
Granulocyte-Macrophage Colony-Stimulating Factor Antibody]
Suppresses Microglial Activity: Implications for Anti-
inflammatory Effects in Alzheimer's Disease and Multiple
Sclerosis

P. Hemachandra Reddy1,2, Maria Manczak1, Wei Zhao1, Kazuhiro Nakamura3, Christopher
Bebbington4, Geoffrey Yarranton4, and Peizhong Mao1

1 Neurogenetics Laboratory, Division of Neuroscience, Oregon National Primate Research
Center, Oregon Health & Science University, 505 NW 185th Avenue, Beaverton, OR 97006
2 Department of Physiology and Pharmacology, Oregon Health & Science University, 3181 SW
Sam Jackson Park Road, Portland, OR 97239
3 Central Autonomous Regulatory Laboratory, Division of Neuroscience, Oregon National Primate
Research Center, Oregon Health & Science University, 505 NW 185th Avenue, Beaverton, OR
97006
4 KaloBios Pharmaceuticals Inc., 260 E. Grand Avenue, South San Francisco, CA 94080

Abstract
The objective of our study was to determine GM-CSF activity in the brain following GM-CSF
induction. We injected recombinant mouse GM-CSF into the brains of 8-month-old C57BL6 mice
via intracerebroventricular injections and studied the activities of microglia, astrocytes, and
neurons. We also sought to determine whether an anti-GM-CSF antibody could suppress
endogenous microglial activity in the C57BL6 mice and could also suppress microglial activity
induced by the recombinant mouse GM-CSF in another group of C57BL6 mice. Using
quantitative real-time RT-PCR, we assessed microglial, astrocytic, and neuronal activity by
measuring mRNA expression of pro-inflammatory cytokines, GFAP, and the neuronal marker
NeuN in the cerebral cortex tissues from C57BL6 mice. We performed immunoblotting and
immunohistochemistry of activated microglia in different regions of the brains from control (PBS-
injected C57BL6 mice) and experimental mice (recombinant GM-CSF-injected C57BL6 mice,
GM-CSF antibody-injected C57BL6 mice, and recombinant mouse GM-CSF plus anti-GM-CSF
antibody-injected C57BL6 mice). We found increased mRNA expression of CD40 (9.75 fold),
TNFα (2.1 fold), CD45 (1.73 fold), and CD11c (1.70 fold) in the cerebral cortex of C57BL6 mice
that were induced with recombinant GM-CSF, compared to control mice. Further, the anti-GM-
CSF antibody suppressed microglia in mice that were induced with recombinant GM-CSF. Our
immunoblotting and immunohistochemistry findings of GM-CSF associated cytokines in C57BL6
mice induced with recombinant GM-CSF, in C57BL6 mice injected with the anti-GM-CSF
antibody, and in C57BL6 mice injected with recombinant mouse GM-CSF plus anti-GM-CSF
antibody concurred with our real-time RT-PCR findings. These findings suggest that GM-CSF is
critical for microglial activation and that anti-GM-CSF antibody suppresses microglial activity in
the CNS. The findings from this study may have implications for anti-inflammatory effects of
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Alzheimer's disease (AD) and experimental autoimmune encephalomyelitis mice (a multiple
sclerosis mouse model).

Introduction
The granulocyte-macrophage colony-stimulating factor (GM-CSF), a monomeric
glycoprotein secreted by activated vascular endothelial cells, is a hematopoietic factor and
an inflammatory cytokine that is expressed in a wide variety of cells, including T-cells,
monocytes, macrophages, fibroblasts, and endothelial cells (Whetton and Dexter 1989;
Fleetwood et al. 2005; Hamilton 2008; Hamilton 2002; Franzen et al. 2004). GM-CSF
stimulates the proliferation and maturation of myeloid progenitors, precursors of
neutrophils, monocytes, macrophages, and eosinophils. GM-CSF receptors are present in
haematopoietic cells of the peripheral nervous system; in microglia, astrocytes, and
oligodendrocytes; and, to a lesser extent, in neurons of the central nervous system (CNS)
(Sawada et al. 1993). Astrocytes are the unique source of GM-CSF. Importantly, GM-CSF
regulates the functions of microglia via several cytokines (Malipiero et al. 1990). GM-CSF
modulates the function of glial cells and contributes to a unique cytokine network in the
CNS. GM-CSF is reported to cross the blood-brain, blood-spinal cord, and blood-testis
barriers (McLay et al. 1997; McLay et al. 1997).

The activation of GM-CSF is related to inflammatory responses, such as injury to the CNS
(Frazen et al. 2004; Hamilton 2008). Injury to the CNS leads to complex inflammatory
responses involving an influx of blood-derived monocytes and macrophages, and the
activation of astrocytes and microglia. These events are mediated by the release of pro-
inflammatory cytokines. Microglial activation is a key cellular response in many infectious,
inflammatory, traumatic, neoplastic, ischaemic, and degenerative disease conditions in the
CNS, such as Alzheimer's disease (AD) and multiple sclerosis (MS) (Manczak et al. 2009,
Mao and Reddy 2009).

GM-CSF is involved in several important and beneficial cellular functions (Fleetwood et al.
2005). GM-CSF induces, proliferates, and changes microglial morphology; it is these
microglial cells that are involved in removing myelin debris after CNS injury. GM-CSF is
one of the key factors promoting axonal regeneration. GM-CSF activates and proliferates
microglial cells, which in turn helps to successfully repair injured axons. It has been
reported that 3 to 4 weeks after spinal cord injury, the deactivation of macrophages
coincides with the involution of spontaneous axonal regeneration (Brooks et al. 1998). In
addition, GM-CSF has been found to display a neurotrophic action by stimulating the
growth of neurites in cultures (Kannan et al. 2000). Further, GM-CSF may influence the
survival and functioning of neighboring neurons (Giulian et al. 1994; Franzen et al. 2004).
Secreted by activated vascular endothelial cells, GM-CSF acts as an anti-apoptotic factor
that delays cell death from recruited neutrophils (Franzen et al. 2004, Schäbitz et al. 2008).

In contrast to the positive effects of GM-CSF activation, GM-CSF activation is responsible
for the excessive production of reactive glial cells, astrocytes, and microglia (Franzen et al.
2004), all of which are considered to be barriers to axonal regeneration and neuroprotection
(Franzen et al. 2004). GM-CSF regulates the composition of the glial scar, which is a
reactive cellular process involving astrogliosis that occurs after injury to the CNS. As a pro-
inflammatory cytokine, GM-CSF is considered to be a critical mediator in the development
of chronic inflammation.

Several recent studies found increased levels of GM-CSF in the cerebrospinal fluid of AD
patients (Tarkowski et al. 2001 and 2003), which may be due to the pathophysiology of AD,
which involves inflammatory responses (Banati and Beyreuther 1995; McGeer and McGeer
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2003). Proliferations of reactive astrocytes and microglia have also been observed in brains
of AD patients (McGeer and McGeer 2003) and AD transgenic mice (Mehlhorn et al. 2000;
Apelt et al. 2001; Matsuoka et al. 2001; Abbas et al. 2002; Wirths et al. 2008; Maier et al.
2008; Manczak et al. 2009). Furthermore, AD transgenic mice lines that over-express APP
and amyloid beta (Aβ) have been found to exhibit significant cerebrovascular inflammation
and microgliosis around areas of Aβ plaque deposition (Frautschy et al. 1998; Stalder et al.
1999; Wegiel et al. 2001). In AD patients, GM-CSF levels were correlated with Fas/APO-1
and Tau concentrations, suggesting a role for GM-CSF in neuronal damage and apoptosis.

