bcl-2, and Pim-1, all of
which may have participated in the anti-apoptotic effect of the drug. We conclude that G-CSF
ameliorates hypoxic-ischemic brain injury, and that this may occur in part by an inhibition of
apoptotic cell death.
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1. Introduction
Neonatal hypoxia-ischemia (HI) is an important cause of morbidity and mortality in the
perinatal period with few effective treatments (Del Toro et al. 1991;Miller 2000;Ferriero
2001). One of the major mechanisms of neuron loss after HI is apoptotic cell death, and the
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immature brain exhibits a high degree of apoptotic cell death after ischemia (Sidhu et al., 1997).
Recent interest has turned to the possibility of improving outcomes after neonatal hypoxia-
ischemia by inhibiting apoptotic neuron loss.

Granulocyte colony-stimulating factor (G-CSF) is a growth factor of the hematopoietic system
that stimulates proliferation, survival, and maturation of cells committed to the neutrophilic
granulocyte lineage (Demetri and Griffin, 1991). G-CSF has also been shown to exert a
powerful neuroprotective effect in a variety of in vivo models of brain injury (Solaroglu et al.
2006). Phase I / II clinical trials of G-CSF in ischemic stroke are ongoing (Schabitz et al.,
2006,Shyu et al., 2006,Sprigg et al., 2006), and preliminary work suggests that G-CSF has the
potential to make clinically significant improvements in outcome after ischemic stroke in adult
human patients (Shyu et al., 2006). In animal studies, the neuroprotective effects of G-CSF
have been ascribed to anti-apoptotic (Kobayashi et al., 2005;Schäbitz et al., 2003;Schneider et
al., 2005), anti-inflammatory (Gibson et al 2005b;Kobayashi et al., 2005), excitoprotective
(Schäbitz et al., 2003), and neurotrophic mechanisms (Konishi et al., 1993). In some contexts,
however, G-CSF may exacerbate excitotoxic injury (Keller et al., 2006). G-CSF is thought to
exert its anti-apoptotic effect through a variety of intracellular cascades including JAK / STAT,
PI3-kinase / AKT, and ERK (Solaroglu et al., 2006).

In the present study we tested G-CSF treatment in a model of neonatal hypoxia-ischemia in
rats (described below). Three groups of rats were used: neonatal hypoxia-ischemia (HI),
neonatal hypoxia-ischemia with G-CSF treatment (HI+G), and healthy control (C). Rats were
euthanized 24 hours, 1, 2, and 3 weeks after hypoxia-ischemia for further analysis. We
hypothesize that administration of G-CSF after neonatal hypoxia-ischemia will attenuate brain
injury, in part by inhibition of apoptosis.

2. Results
2.1 Brain Weight and Nissl histology

G-CSF treatment was associated with less gross tissue loss on brain weight analysis. On
Analysis of Variance (ANOVA), G-CSF treatment was associated with a statistically
significant increase in brain weight compared to the untreated group, p<0.05. The healthy
control animals demonstrated no tissue loss, as expected (Figure 1A-B). Nissl histology of
peri-infarct and infracted regions demonstrated increased vacuolization, neuron loss, and tissue
breakdown in brain regions in the untreated animals (Figure 2). Large numbers of neurons in
the untreated group were pyknotic and dead (Figure 2). Conversely, G-CSF treatment was
associated with qualitatively less vacuolization, neuron loss, and tissue breakdown. The control
animals appeared morphologically normal on Nissl stain (Figure 2).

2.2 Immunofluorsecence for the G-CSF Receptor
Double immunofluorescence of the G-CSF receptor (G-CSFR) and NeuN (a marker for
neurons) demonstrated the G-CSF receptor on neurons after neonatal hypoxia-ischemia (Figure
3). Expression of the G-CSF receptor was qualitatively greater after ischemia compared to the
non-ischemic control animals (Figure 3, inset).