GM-CSF is a cytokine that also functions as a white blood-cell growth factor. GM-CSF
stimulates stem cells to produce granulocytes – neutrophils, eosinophils, and basophils and
monocytes. Monocytes exit the circulating blood and migrate into tissue where they mature
into macrophages. Monocytes are, thus, part of the immune/inflammatory cascade, in which
the activation of a small number of macrophages can rapidly lead to an increase in numbers
– an important process in fighting infection in AD patients.

Even though GM-CSF is known to play a role in inflammatory responses in the CNS and is
known to impair cellular functions, current knowledge of GM-CSF, particularly its
mechanism of functioning is still not clear. Further, the precise connection between the GM-
CSF induction of microglia and the types of inflammatory cytokines that are activated in the
CNS upon GM-CSF induction are not fully understood. In addition, it is still unclear
whether an anti-GM-CSF anti-mouse antibody can suppress excessive microglia in the CNS.
The objective of our study was to determine activity in the brain of C57BL6 mice (a well-
studied mouse strain for several human diseases) upon GM-CSF induction. We investigated
the following in the present study: 1) We induced recombinant mouse GM-CSF by injecting
recombinant mouse GM-CSF into the brains of 8-month-old C57BL6 mice via
intracerebroventricular (ICV) injections and studied the activities of microglia, astrocytes,
and neurons. 2) We also investigated whether the anti-GM-CSF antibody could suppress
endogenous microglial activity in C57BL6 mice and microglial activity induced by
recombinant GM-CSF in the brains of C57BL6 mice. 3) We assessed microglial, astrocytic,
and neuronal activity by measuring mRNA expression of cytokines, GFAP, and neuronal
markers (NeuN) using Sybr-Green chemistry-based quantitative real-time RT-PCR in the
cerebral cortex tissues of C57BL6 mice. 4) We also conducted immunoblotting analysis in
order to determine protein levels of cytokines are affected by recombinant GM-CSF and
anti-GM-CSF antibody. 5) We also performed immunohistochemistry of activated
microglial markers, and astrocytes, in the brains from all animals studied.

Materials and Methods
The C57BL6 mice

Twenty, 8-month-old C57BL6 male mice (25 to 40 grams) were purchased from Taconic
Farms (New York, NY) and housed at the animal facility of the Oregon National Primate
Center at Oregon Health & Science University (OHSU). We divided the mice into 4 groups:
3 experimental and 1 control (n = 5 per group) (see Table 1). The OHSU Institutional
Animal Care and Use Committee approved all procedures for animal care according to
guidelines set forth by NIH.

The recombinant mouse GM-CSF and anti-mouse GM-CSF antibody
The recombinant mouse GM-CSF antigen was purchased from Thermo Scientific (Waltham,
MA), and the anti-GM-CSF antibody was supplied by KaloBios Pharmaceuticals (Palo Alto,
CA). The GM-CSF antibody was originally developed from a murine hybridoma elicited
from a rat immunized with a purified, recombinant mouse GM-CSF antigen.
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The reagents for real-time RT-PCR analysis
RNA isolation and cDNA synthesis reagents, including TriZol, reverse transcriptase
superscript, and other chemicals, were purchased from Invitrogen (Carlsbad, CA), and real-
time RT-PCR reagents were purchased from Applied Biosystems (Foster City, CA). Using
primer express Software (Applied Biosystems), we designed the oligonucleotide primers for
the housekeeping genes β-actin; the mitochondrial-encoded gene NDAH-subunit 1; the
cytokines TNFα, IL1β, IL6, gp91, CD11b, CD11c, CD40, CD45, and MHCII; the astrocytic
marker GFAP; and the neuronal marker NeuN. The primer sequences and amplicon sizes are
listed in Table 2.

Optimization of the recombinant mouse GM-CSF and anti-GM-CSF antibody
It has been suggested that microglia can be induced in rodent brains through the
administration of 10 to 50 units GM-CSF (Giulian et al. 1988). Further, we had previously
optimized recombinant mouse GM-CSF in C57BL6 mice by injecting GM-CSF in a range
of 10 to 50 units, and found a maximum microglial induction at 30 units without side and
adverse effects (data not shown). Beyond 50 units, however, the C57BL6 mice died within
48 hrs. As shown in Table 1, we injected 30 units GM-CSF into the brains of C57BL6 mice
using stereotaxic intracerebroventricular (ICV) injections. To determine whether the GM-
CSF antibody could suppress endogenous glial activity and microglia (induced by
recombinant mouse GM-CSF), we injected 11 μg anti-GM-CSF anti-mouse antibody (Table
1) using stereotaxic ICV injections.

Intracerebroventricular injections
To inject the PBS vehicle, the recombinant mouse GM-CSF, and/or the GM-CSF antibody,
we performed survival surgeries for all animals. For injections of the recombinant mouse
anti-GM-CSF antibody into brain, the animals were anesthetized with 7% chloral hydrate
(280 mg/kg) using IP injections. The fur was shaved, and animal was placed in a stereotactic
apparatus with a mouse adaptor. A small burr whole was made in the skull overlying the
lateral ventricle. As shown in Table 1, the following were injected into the lateral ventricle
of the C57BL6 mouse brains in each experimental and control groups, through a 33-gauge
injector attached to a 10-microliter Hamilton syringe (Hamilton Co., Reno NV): 7 μl PBS
vehicle (in control C57BL6 mice - group 1) 30 units recombinant mouse GM-CSF (in
experimental mice - group 2), 11 μg GM-CSF antibody (in experimental mice - group 3),
and 30 units recombinant mouse GM-CSF plus 11 μg anti-GM-CSF anti-mouse antibody (in
experimental mice -group 4). We previously tested the total volume of PBS vehicle or
mouse GM-CSF and/or GM-CSF antibody integration into the brains of the C57BL6 mice,
and found that up to 7 μl of GM-CSF can be easily integrated into their brains. Thus, we
used 7 μl of GM-CSF in our experiments.