2.3 Evaluation of Apoptosis
G-CSF treatment was associated with decreased expression of pro-apoptotic markers and
increased expression of anti-apoptotic markers. Apoptotic cell death was qualitatively reduced
in the G-CSF treatment group as indicated by TUNEL and cleaved caspase 3
immunohistochemical stain (Figure 4A). Western blot of cleaved caspase 3 supported these
findings quantitatively (Figure 4B). G-CSF treatment was associated with a statistically
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significant reduction in cleaved caspase-3 activity on ANOVA, p<0.05, when compared to the
untreated group (Figure 4B). Western blot analysis of Bcl-2 (an anti-apoptotic factor)
demonstrated a statistically significant increase in the G-CSF group compared to the untreated
group, p<0.05 on ANOVA (Figure 5A). Analysis of BAX (a pro-apoptotic factor)
demonstrated a statistically significant reduction in the G-CSF group compared to the untreated
group, p<0.05 on ANOVA (Figure 5B).

2.4 Evaluation of STAT3 and Pim-1
G-CSF treatment was associated with a statistically significant increase in expression of
intracellular mediators of anti-apoptotic pathways including STAT3 (Figure 6A) and Pim-1
(Figure 7A) compared to the untreated group (p<0.05 on ANOVA). Double
immunofluorescence for STAT3 and MAP2 (a marker of neurons) demonstrated expression
of STAT3 in neurons in the G-CSF treatment group, while untreated animals demonstrated
less STAT3 (Figure 6B). Double immunofluorescence for STAT3 and Pim-1 demonstrated
co-expression of these two proteins (Figure 7B).

3. Discussion
In this study we found that G-CSF treatment was associated with improved brain weight (Figure
1), improved qualitative histological outcomes (Figure 2), decreased apoptotic neuron loss
(Figure 4), decreased apoptotic signaling (Figure 4, 5B), and increased expression of proteins
associated with cell survival (Figure 5A, 6, and 7). The hypoxia-ischemia insult was associated
with a qualitative increase in expression of the G-CSF receptor (Figure 3).

The G-CSF receptor (G-CSFR) is expressed by neurons and glial cells in the adult brain after
injury (Kobayashi et al., 2005;Schäbitz et al., 2003;Schneider et al., 2005). Quantitative
upregulation of the G-CSF receptor after ischemic brain injury has been demonstrated in post-
mortem analysis of human brain tissue (Hasselblatt et al., 2007). We found that the G-CSF
receptor is also expressed by the neonatal brain after hypoxia-ischemia (Figure 3). This
suggests that hypoxia-ischemia may activate intrinsic protective mechanisms to combat
neonatal brain injury, which is consistent with prior observations (Schneider et al., 2005).

In prior reports the neuroprotective effects of G-CSF have been ascribed to anti-apoptotic
(Kobayashi et al., 2005;Schäbitz et al., 2003;Schneider et al., 2005), anti-inflammatory (Gibson
et al 2005b;Kobayashi et al., 2005), excitoprotective (Schäbitz et al., 2003), and neurotrophic
(Konishi et al., 1993) effects. In vitro studies have reported that the G-CSF inhibits apoptosis
by activation of the JAK/STAT3 (Shimozaki et al., 1997), phospatidylinositol 3'kinase (PI3K) /
Akt (Dong and Lamer, 2000;Schneider et al., 2005), and mitogen-activated protein kinase
(MAPK)/ERK pathways (Schneider et al., 2005), and these results have been largely confirmed
in brain ischemia models in vivo (Kobayashi et al., 2005;Schäbitz et al., 2003). Our results
suggest that G-CSF treatment inhibited apoptotic neuron loss, and this may have occurred
partly through JAK/STAT3 signaling (Figure 6). We did not study the potential neurotrophic
or excitoprotective effects of G-CSF, and it is possible that these mechanisms also played a
role in the G-CSF-mediated neuroprotection observed in this study.

Pim-1, a downstream effector of many cytokine signaling pathways, has been shown to play
a role in the control of cell growth and differentiation of hematopoietic cells (Wang Z et al
2001,Bachman and Moroy 2005). The expression of the Pim-1 gene is induced by a large set
of cytokines, including G-CSF, GM-CSF, IL-3, IFN-α, and IL-6 (Lilly et al 1992;Matikainen
et al 1999;Rahman et al., 2001). STAT3 can bind directly to the Pim-1 promoter sequence and
upregulate pim-1 gene expression. Reports have noted that Pim-1 is elevated after seizure
(Feldman et al., 1998). We found an upregulation of Pim-1 after hypoxia-ischemia, and that
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this was enhanced by G-CSF treatment (Figure 7A). Pim-1 expression seems to parallel STAT3
expression, suggesting an association between the two in ischemic pathology (Figure 7B).

While the anti-apoptotic effects of Pim-1 are still largely unknown, prior reports have shown
that Pim-1 is associated with sustained expression of Bcl-2 mRNA and protein levels (Lilly et
al., 1999,Rahman et al., 2001;Sakai et al., 1997). Bcl-2 is an anti-apoptotic protein present at
relatively high levels in the neonatal brain and declines significantly in the postnatal brain
(Abe-Dohmae et al., 1993). The expression of Bcl-2 in neonatal brain injury remains unclear
(Akhtar et al., 2004;Hagberg, 2004), as several studies have shown that Bcl-2 levels may not
be elevated in rodent models of neonatal brain injury (Chen et al., 2001;Northington et al.,
2001), whereas others have reported contrary results (Ferrer et al., 1997;Hu et al., 2003;Nunez
and McCarthy, 2004). One study reported that Bcl-2 was expressed in normal neurons, but that
the expression was decreased in apoptotic neurons and further decreased in necrotic neurons
following neonatal hypoxia-ischemia (Ferrer at al., 1997). In the current study, we found that
the expression of Bcl-2 decreased in the mitochondrial fraction following hypoxia-ischemia,
and that this was reversed with G-CSF treatment (Figure 5).

In the present study Bax demonstrated an inverse relationship with Bcl-2 (Figure 5). Bax levels
were increased in mitochondrial fraction following hypoxia-ischemia, and this was reversed
with G-CSF treatment. Bax, a pro-apoptotic protein, is expressed in both the embryonic and
adult brain and can heterodimerize with Bcl-2, Bcl-Xl, Mcl-1 (Bcl-2 family proteins). Bax
regulates cytochrome c release from the mitochondria, perhaps via the formation of the
mitochondrial transition pore, resulting in the activation of caspase 3 and apoptotic cell death
(Northington et al., 2001). We observed that an increase in Bax correlated with an increase in
Cleaved Caspase 3. Thus, the present data suggests that the apoptotic cell death following
neonatal hypoxia-ischemia is likely associated with Bax translocation to the mitochondria with
a concomitant decrease in Bcl-2, resulting in activation of caspase-3. However, the changes in
expression of Bcl-2 and Bax probably do not fully explain the anti-apoptotic effects of G-CSF.
A prior report noted that upregulation in Bcl-2 may be observed in apoptotic neurons after
hypoxia-ischemia, and that Bcl-2 by itself is not sufficient to prevent cell death. Likewise,
upregulation of Bax by itself may not be sufficient to cause apoptotic death (Ferrer et al.,
1997).

We did not study the extent to which G-CSF treatment modulated excitotoxic injury in the
neonatal hypoxia-ischemia. A recent study of G-CSF in a neonatal ibotenate injection
(excitotoxic) model demonstrated that G-CSF has the potential to exacerbate excitotoxic injury
in the dose range used in the present study (Keller et al., 2006), and it is possible that this
attenuated the beneficial effects of the drug. We also did not study possible neurotrophic effects
of G-CSF. G-CSF has been reported to have neurotrophic effects on neurons in vitro and in
vivo (Konishi et al., 1993), and these effects may have contributed to the beneficial outcomes
observed in our study. G-CSF has been reported to promote brain repair through the stimulation
of intrinsic neural stem cells (Kobayashi et al., 2005;Schneider et al., 2005). Others studies
have suggested G-CSF-mediated brain protection by recruitment of bone marrow-derived stem
cells (Shyu et al., 2004; Kawada et al 2006). Future studies will address these possible
mechanisms of neuroprotection in neonatal hypoxia-ischemia.

Animals in the G-CSF treatment group received the same dose of G-CSF per body weight, and
future studies will address the dose-response relationship, as well as the time course of
treatment necessary for optimal effect. Future studies of G-CSF and neonatal hypoxia-ischemia
will emphasize long-term behavioral and functional outcomes after G-CSF administration and
long-term histological outcomes.
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We conclude that G-CSF treatment ameliorates brain tissue loss after neonatal hypoxia-
ischemia, and that this may occur in part through an inhibition of apoptosis.