The recombinant GM-CSF injection was administered over 5 min, after which the cannula
was left in place for an additional 5 min to allow for diffusion. The incision was then closed
with sutures or surgical staples, and was covered with Xylocaine. Mice were placed in
individual cages, kept warm, and carefully monitored during recovery. Five days after the
ICV injections, the mice were sacrificed by cervical dislocation since maximum
immunoreactivity of microglia was reported at 4-5 days after GM-CSF induction (Raivich et
al. 1991). The brains were collected from all animals, and the cerebral cortex and
cerebellum/brainstem were dissected from each brain.
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Quantification of mRNA expression of cytokines and neuronal markers using real-time RT-
PCR

Total RNA was isolated from dissected cerebral cortex tissues from each group of
experimental and control mice using the TriZol reagent (Invitrogen, Carlsbad, CA). As
shown in Table 2, mRNA expression of several cytokines, GFAP, and neuronal markers was
measured using SYBR-Green chemistry-based quantitative real-time RT-PCR, as described
by Manczak et al. (2004). Briefly, 1 μg of DNAse-treated total RNA was used as starting
material, to which we added 1 μl of oligo (dT), 1 μl of 10 mM dNTPs, 4 μl of 5× first strand
buffer, 2 μl of 0.1 M DTT, and 1 μl of RNAse out. The reagents RNA, oligo (dT), and
dNTPs were mixed first, heated at 65 °C for 5 min, and then chilled on ice until other
components were added. The samples were incubated at 42 °C for 2 min. Then 1 μl of
Superscript II (40 U/μl) was added, and the samples were incubated at 42 °C for 50 min. The
reaction was inactivated by heating at 70 °C for 15 min.

Quantitative real-time PCR amplification reactions were carried out in an ABI Prism 7900
sequence detection system (Applied Biosystems), in a 25-μl volume of total reaction
mixture. The reaction mixture consisted of 1× PCR buffer containing SYBR-Green; 3 mM
MgCl2; 100 nm of each primer; 200 nm each of dATP, dGTP, and dCTP; 400 nm of dUTP;
0.01 U/μl of AmpErase UNG; and 0.05 U/μl of AmpliTaq Gold. Fifty ng cDNA template
was added to each reaction mixture.

To determine the unregulated endogenous reference gene in C57BL6 mice, the CT-values of
β-actin and the NADH-subunit (mitochondrial-encoded gene) were tested. In this case, the
CT-value was the cycle number at which the fluorescence generated within the reaction
crossed the threshold within the linear phase of the amplification profile. The CT-value is an
important quantitative parameter in real-time PCR analysis (Gutala and Reddy 2004;
Manczak et al. 2004). All reactions were carried out in duplicate with no template control.
The PCR conditions were: 50 °C for 2 min, 95 °C for 10 min, followed by 40 cycles of 95
°C for 15 s, and 60 °C for 1 min. The fluorescent spectra were recorded during the
elongation phase of each PCR cycle. To distinguish specific amplicons from non-specific
amplifications, a dissociation curve was generated. The CT-values were calculated with
sequence-detection system (SDS) software V1.7 (Applied Biosystems) and an automatic
setting of base line, which was the average value of PCR, cycles 3–15, plus CT generated 10
times its standard deviation. The amplification plots and CT-values were exported from the
exponential phase of PCR directly into a Microsoft Excel worksheet for further analysis.

The mRNA transcript level was normalized against β-actin and the mitochondrial-encoded
complex I gene NADH-subunit 1 at each dilution. The standard curve was the normalized
mRNA transcript level plotted against the log-value of the input cDNA concentration at each
dilution. To compare β-actin, the NADH-subunit 1, and cytokine markers, relative
quantification was performed according to the CT method from Applied Biosystems
(Manczak et al. 2004, 2009). Briefly, the comparative CT method involved averaging
duplicate samples which were taken as the CT values for β-actin, the NADH-subunit 1, and
cytokine markers. We used β-actin normalization in the present study because β-actin CT
values were similar for the control mice, the recombinant GM-CSF-injected C57BL6 mice,
and the anti-GM-CSF antibody-injected C57BL6 mice. The ΔCT-value was obtained by
subtracting the average β-actin CT value from the average CT-value of cytokine markers. We
used the average ΔCT of 5 animals as the calibrator. The fold change was calculated
according to the formula 2−(ΔΔCT

), where ΔΔCT was the difference between ΔCT and the
ΔCT calibrator value.
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Immunoblotting analysis of microglial markers
To determine whether the GM-CSF antibody suppresses the protein levels of microglial
markers that showed decreased mRNA expression in our real-time RT-PCR, we studied
immunoblotting analysis of protein lysates from mice injected with PBS (control), mice
injected with recombinant GM-CSF, mice injected with GM-CSF antibody, and mice
injected with recombinant GM-CSF plus the GM-CSF antibody. Twenty mg protein lysate
from cerebral cortex was resolved on a 12% SDS-PAGE gel, and the resolved proteins were
transferred to nylon membranes (Novax Inc., San Diego, CA, USA) that were then
incubated at room temperature with a blocking buffer (5% dry milk dissolved in a TBST
buffer) for 1 h. The nylon membranes were incubated overnight with the primary antibodies
TNFα (1:200; mouse-monoclonal Abcam, Cambridge, MA), CD40 (1:600; rabbit-polyclonal
Abcam, Cambridge, MA), CD11c (1:500; rabbit-polyclonal Abcam, Cambridge, MA), and
β-actin (1:500; mouse-monoclonal Chemican-Millipore, Temicula, CA). The membranes
were washed with a TBST buffer 3 times at 10-min intervals and were then incubated with
appropriate secondary antibodies (anti-rabbit 1:10,000; β-actin, sheep-anti-mouse 1:10,000)
for 2 h, followed by washing again 3 times with a TBST buffer. Microglial proteins were
detected with chemiluminescent reagents (Pierce Biotechnology), and the bands from
immunoblots were quantified on a Kodak Scanner (ID Image Analysis Software, Kodak
Digital Science, Kennesaw, GA). Briefly, image analysis was used to analyze gel images
captured with a Kodak Digital Science CD camera. The lanes were marked to define the
positions and specific regions of the bands. ID fine-band command was used to locate the
bands in each lane, to scan the bands, and to record the readings.

Immunohistochemistry and immunofluorescence analysis of CD40, TNFα, and GFAP
To determine microglial activity in the brains of all 4 groups of mice as shown in Table 1,
we used immunohistochemistry and immunofluorescence analysis of most up-regulated
genes (CD40, TNFα, and GFAP) in 8-month-old C57BL6 mice injected with recombinant
GM-CSF relative to the age-matched PBS-injected mice in our real-time RT-PCR assay.
Briefly, we fixed the midbrain sections from the PBS-injected mice, the recombinant mouse
GM-CSF-injected mice, the anti-GM-CSF anti-mouse antibody-injected mice, and the
recombinant mouse GM-CSF plus anti-GM-CSF antibody-injected mice. We then incubated
the sections overnight with a CD40 antibody (rabbit-polyclonal 1:100; Abcam, Cambridge,
MA) and TNFα (rabbit-polyclonal 1:200; Abcam, Cambridge, MA), and GFAP (mouse
polyclonal 1:500; Abcam, Cambridge, MA) at room temperature, according to the
manufacturers' recommended dilutions. On the next day, we incubated the sections with
appropriate secondary antibodies conjugated with the HRP and further incubated the
tyramide-tagged fluorescent dye or Alexa 488 (green) or Alexa 594 (red) (Molecular Probes,
Eugene, OR) for 10 min at room temperature. Photographs were taken using a confocal
microscope.