4. Experimental Procedures
4.1 Animal Model and Experimental Protocol

The neonatal hypoxia-ischemia protocol used in this study was approved by the Institutional
Animal Care and Use Committee at Loma Linda University. Pregnant Sprague-Dawley rats
(Harlan Labs, Indianapolis, IN, USA) were housed in individual cages. After birth, pups were
housed with their dam under a 12 hour light/dark cycle, with food and water available ad
libitum. All surgical procedures were performed on postnatal day 7 unsexed pups. The animals
were subjected to a well-characterized neonatal hypoxia-ischemia model (Vannucci RC and
Vannucci JS, 1997). The pups were anesthetized with isoflurane (3% in mixed air and oxygen)
by inhalation induction and placed on a surgical table maintained at 37°C. The right common
carotid artery of each pup was exposed, carefully isolated from the vagus nerve and jugular
vein, and ligated with 5-0 surgical silk. The incision was sutured and the pups recovered with
their dam in a stable thermal environment. After a recovery period of 2 hours, the pups were
placed in a glass chamber, which was submerged in a water bath (37.5°C), and exposed to
mixture of 8% O2 and 92% N2 for 2 hours. After the hypoxic stress, pups were randomly
assigned to one of the following groups: Hypoxia-ischemia (Group HI, n=67), or hypoxia-
ischemia with G-CSF treatment (Group HI+G, n=65). Healthy control animals (group C, n=53)
were also used in this study. Rat pups were euthanized under general anesthesia 24 hours, 1,
2, or 3 weeks after hypoxia-ischemia.

4.2 G-CSF Treatment
Pups in the HI+G group received G-CSF (50μg/kg, subcutaneous, Amgen, Thousand Oaks,
CA) 1 hour after HI and on four subsequent days (total of 5 doses). Groups C and HI received
phosphate-buffered saline (PBS, Aldrich, St. Louis, MO) injections of similar volume. The
dose of G-CSF agrees with previously published reports (Lee et al., 2005).

4.3 Brain weight
Gross tissue loss was assessed by brain weight analysis 1 week, 2 weeks, and 3 weeks after
hypoxia-ischemia, as described previously (Calvert et al., 2002). The pups were euthanized
under general anesthesia [Ketamine (80mg/kg)/xylazine (10mg/kg)]. After removal of the
brain, the cerebellum and brain stem were dissected from the forebrain. The hemispheres were
separated by a midline incision and then weighed on a high precision balance (sensitivity
±0.001g). Damage is expressed as the percent reduction in weight of the ipsilateral hemisphere
compared to the contralateral hemisphere.

4.4 Histology
The pups (under deep anesthesia) were transcardially perfused with ice-cold PBS followed by
phosphate buffered formalin (Fisher Scientific, Cat #245-684). The whole brain was
subsequently removed and immersed in the same fixative for 12 hours. After removal of
paraformaldehyde the brains were cryoprotected and then rapidly frozen by 2-methylbutane
chilled in liquid nitrogen. Coronal brain sections with 10μm thickness at the level of the striatum
were prepared using a cryostat and mounted on poly-l-lysine-coated slides (Richard-Allan
Scientific). Nissl stain followed standard protocols (Calvert et al., 2002).
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4.5 Immunohistochemistry
Immunohistochemical analysis followed standard protocols as described elsewhere (Hayashi
et al., 2005). The diaminobenzidine (DAB) staining method (ABC Staining Kit, Santa Cruz
Biotech, Santa Cruz, CA) was used for detection of cleaved caspase 3 immunohistochemistry.
Terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling
immunohistochemistry (TUNEL) staining using DAB substrate was performed per
manufacturer's instructions using an in situ cell death detection kit (Roche Diagnostic,IN).
Antibodies included rabbit anti-cleaved caspase-3 (1:200) (Cell Signaling Technology, MA),
and appropriate secondary anti-rabbit antibodies (1:200) (Santa Cruz Biotech, Santa Cruz CA).

Immunofluorescence analysis followed standard protocols (Hayashi et al., 2005). Antibodies
included rabbit anti-G-CSF-Receptor (1:200) (G-CSFR), mouse anti-STAT3 (1:200), goat
anti-MAP-2 (1:200), goat anti-Pim-1 antibody (1:200), (Santa Cruz Biotech), mouse anti-
NeuN antibody (1:400) (CHEMICON International, CA), and appropriate secondary
antibodies (1:200) (Jackson Immunoresearch, PA).

4.6 Western blot
The ipsilateral middle cerebral artery (MCA) perfusion region was separated from the rest of
the brain (Shimamura et al., 2006), and nuclear, mitochondrial, and cytosolic fractions were
prepared for Western blot using techniques described previously (Matsumori et al., 2005).
Briefly, whole-cell lysates were obtained by gently homogenizing the brain sample with a
homogenizer in 5 volumes of buffer A (20mM HEPES, 1.5mM MgCl2, 10mM KCl,
1mMEDTA,1mM EGTA, 250mM sucrose, 0.1mM PMSF 1mM dithiothreitol (DTT) and
proteinase inhibitor cocktail tablets; pH 7.9). Samples were further centrifuged at 750g at 4°C
for 15 minutes to separate the sample into supernatant A and pellet A. Pellet A, containing the
nuclear fraction, was resuspended in 90μl of buffer B (20mM HEPES, 1.5mM MgCl2, 20mM
KCl, 0.2mMEDTA,0.5mM EGTA, 0.2mM PMSF 0.5mM dithiothreitol (DTT) and proteinase
inhibitor cocktail tablets; pH 7.9) and mixed with 30μl of buffer C (20mM HEPES, 1.2M KCl,
0.2mM EDTA , 0.2mM PMSF 0.5mM dithiothreitol (DTT) and proteinase inhibitor cocktail
tablets; pH 7.9). The samples were placed on ice for 30 minutes during the extraction and then
centrifuged at 12,000g. Supernatants containing the nuclear fraction were transferred and
stored at −70°C. Supernatant A, containing cytosolic/mitochondrial protein, was further
centrifuged at 16,000g for 30min at 4°C to separate supernatant B from pellet B. Supernatant
B was used as the cytosolic fraction and pellet B was used as the mitochondrial fraction after
resuspension in buffer A. Protein concentrations were then determined by the DC protein assay
(Bio-rad, Hercules, CA).

Fifty (50) μg of protein was loaded into each lane of an appropriate SDS-PAGE gel (Bio-rad),
and proteins were transferred onto nitrocellulose membranes (Bio-rad). The membranes were
blocked with non- fat milk and then incubated with the primary antibodies which included
mouse anti-STAT3 (1:200), goat anti-Pim-1 (1:200), rabbit anti-Bcl-2 (1:500), mouse anti-Bax
(1:1000) (Santa Cruz Biotechnology, CA), rabbit anti-cleaved caspase-3 (1:1000) (Cell
Signaling Technology, MA), goat anti-β-actin antibody (Santa Cruz Biotechnology, CA),
rabbit anti-Histone H1 antibody (1:500) (Santa Cruz Biotechnolgy, CA), mouse anti-COX IV
(1:2000) (Abcam, MA). After incubation with the appropriate horseradish peroxidase-
conjugated secondary antibody (1:2000) (Santa Cruz Biotechnology, CA) for 2 hours at room
temperature, immunoreactive bands were visualized in the linear range with the enhanced
chemiluminescence ECL Western blotting system (ECL Plus Western blotting Detection
Reagents). Quantitative evaluation of Western blot was performed using a computerized digital
image system (Image J), and values are expressed relative to Control and an appropriate
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compartment-specific intracellular protein (cytosolic β-actin, mitochondrial COX IV, or
nuclear Histone H1).