To quantify the immunoreactivity of microglial marker CD40, for each animal 3 to 4
sections of the midbrain covering the hippocampus and cortex were stained as described
above, and quantified as follows: From immunostained sections, several photographs were
taken at 20× and at (the original) magnification covering different regions of the brain,
including cortex and hippocampus of the brain. The signal intensity of the positive
immunoreactive fluorescence of microglia was measured using the red-green and blue
(RGB) method (Wilcock et al. 2006; Manczak et al. 2009). We quantified the signal
intensity of immunoreactivity for several randomly selected images for each animal and
assessed statistical significance using a Student's T-test for each microglial marker between
control mice and experimental mice, as described in Table 1.
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Double-labeling analysis of CD40 and GFAP
To determine whether CD 40 is expressed in astrocytes, we performed double-labeling
immunohistochemistry and immunofluorescence analyses using an anti-CD40 polyclonal
antibody and an anti-GFAP monoclonal antibody. We fixed the midbrain sections with the
anti-CD40 antibody (rabbit-polyclonal 1:100) and incubated them overnight at room
temperature. On the next day, the sections were incubated with the HRP-labeled secondary
antibody for 1 hr and were then labeled with the tyramide-labeled fluorescent dye Alexa 484
(green) (Molecular Probes) for 10 min at room temperature. For the second labeling, the
sections were incubated overnight with the anti-GFAP antibody (monoclonal 1:500; Abcom,
Cambridge, MA). On the third day, the sections were incubated with a secondary antibody
conjugated with fluorescent dye Alexa 594 (red). Photographs were taken with a
fluorescence microscope.

Double-labeling analysis of TNFα and GFAP
To determine whether TNFα is expressed in astrocytes, we performed double-labeling
immunohistochemistry and immunofluorescence analyses using an anti-TNFα polyclonal
antibody and an anti-GFAP monoclonal antibody. We fixed the midbrain sections with anti-
TNFα antibody (rabbit-polyclonal 1:200) and incubated them overnight at room
temperature. On the next day, the sections were incubated with the HRP-labeled secondary
antibody for 1 hr and were then labeled with the tyramide-labeled fluorescent dye Alexa 594
(red) (Molecular Probes) for 10 min at room temperature. For a second labeling, the sections
were incubated overnight with the anti-GFAP antibody (monoclonal 1:500; Abcom,
Cambridge, MA). On the third day, the sections were incubated with the secondary antibody
conjugated with fluorescent dye Alexa 498 (green). Photographs were taken with a
fluorescence microscope.

Statistical considerations
Statistical analyses were conducted for immunoreactivity of the microglial marker CD40
between the control (C57BL6 mice injected with PBS) and experimental groups (C57BL6
mice injected with recombinant GM-CSF, C57BL6 mice injected with the GM-CSF
antibody, and C57BL6 mice injected with the recombinant GM-CSF plus the GM-CSF
antibody), using a Student's T-test.

Results
mRNA expression of cytokines in C57BL6 mice injected with recombinant mouse GM-CSF

The primary objective of this study was to assess microglial activation in the cerebral cortex
of 8-month-old C57BL6 mice by administering recombinant mouse GM-CSF into the brains
of mice via ICV injections and measuring mRNA expression of several cytokines using
quantitative real-time RT-PCR. As shown in Table 3, we found a 9.75-fold increase in
mRNA levels for CD40, followed by a 2.1-fold increase for TNFα, a 1.73-fold increase for
CD45, a 1.7-fold increase for CD11C, and a 1.22-fold increase for MHCII in the mice
injected with recombinant GM-CSF compared to the PBS vehicle-injected control mice. We
also found mRNA levels unchanged or slightly decreased for several other cytokine
markers, such as IL1, IL6, CD11b, and gp91, in the recombinant GM-CSF-injected C57BL6
mice compared to the PBS vehicle-injected control mice (Table 3). We found unchanged the
mRNA expression of NeuN in recombinant GM-CSF-injected mice compared to the PBS-
injected control mice, suggesting that recombinant GM-CSF does not affect neuronal
expression.
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mRNA expression of cytokines in C57BL6 mice injected with the anti-GM-CSF antibody
We determined whether the anti-GM-CSF antibody can suppress endogenous glial activity
in the brains of 8-month-old C57BL6 mice. As shown in Table 3, we found decreased
mRNA levels of IL1, IL6, gp91, CD11b, and MHCII in the anti-GM-CSF antibody-injected
mice compared to the control mice. However, mRNA levels were slightly increased for
CD40 (2.0-fold increase), CD11C (2.19-fold increase), and CD45 in the C57BL mice
injected with the anti-GM-CSF antibody compared to the control mice. We found
unchanged the mRNA expression of NeuN in the anti-GM-CSF antibody-injected C57BL6
mice compared to the control mice (Table 3), suggesting that the anti-GM-CSF antibody
does not affect neuronal expression. Overall, these observations suggest that the anti-GM-
CSF antibody suppresses endogenous microglial activity in the cerebral cortex of 8-month-
old C57BL6 mice.

mRNA expression of cytokines in C57BL6 mice injected with recombinant mouse GM-CSF
plus the anti-GM-CSF antibody

We determined whether the anti-GM-CSF antibody can suppress microglia induced by
recombinant GM-CSF. We administered recombinant GM-CSF with the anti-GM-CSF
antibody into the brains of C57BL6 the mice. Five days after the ICV injections, we
assessed the mRNA expression of microglial cytokines. Interestingly, we found normal or
decreased levels of CD40 (0.48 fold) in the recombinant GM-CSF plus anti-GM-CSF
antibody-injected mice compared to the control mice. Previously, we had found increased
levels of mRNA of CD40 (9.57 fold) in the C57BL6 mice induced with recombinant GM-
CSF, and we had found that the anti-GM-CSF antibody suppressed microglial activation
dramatically in C57BL6 mice that were injected with the recombinant GM-CSF and anti-
GM-CSF antibody (see Table 3). All of these results suggest that the anti-GM-CSF antibody
is a potent suppressor of activated microglia in the CNS. The anti-GM-CSF antibody also
decreased mRNA expression of other cytokines, such as TNFα, CD45, and MHCII, further
support for the anti-GM-CSF antibody suppressing microglial activity in the CNS.

We also found that mRNA expression of IL6 increased by 2.89 fold in the mice injected
with recombinant GM-CSF and the anti-GM-CSF antibody compared to the control mice,
indicating the combination recombinant mouse GM-CSF and the anti-GM-CSF antibody
may increase IL6 mRNA expression in the mouse brain.

Immunoblotting analysis of proteins of microglial markers
To determine whether the anti-GM-CSF antibody reduces protein levels of microglial
markers that are associated with GM-CSF in mice, we performed immunoblotting analysis
of markers of microglia, TNFα, CD40, and CD11c in protein lysates prepared from cerebral
cortices of mice injected with recombinant GM-CSF, mice injected with the anti-GM-CSF
antibody, mice injected with the recombinant GM-CSF and anti-GM-CSF antibody, and
PBS-injected control mice. As shown in Fig. 1 and Table 4, we found increased protein
levels for CD11c (by 48%), CD40 (by 38%), and TNFα (by 37%) in the C57BL6 mice
injected with recombinant GM-CSF compared to the control mice, suggesting that, in
C57BL6 mice, recombinant GM-CSF induces microglial proteins associated with GM-CSF.
These findings agreed with the results of our real-time RT-PCR and immunohistochemistry
analysis (below).

However, mice injected with recombinant GM-CSF plus the anti-GM-CSF antibody showed
decreased immunoblotting densitometry values compared to the immunoblotting
densitometry values of mice injected with recombinant GM-CSF, indicating that the GM-
CSF antibody is a potent suppressor of microglial activity (Table 4).
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Immunohistochemistry and immunofluorescence analyses of cytokines induced by
recombinant GM-CSF

To determine whether increased mRNA expression of cytokines translates to proteins, we
also conducted immunohistochemistry analysis of most of the up-regulated cytokines,
CD40, and TNFα in different regions of the mouse brains, in order to assess regional
differences of cytokine expression and microglial activity, if any, induced by recombinant
mouse GM-CSF. Immunohistochemistry and immunofluorescence analyses of CD40
revealed increased immunoreactivity in several brain regions, including the cerebral cortex
and hippocampus (Figs. 2 and 3) in mice injected with recombinant GM-CSF compared to
the control mice injected with PBS vehicle. Further, our data showing the increased
immunoreactivity of CD40 concurred with our real-time RT-PCR data (Table 3).

Our quantitative immunohistochemistry analysis of CD40 in the mice injected with
recombinant mouse GM-CSF and the PBS vehicle-injected control mice revealed
significantly increased GM-CSF immunoreactivity in the brain regions, including cortex and
hippocampus of mice (P<0.003) (Table 5), suggesting that recombinant mouse GM-CSF is a
potent inducer of microglia in mice. These observations agreed with real-time RT-PCR
(Table 3) and immunoblotting analysis (Fig. 1).

As shown in Fig. 4, we found increased immunoreactivity of TNFα in brains of C57BL6
mice injected with recombinant GM-CSF compared to the PBS vehicle-injected control
mice, indicating that recombinant GM-CSF is a potent inducer of microglia marked by
TNFα.

Immunohistochemistry and immunofluorescence analyses of cytokines suppressed by the
anti-GM-CSF antibody in C57BL6 mice

We investigated whether the anti-GM-CSF antibody can suppress endogenous microglial
activity in mice and whether it can suppress microglial activity induced by recombinant
mouse GM-CSF antigen in mice. We conducted immunohistochemistry and
immunofluorescence analysis of cytokines that showed decreased mRNA expression in our
real-time RT-PCR (Table 3), in mice injected with the anti-GM-CSF antibody.
Immunohistochemistry of CD40 and TNFα revealed decreased immunoreactivity in the
cerebral cortex and hippocampus of these mice (Figs. 2 and 3 for CD40, and TNFα for Fig.
4) compared to the control mice injected with PBS. These results are in agreement with
results from our real-time RT-PCR analysis, suggesting that the anti-GM-CSF antibody
suppresses endogenous microglial activity in different regions of the mouse brain.

Immunohistochemistry and immunofluorescence analyses of cytokines induced with
recombinant mouse GM-CSF and the anti-GM-CSF antibody in C57BL6 mice

We investigated whether the anti-GM-CSF antibody can suppress microglial activity
induced by the recombinant GM-CSF in the brains of mice. Our immunohistochemistry of
CD40 and TNFα revealed decreased immunoreactivity in the cerebral cortex and
hippocampus in mice treated with anti-GM-CSF antibody, and also in mice treated with
recombinant GM-CSF plus anti-GM-CSF antibody compared to mice induced with
recombinant GM-CSF (Figs. 2 and 3 for CD40 and Fig.4 for TNFα), suggesting that the
anti-GM-CSF antibody suppresses microglial activity induced by recombinant GM-CSF.

Immunohistochemistry and immunofluorescence analysis of GFAP
To determine recombinant GM-CSF activate astrocytes, we conducted
immunohistochemistry and immunofluorescence analyses of astrocytes in the brain sections
from C57BL6 mice induced with recombinant GM-CSF compared to other groups (Table 1).
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We found increased immunoreactivity of GFAP in several regions of the brains of mice
treated with GM-CSF (Fig. 5), suggesting that recombinant GM-CSF activates astrocytes.

Double-labeling analysis of CD40 and GFAP
To determine whether activated GFAP is localized to CD40, we performed double-labeling
analysis of CD40 and GFAP. We found activated astrocytes are mostly co-localized/co-
expressed with CD40 expression (Supplemental Figs. 1 and 2). We found CD40 expression
in several regions of the brain, including the cerebral cortex, hippocampus (image A of
Supplemental Fig. 1), and the mid brain (striatum; image A of Supplemental Fig. 2).
However, astrocytes were activated in the hippocampus and midbrain, and to a lesser extent
in the cerebral cortex (image B of supplemental Fig. 1) and in the midbrain regions,
including the striatum (image B of Supplemental Fig. 2). On high magnification, we found
that CD40 is mostly co-localized with astrocytes in the hippocampus (Fig. 6) and ventricles
(Fig. 7), suggesting that the induction of GM-CSF is activated by both CD40 and GFAP.
Our high magnification images also revealed that CD40 is expressed in pyramidal neurons
of hippocampus (Fig. 6).

Double-labeling analysis of TNFα and GFAP
To determine whether activated TNFα is localized to CD40, we performed double-labeling
analysis of TNFα and GFAP. We found increased GFAP expression in the hippocampus
(image B in Fig. 8); this increased GFAP was mostly co-localized with TNFα (image A in
Fig. 8). GM-CSF-induced TNFα was overexpressed in several regions of the brain,
including the cerebral cortex and the hippocampus (image A of Supplemental Fig. 3). Our
high magnification sections revealed TNFα co-localized with astrocytes in the hippocampus
(Fig. 9) and the cortex (Fig. 10), suggesting that the induction of GM-CSF is activated by
TNFα and GFAP, and TNFα expressed in astrocytes.

Discussion
The objective of this study was to determine microglial activity in the CNS of C57BL6 mice
after delivering GM-CSF directly into their brains. Using ICV injections, we successfully
injected the PBS vehicle, recombinant mouse GM-CSF, the anti-GM-CSF antibody, and the
recombinant mouse GM-CSF and anti-GM-CSF antibody into the brains of C57BL6 mice.
Using quantitative real-time RT-PCR, we assessed microglial activity by measuring mRNA
in several GM-CSF-associated cytokines. Further, we used immunoblotting,
immunohistochemistry, and immunofluorescence analyses of cytokines that were up-
regulated in our real-time RT-PCR assay. Using double-labeling analyses of most up-
regulated cytokines (CD40, TNFα, and GFAP), we determined co-expressions of CD40 and
TNFα in astrocytes, in brain sections from C57BL6 mice induced with mouse recombinant
GM-CSF. Our real-time RT-PCR assays revealed increased mRNA expression of CD40,
TNFα, CD45, and CD11C in the cerebral cortices of C57BL6 mice induced with
recombinant mouse GM-CSF. Our immunoblotting and immunohistochemistry findings
concurred with these real-time RT-PCR findings. Further, we found that the anti-GM-CSF
antibody suppressed both endogenous and GM-CSF-induced glial activity in the C57BL6
mouse brains.