4.7 Statistical Analysis
Results are expressed as mean ± standard deviation (SD) and comparisons were made between
the different groups using one-way analysis of variance (ANOVA) supported by Sigma Stat
(Systat Software, Port Richmond, CA), with p<0.05 considered statistically significant.
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Figure 1.
Brain weight. (A) brain weight expressed as a percentage (ipsilateral hemisphere/contralateral
hemisphere) at 1, 2, and 3 weeks after HI. Data are mean ± SD of 12 or 13 pups in each group.
On Analysis of Variance (ANOVA), p< 0.05 for both # and * when compared to Group C and
HI respectively. (B) Representative pictures of brains taken from Groups C, HI and HI+G 3
weeks after hypoxia-ischemia. The lateral view of the ipsilateral hemisphere at 3 weeks shows
that HI leads to a significant loss of brain tissue, and that G-CSF treatment is associated with
statistically significant improvements in gross brain weight.
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Figure 2.
Photomicrographs of Nissl stained brain sections demonstrate qualitative reduction in damage
in group HI+G in a variety of brain regions including the MCA supplied core area (panels
d,e,f), ACA-MCA peri-infarct area (panels a,b,c), MCA-PCA peri-infarct area (panels g,h,i)
and striatum (panels j,k,l) from C group (panels a,d,g,j), HI group (panels b,e,h,k), and HI+G
(panels c,f,i,l) 24 hours after neonatal hypoxia-ischemia (Scale bar = 200μm). The topmost
figure depicts the regions of interest. The insets in all panels depict brain tissue at higher
magnification (Scale = 100μm). The arrows indicate shrunken and damaged neurons.
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Figure 3.
G-CSF receptor (G-CSFR) is expressed in the neonatal rat brain neurons after hypoxia-
ischemia. Double immunofluorescence photomicrographs (n=4) of NeuN immunoreactivites
(red, neuronal marker, panels a,d), G-CSFR immunoreactivites (green, panels b,e) and their
merged images (panels c,f) from brain sections taken from the peri-infarct area at 24hr after
hypoxia-ischemia at high magnification (x100, Scale bar 10μm, panels a,b,c) and low
magnification (x20, Scale bar 20μm, panels d,e,f). The top left picture with denotes the region
of interest. The insets show respective immunoreactivities from Group C.

Yata et al. Page 12

Brain Res. Author manuscript; available in PMC 2008 May 11.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Apoptotic cell death after neonatal HI. A. representative photomicrographs of TUNEL stained
brain sections and cleaved caspase-3 stained sections from the peri-infarct zone demonstrate
fewer markers of apoptotic cell death in group HI+G compared to group HI 24 hours after
hypoxia-ischemia. Scale bar = 200μm. B. Western blot for cleaved caspase-3 protein
expression demonstrates less cleaved caspase-3 in group HI+G compared to group HI 24 hours
after hypoxia-ischemia. The lower panel depicts cleaved caspase-3 protein expression
measured by densitometry analysis. Values represent mean ± S.D. with 5 samples in C group
and 8 samples in HI, HI+G group each, expressed as percent change over control group. On
ANOVA, p< 0.05 for # when compared to Group C. O.D., optical density.
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Figure 5.
Bcl-2 and Bax expression. A. Group HI+G demonstrated increased levels of Bcl-2 in
mitochondrial fractions compared to group HI 24 hours after hypoxia-ischemia. B. Group HI
+G demonstrated reduced levels of Bax in mitochondrial fractions compared to group HI 24
hours after hypoxia-ischemia. For both A and B values represent mean ± S.D. with 5 samples
in C group and 8 samples in HI, HI+G group each, expressed as percent change over control
group. On ANOVA, p< 0.05 for both # and * when compared to Group C and HI, respectively
(ANOVA). O.D., optical density. The Nissl stained photomicrograph depicts the area of
interest.
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Figure 6.
A. G-CSF treatment was associated with increased nuclear expression of STAT3 on Western
blot analysis 24 hours after hypoxia-ischemia. Values represent mean ± S.D. with 5 samples
in C group and 8 samples in HI, HI+G group each, expressed as percent change over control
group. On ANOVA, p< 0.05 for both # and * when compared to Group C and HI, respectively
(ANOVA). O.D., optical density. The Nissl stained photomicrograph depicts the area of
interest. B. Double immunofluorescence for STAT3 and MAP-2 (a marker of neurons)
demonstrated expression of STAT3 by neurons in the peri-infarct region 24 hours after
hypoxia-ischemia. Panels a-f, low magnification ×20, Scale bar = 50μm. Panels g-i, high
magnification, ×100, Scale bar = 10μm.
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Figure 7.
A. G-CSF treatment was associated with significantly increased expression of Pim-1 on
Western blot analysis 24 hours after hypoxia-ischemia. values represent mean ± S.D. with 5
samples in C group and 8 samples in HI, HI+G group each, expressed as percent change over
control group. On ANOVA, p< 0.05 for both # and * when compared to Group C and HI,
respectively. O.D., optical density. The Nissl stained photomicrograph depicts the area of
interest. B. Double immunofluorescence for STAT3 and Pim-1 demonstrated coexpression of
these two proteins 24 hours after hypoxia-ischemia, with qualitative increased expression in
group HI+G. Panels a-f, low magnification ×20, Scale bar 50μm. Panels g-i, high magnification
×100, Scale bar = 10μm.
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