Recombinant GM-CSF induces microglia in CNS
We found increased mRNA expression of CD40, TNFα, CD45, CD11C, and MHCII in the
cerebral cortices of the C57BL6 mice injected with recombinant mouse GM-CSF, compared
to the C57BL6 mice injected with PBS. There are few published studies that directly
investigated microglial induction using ICV injections of recombinant mouse GM-CSF into
C57BL6 mouse brains. However, Giulian et al. (1988) investigated the immunomodulators
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that alter brain inflammatory responses, following infusion of recombinant forms of GM-
CSF, multi-CSF, macrophage-CSF, and G-CSF into the cerebral cortex of rats. After a 48-hr
infusion, multi-CSF or GM-CSF stimulated the appearance of large numbers of
mononuclear phagocytes at the injection site and accelerated the clearance of polystyrene
microspheres from the brain. Giulian et al. concluded that some classes of
immunomodulators are potent mitogens and activators of microglia in the CNS. Findings
from our study support their observations.

Several other recent cell-culture studies also support our findings, that GM-CSF induction
can activate pro-inflammatory cytokines (Hornell et al. 2003; Yamanishi et al. 2007; Derigs
et al. 1994; Suh et al. 2005). Hornell et al. (2003) found increased expression of CD40 and
MHCII in primary human monocytes treated with GM-CSF for 24 to 48 hrs. Further,
increasing evidence suggests that CD45, a transmembrane protein tyrosine phosphatase, is
an important modulator of macrophage activationref. Microglia, which are resident brain
macrophages, have been found to express CD45 and to proliferate under pathologic and
GM-CSF-induced conditions (Cosenza et al. 2002; Masliah et al. 1991). Transition needed
here Our present study also supports the hypothesis that GM-CSF is a potent inducer of
microglia, as evidenced by the increased expression of CD45 in the CNS that we found.

In addition, Dergis et al. (1994) reported that the promoter of the GM-CSF gene is a critical
factor for increased TNFα expression in the CNS, and they speculated that GM-CSF
induction would increase TNFα expression in general and in the CNS, in particular, which
we observed in our present study (Table 3). Recently, Suh et al. (2005) reported that the
inhibition of GM-CSF reduces microglial activation and proliferation in cell cultures. This
observation further supports our real-time RT-PCR findings of cytokines (Table 3) and the
view that GM-CSF is critical for microglial activation.

Further, our quantitative immunohistochemistry analysis of CD40 in C57BL6 mice injected
with recombinant mouse GM-CSF compared to C57BL6 mice injected with PBS (control
mice) revealed that CD40 immunoreactivity in the brains of C57BL6 mice injected with
GM-CSF was significantly increased (P<0.003), suggesting that recombinant GM-CSF is a
potent inducer of microglia in C57BL6 mice.

GM-CSF antibody suppresses microglia
We found decreased mRNA expression of gp91, CD11b, and MHC II in the cerebral
cortices of the C57BL6 mice that we had injected with the GM-CSF antibody, compared to
the C57BL6 mice injected with PBS. Further, we also found decreased mRNA expression of
TNFα, gp91, CD11c, MHCII in C57BL6 mice injected with the recombinant GM-CSF plus
the GM-CSF antibody, compared to C57BL6 mice injected with PBS vehicle. These
findings suggest that the GM-CSF antibody suppresses the microglial activation in brains of
C57BL6 mice. These observations are supported by a recent study of Manczak et al. 2009.
Manczak and colleagues found decreased levels of microglial mRNA expression and Aβ
deposits in 10-month-old AD transgenic mice (Tg2576 mouse line) injected with the anti-
GM-CSF anti-mouse antibody, compared to PBS vehicle-injected Tg2576 control mice,
suggesting that the anti-GM-CSF antibody suppresses excessive microglial activity. That
anti-GM-CSF antibody may be a potent suppressor of activated microglia in the CNS is
suggested by our findings that anti-GM-CSF antibody suppresses excessive microglial
activity in the CNS. The present study findings together with our previous observations
suggest that anti-GM-CSF antibody may have some therapeutic implications as an anti-
inflammatory in AD patients (Manczak et al. 2009).
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GM-CSF induction and CD40 and TNFα expression in CNS of C57BL6 mice
We found increased expression of CD40 in 8-month-old C57BL6 mice induced by mouse
recombinant GM-CSF. Our double-labeling analysis of CD40 and GFAP revealed CD40
expressed in astrocytes (Figs. 6 and 7), suggesting that GM-CSF induction is activated by
astrocytes. We also found CD40 expression in hippocampal pyramidal neurons indicating
that GM-CSF induction activates CD40 expression in neurons as well. Overall, our present
study findings suggest that GM-CSF induction increases CD40 expression in astrocytes,
microglia and also in neurons. However, as discussed above, the GM-CSF antibody is
capable of suppressing GM-CSF associated with microglial and astrocytic expressions in the
CNS of C57BL6 mice.

TNFα is pro-inflammatory cytokine that is expressed in microglia, in astrocytes, and to
some extent, in neurons (Ignatowski et al. 1996; Takei and Luskey 2008). We found
increased expression of TNFα in 8-month-old C57BL6 mice induced with mouse
recombinant GM-CSF (Table 3). Our double-labeling analysis of TNFα and GFAP revealed
TNFα co-expressed in astrocytes (Fig. 8), suggesting that GM-CSF induction is activated by
TNFα marked by microglia and astrocytes.

GM-CSF activation and neuronal change
Our present study findings suggest that GM-CSF induction increases the production of
microglia (marked by TNFα, CD40) and astrocytes. These increased productions of
microglia and astrocytes develop chronic inflammation in CNS. In CNS diseases, such as
AD, increased production of microglia and astrocytes were reported to increase
inflammation, neuronal damage, and ultimate neuronal loss (Wyss Coray 2006).

On the contrary, GM-CSF activation is involved in several cellular functions and beneficial
effects, including axonal regeneration, removing myelin debris (after CNS injury), actions of
neurotrophic factors and anti-apoptosis (Kannan et al. 2000). Giulian et al. 1994; Franzen et
al. 2004). However, hyperactivation of GM-CSF is harmful to the neurons.

GM-CSF and implications to Alzheimer's disease and Multiple Sclerosis
The present study findings suggest that GM-CSF activate microglia and astrocytes that
ultimately leads to the development of chronic inflammation in CNS. Further, increasing
evidence suggests that GM-CSF activation is involved in AD pathogenesis (Tarkowski et al.
2001, 2005; Manczak et al. 2009). In addition, present study findings also suggest that anti-
GM-CSF antibodies suppress microglial and astrocytic activation in CNS. In support of this
observation, in a recent study of the anti-GM-CSF antibody using AD transgenic mice
(Tg2576 line), we found decreased levels of Aβ deposits and microglial mRNA expression
in 10-month-old Tg2576 mice injected with the anti-GM-CSF antibody, compared to the
PBS vehicle-injected Tg2576 control mice (Manczak et al. 2009), suggesting that the anti-
GM-CSF antibody suppresses excessive microglial activity, Aβ deposits associated with
GM-CSF, and other pro-inflammatory cytokines. (Manczak et al. 2009). Overall, findings of
this present study together with our earlier study (by Manczak et al. 2009) suggest that GM-
CSF is involved in inflammation in CNS, and suppression of excessive microglial activation
may have therapeutic implications to AD.

It has been reported that GM-CSF-deficient mice are resistant to experimental autoimmune
encephalomyelitis (EAE) following immunization with myelin self-Ag (Stanley et al. 1995).
Further, recently, Ponomarev et al. (2007) investigated the cellular source of the GM-CSF
and found that GM-CSF production by encephalitogenic T cells (but not by other peripheral
cells) is required for EAE induction. They also found that microglial cell activation is a GM-
CSF-dependent process. Activation of microglial cells through the injection of
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lipopolysaccharid abrogated the GM-CSF requirement for EAE induction, suggesting that
microglial cell activation is required for EAE onset. In our ongoing study of GM-CSF
knockout mice and MOG induction, we found GM-CSF knockout mice are resistant to
develop EAE, indicating that GM-CSF is critical for the development of EAE (unpublished
observations, Reddy et al) Overall, these observations, suggest that suppression of excessive
microglial activation may become a therapeutic strategy to neurodegenerative diseases,
particularly in EAE mice or persons with MS.

Conclusions
The objective of our study was to determine GM-CSF activity in the brain following GM-
CSF induction. Our real-time RT-PCR analysis revealed increased mRNA expression of
CD40, TNFα, CD45, GFAP, and CD11c in the mice induced with recombinant mouse GM-
CSF. Our immunoblotting and immunohistochemistry/immunofluorescence analyses
findings concurred with our real-time RT-PCR findings. Our extensive double-labeling
analysis of CD40 and GFAP, and TNFα and GFAP revealed that CD40 and TNFα are co-
localized with GFAP in the hippocampus and the cerebral cortical regions of the C57BL5
mouse brain that we injected with recombinant GM-CSF. These findings suggest that GM-
CSF associated cytokines are also expressed in GFAP. Overall, these findings suggest that
GM-CSF is critical for microglial activation. Further, the anti-GM-CSF antibody suppressed
both endogenous and GM-CSF-induced microglial activity in the C57BL6 mice. Overall,
these findings may have implications in developing anti-inflammatory therapies for AD and
MS patients.
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Figure 1.
Immunoblotting analysis of microglial proteins in C57BL6 mice injected with PBS,
C57BL6 mice injected with recombinant mouse GM-CSF, and C57BL6 mice injected with
recombinant GM-CSF plus GM-CSF antibody. A. Twenty micrograms of protein lysate was
used from each sample and immunoblotting analysis was performed using an antibodies of
NTFα, CD11c, CD40 and β-actin. Bottom panel represents the immunoblotting of β-actin
for equal loading. B. Densitometry values for microglial proteins TNFα, CD11c and CD40
in C57BL6 mice injected with PBS, C57BL6 mice injected with recombinant mouse GM-
CSF, and C57BL6 mice injected with recombinant mouse GM-CSF plus GM-CSF antibody.
As shown, we found increased protein levels for CD11c (by 48%), followed by CD40 38%
and TNFα, 37% in C57BL6 mice injected with recombinant GM-CSF compared to C57BL6
mice injected with PBS.
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Figure 2.
Immunoreactivity of CD40 in different brain regions of representative sections from 8-
month-old mice. Accumulated immunoreactivity was found in the cerebral cortex, and
hippocampus in C57BL6 mice injected with recombinant GM-CSF. Arrows indicate the
increased immunoreactivity of CD40 in the hippocampus and cortex. Images A-D were
photographed at 5× the original magnification (represents cortex and hippocampus). Images
E-H were photographed at 10× the original magnification (represents hippocampus). Images
I –L photographed at 10× the original magnification (represents cerebral cortex). Images A,
E and I are from C57BL6 mouse injected with PBS (control group). Images B, F and J are
from C57BL6 mouse injected with recombinant GM-CSF (increased immunoreactivity of
CD40), Images C, G and K are from C57BL6 mouse injected with GM-CSF antibody, and
images D, H and L are from C57BL6 mouse injected with recombinant GM-CSF plus GM-
CSF antibody.
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Figure 3.
Immunoreactivity of CD40 in the cerebral cortex sections from 8-month-old C57BL6 mice.
Arrows indicate increased immunoreactivity. Image A is from C57BL6 mouse injected with
PBS (control group). B from C57BL6 mouse injected with recombinant GM-CSF (increased
immunoreactivity of CD40), C from C57BL6 mouse injected with GM-CSF antibody and D
from C57BL6 mouse injected with recombinant GM-CSF plus GM-CSF antibody.
Photographs were taken 20× the original magnification.
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Figure 4.
Immunoreactivity of TNFα in the cerebral cortex sections from 8-month-old C57BL6 mice.
Image A is from C57BL6 mouse injected with PBS (control group). B from C57BL6 mouse
injected with recombinant GM-CSF (increased immunoreactivity of TNFα), C from
C57BL6 mouse injected with GM-CSF antibody and D from C57BL6 mouse injected with
recombinant GM-CSF plus GM-CSF antibody. Photographs were taken 20× the original
magnification. Arrows indicate increased immunoreactivity of TNFα.
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Figure 5.
Immunoreactivity of GFAP in several regions of the brain in a representative 8-month-old
C57BL6 mouse induced with mouse recombinant GM-CSF. Image A is showing GFAP
immunoreactivity in the hippocampus and cerebral cortex. B is from C57BL6 mouse
showing immunoreactivity of GFAP in the midbrain. Arrows indicate GFAP
immunoreactivity.
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Figure 6.
Double labeling immunofluorescence analysis of CD40 and GFAP in the hippocampus of a
representative 8-month-old C57BL mouse injected with recombinant GM-CSF. (A)
represents immunoreactivity of CD40 in the hippocampus (in green), (B) GFAP (in red) of
the same section and (C) Overlay of CD40 and GFAP. Red arrows indicate CD40
expression in pyramidal neurons of hippocampus. White arrows indicate localization of
CD40 and GFAP. Sections were photographed at 40× the original magnification.
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Figure 7.
Double labeling immunofluorescence analysis of CD40 and GFAP in ventricular region of a
representative 8-month-old C57BL mouse injected with recombinant GM-CSF. (A)
represents immunoreactivity of CD40 in the mid ventricle (in green), (B) GFAP (in red) of
the same section and (C) Overlay of CD40 and GFAP. Arrows indicate localization of CD40
and GFAP. Sections were photographed at 40× the original magnification.
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Figure 8.
Double labeling immunofluorescence analysis of TNFα and GFAP in the hippocampus of a
representative 8-month-old C57BL mouse injected with recombinant GM-CSF. (A)
represents immunoreactivity of TNFα in the hippocampus (in red), (B) GFAP (in green) of
the same section and (C) Overlay of TNFα and GFAP. Arrows indicate localization of TNFα
and GFAP. Sections were photographed at 20× the original magnification.
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Figure 9.
Double labeling immunofluorescence analysis of TNFα and GFAP in the hippocampus of a
representative 8-month-old C57BL mouse injected with recombinant GM-CSF. (A)
represents immunoreactivity of TNFα in the hippocampus (in red), (B) GFAP (in green) of
the same section and (C) Overlay of TNFα and GFAP. Arrows indicate localization of TNFα
and GFAP. Sections were photographed at 40× the original magnification.
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Figure 10.
Double labeling immunofluorescence analysis of TNFα and GFAP in the cerebral cortex of
a representative 8-month-old C57BL mouse injected with recombinant GM-CSF. (A)
represents immunoreactivity of TNFα in cerebral cortex (in red), (B) GFAP (in green) of the
same section and (C) Overlay of TNFα and GFAP. Arrows indicate localization of TNFα
and GFAP. Sections were photographed at 40× the original magnification.
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Table 1
Summary of stereotaxic intracerebroventricular injections of in control and experimental
groups of 8-month-old C57BL6 mice

Control and experimental groups Intracerebroventricular injections Number of mice

1. C57BL6 mice +PBS vehicle 5-7 μL PBS vehicle 5

2. C57BL6 mice + recombinant mouse GM-
CSF

5-7 μL containing 30 units of recombinant mouse GM-CSF 5

3. C57BL6 mice + anti-GM-CSF antibody 5-7 μL containing 11 μg of anti-mouse anti-GM-CSF antibody 5

4. C57BL6 mice + recombinant mouse GM-
CSF + anti-GM-CSF antibody

5-7 μL containing 30 units of recombinant mouse GM-CSF plus 11 μg
ant-GM-CSF anti-mouse antibody

5
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Table 2
Summary of oligonucleotide primers used for real-time RT-PCR in measuring mRNA
expression of cytokine, astrocytic, and neuronal markers in experimental groups and
control group of C57BL6 mice

Marker DNA sequence (5′-3′) PCR product size in base-pair

TNFα Forward Primer TTCGGCTACCCCAAGTTCAT 55

Reverse Primer CGCACGTAGTTCCGCTTTC

IL1β Forward Primer CCATGGCACATTCTGTTCAAA 55

Reverse Primer GCCCATCAGAGGCAAGGA

IL6 Forward Primer CCACGGCCTTCCCTACTTC 60

Reverse Primer TTGGGAGTGGTATCCTCTGTGA

CD11b Forward Primer AAACCACAGTCCCGCAGAGA 57

Reverse Primer CGTGTTCACCAGCTGGCTTA

CD11C Forward Primer CCTGAGGGTGGGCTGGAT 50

Reverse Primer GCCAATTTCCTCCGGACAT

CD40 Forward Primer TTCGAGTCAACGCCCATTC 53

Reverse Primer GATCCACTGCTGGGCTTCA

CD45 Forward Primer GAACATGCTGCCAATGGTTCT 70

Reverse Primer TGTCCCACATGACTCCTTTCC

gp91 Forward Primer CCCTCGGACTTTGGCAAA 55

Reverse Primer CCAGACTCGAGTATCGCTGACA

MHCII-2 Forward Primer CTATGATGGCCGCGATTACA 56

Reverse Primer GCTGCTGTCCACGTTTTCAG

GFAP Forward Primer CCAGCTTCGAGCCAAGGA 55

Reverse Primer GAAGCTCCGCCTGGTAGACA

NeuN Forward Primer GGCAATGGTGGGACTCAAAA 65

Reverse Primer GGGACCCGCTCCTTCAAC

Housekeeping Genes

Beta Actin Forward Primer ACGGCCAGGTCATCACTATTC 65

Reverse Primer AGGAAGGCTGGAAAAGAGCC

NADH-subunit 1 Forward Primer CGGGCCCCCTTCGAC 72

Reverse Primer GGCCGGCTGCGTATTCT

J Neurochem. Author manuscript; available in PMC 2010 November 20.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Reddy et al. Page 28

Table 3
mRNA expression difference in fold change of cytokine and neuronal markers between
control and experimental animals

Marker mRNA difference between
recombinant GM-CSF-injected
C57BL6 mice/control mice (PBS
injected C57BL6 mice)

mRNA difference between anti-GM-
CSF antibody-injected C57BL6
mice/control mice (PBS injected
C57BL6 mice)

mRNA difference between recombinant
GM-CSF plus antibody-injected
C57BL6 mice/control mice (PBS
injected C57BL6 mice)

TNFα 2.1 1.3 0.28

IL-1β 0.63 0.30 0.94

IL-6 0.36 0.35 2.89

Gp91 0.08 0.08 0.41

CD11b 0.29 0.13 0.91

CD11c 1.70 2.19 0.60

CD40 9.75 2.0 0.48

CD45 1.73 1.38 1.04

MHCII -2 1.22 0.81 0.66

GFAP 1.5 0.79 1.11

NeuN 0.9 1.1 0.60

Note: mRNA fold change was calculated based on comparative cycle threshold (CT) values of real-time RT-PCR between experimental mice/
control mice for the following: 1). recombinant GM-CSF-injected C57BL6 mice/control mice (PBS injected C57BL6 mice), 2) anti-GM-CSF
antibody-injected C57BL6 mice/control mice (PBS injected C57BL6 mice), and 3). recombinant GM-CSF plus antibody-injected C57BL6 mice/
control mice (PBS injected C57BL6 mice).
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Table 4
Densitometry values of CD40, CD11c and TNFα in control and experimental groups of
C57BL6 mice using immunoblotting analysis

Cytokine marker Control and experimental groups Densitometry values % of Difference
control and
experimental groups

CD40

C57BL6 mice injected with PBS (control) 97.6 38 % up

C57BL6 mice injected with recombinant GM-CSF 134.4

C57BL6 mice injected with GM-CSF antibody 111.1

C57BL6 mice injected with recombinant GM-CSF and GM-CSF
antibody

114.0

CD11c

C57BL6 mice injected with PBS (control) 126.5

48% up
C57BL6 mice injected with recombinant GM-CSF 187.3

C57BL6 mice injected with GM-CSF antibody 139.5

C57BL6 mice injected with recombinant GM-CSF and GM-CSF
antibody

108.8

TNFα

C57BL6 mice injected with PBS (control) 162.9

37% up
C57BL6 mice injected with recombinant GM-CSF 223.8

C57BL6 mice injected with GM-CSF antibody 139.4

C57BL6 mice injected with recombinant GM-CSF and GM-CSF
antibody

136.8
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Table 5
Immuno-reactive signal intensity of CD40 in control and experimental groups of C57BL6
mice

Experimental and control groups of C57BL6 mice (comparison) Signal intensity values Mean
± SD P value

C57BL6 mice +PBS (control group) 96.28 ± 4.02 <0.003*

C57BL6 mice + recombinant mouse GM-CSF (experimental group) 100.73 ±5.82

C57BL6 mice +PBS (control group) 96.28 ± 4.02 <0.45

C57BL6 mice + anti-GM-CSF antibody (experimental group) 97.26 ± 4.9

C57BL6 mice (control group) 96.28 ± 4.02 < 0.51

C57BL6 mice + recombinant mouse GM-CSF and anti-GM-CSF antibody (experimental group) 95.44 ± 2.95

Mean ± SD P value

C57BL6 mice +recombinant mouse GM-CSF 100.73 ±5.82 <0.03*

C57BL6 mice + anti-GMCSF antibody 97.26 ± 4.9

C57BL6 mice +recombinant mouse GM-CSF 100.73 ±5.82 < 0.006*

C57BL6 mice +recombinant mouse GM-CSF + anti-GM-CSF antibody 95.44 ± 2.95
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