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Abstract

CD93 and GAIP-interacting protein, C termius (GIPC) have been shown to interactively alter
phagocytic processes of immune cells. CD93 and GIPC expression and localization during cen-
tral nervous system inflammation have not yet been reported. In this study, we established a
rat model of brain inflammation by lipopolysaccharide injection to the lateral ventricle. In the
brain of rats with inflammation, western blots showed increased CD93 expression that decreased
over time. GIPC expression was unaltered. Immunohistochemistry demonstrated extensive
distribution of CD93 expression mainly in cell membranes in the cerebral cortex. After lipopoly-
saccharide stimulation, CD93 expression increased and then reduced, with distinct staining in
the cytoplasm and nucleus. Double immunofluorescence staining in cerebral cortex of normal
rats showed that CD93 and GIPC widely expressed in resting microglia and neurons. CD93
was mainly expressed in microglial and neuronal cell membranes, while GIPC was expressed in
both cell membrane and cytoplasm. In the cerebral cortex at 9 hours after model establishment,
CD93-immunoreactive signal diminished in microglial membrane, with cytoplasmic transloca-
tion and aggregation detected. GIPC localization was unaltered in neurons and microglia. These
results are the first to demonstrate CD93 participation in pathophysiological processes of central
nervous system inflammation.
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functions and scavenging damaged cell debris (Akira et al.,
2006; Takeuchi and Akira, 2010). However, excessively acti-

Inflammatory reactions in the central nervous system are
involved in various neurodegenerative diseases, including
Alzheimer’s disease, Parkinson’s disease, and multiple sclero-
sis (Tansey and Goldberg, 2010; Alvarez et al., 2011; Xiong et
al., 2011), and are also strongly associated with stroke, brain
trauma, and meningitis (Bal-Price and Brown, 2003; Wyss-
Coray, 2006; Block et al., 2007). A previous study found that
nervous system inflammation is usually accompanied by
neuronal injury induced by microglial activation and in-
flammatory cytokine release (Harry and Kraft, 2008; Lu et
al., 2013a, b). Microglia are macrophages in the central ner-
vous system that play a key role in maintaining homeostasis
(Kettenmann et al., 2011). Under normal circumstances, mi-
croglia in the resting state monitor homeostasis, secrete neu-
rotrophic factors, and support neuronal function. During
pathological trauma and inflammation, microglia identify
receptors and recognize extracellular danger signals through
their surface, and convert to activated phenotypes by a series
of intracellular cascades, thereby exerting immune defense

vated microglia release large amounts of proinflammatory
mediators and can result in secondary nerve damage (Ulves-
tad et al., 1994; Van der Laan et al., 1996).

CD93 is a type I transmembrane glycoprotein (molecular
weight, 126 kDa) that is expressed on the surface of platelets,
and myeloid, endothelial, hematopoietic stem, and natural
killer cells. CD93 is an inflammatory regulator strongly as-
sociated with immune cell phagocytosis, which regulates in-
nate immunity and inflammation (Harhausen et al., 2010).
By evaluating the effects of CD93 for examining relevant
clinical results, a recent study confirmed a relationship be-
tween soluble CD93 levels and acute myocardial infarction
(Youn et al., 2014). CD93 has been shown to play an im-
portant role in clearing apoptotic cells and maintaining ho-
meostasis in normal tissue during embryonic development
(Henson, 2014). In mouse models of peritonitis, soluble
CD93 expression is detected, and CD93 secretion strongly
associated with macrophage phagocytosis and clearance of
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Figure 1 Time course of CD93 and GIPC expression in a rat model of brain inflammation.

(A) Protein expression profiles of CD93, GIPC, iNOS, and the internal reference B-actin in sham surgery, control and experimental groups (at 2,
4,6,9, 12, and 24 hours). (B) Statistical results of A: each column represents the ratio of target protein to 3-actin at various time points. *P < 0.05,
#kP < 0.01, vs. sham surgery group (sham). Data are expressed as the mean + SEM with four rats in each group; one-way analysis of variance and
the least significant difference tests were performed. iNOS expression was significantly increased at 4, 6, 9, and 24 hours, and peaked at 12 hours.
CD93 immunoreactivity was significantly increased at 2 hours, and then gradually reduced (remaining significant at 9, 12, and 24 hours). GIPC
expression was not altered at any time point. GIPC: GAIP-interacting protein, C terminus; iNOS: inducible nitric oxide synthase; LPS: Lipopolysac-
charide; h: hours.
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Figure 2 CD93 immunoreactivity and localization in the cerebral cortex of rats with brain inflammation.

(A) Immunohistochemical staining using CD93 antibody in the cerebral cortex of rats with brain inflammation (light microscope). (a) control
group; (b) sham surgery (sham) group; (c—f): staining results at 6, 9, 12, and 24 hours after lipopolysaccharide injection. Arrows show CD93-im-
munoreactive cells. (a) no CD93-immunoreactive signal; (b, e, f) CD93 mainly expressed in cell membrane; (¢, d) CD93 expressed in cytoplasm
and nuclei. Scare bar: 40 um. (B) Statistical results of A: each column represents the number of CD93-immunoreactive cells per mm’ at various
time points. Compared with the sham group, the number of CD93-immunoreactive cells is higher in experimental groups at various time points.
Significant differences are visible at 9, 12, and 24 hours. The number of CD93-immunoreactive cells is greatest at 9 hours. *P < 0.05, **kP < 0.01,
vs. sham group. Data are expressed as the mean + SEM with four rats in each group; one-way analysis of variance and the least significant differ-
ence tests were performed. LPS: Lipopolysaccharide; h: hours.

apoptotic cells (Greenlee et al., 2009). In addition, mem- transferrin-containing vesicles located near the membrane,

brane-associated CD93 regulates leukocyte migration and
complement activation in a CD93”"" mouse model of peri-
tonitis (Greenlee-Wacker et al., 2011). CD93 deletion also
induces phagocyte impairment on scavenging apoptotic cells
(Greenlee et al., 2009). The CD93-mediated neuroprotective
mechanism of CCL21 down-regulation has been confirmed
in a study of neuritis (Harhausen et al., 2010). A regulator
of G protein signaling, GIPC (GAIP-interacting protein, C
terminus), is expressed in the plasma membrane or within
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and a previous study found that GIPC can alter cell migra-
tion (Gao et al., 2000; Ligensa et al., 2001). Studies address-
ing GIPC have mainly focused on its interaction with GAIP
and the G protein signaling pathway (Lou et al., 2001; Booth
et al., 2002), but GIPC also interacts with myosin VI and is
involved in protein transport, endocytosis, cell migration,
and receptor clustering (Muders et al., 2006). Importantly,
through its PDZ domain, GIPC interacts with 11 amino
acids in the cytoplasmic tail of CD93 (Bohlson et al., 2005),



Liu C, et al. / Neural Regeneration Research. 2014;9(22):1995-2001.

Control

LPS

Control

LPS

Figure 3 Localization of CD93 and GIPC in the central nervous system of rats with brain inflammation (fluorescence microscope).

(A) al, a4: NeuN-labeled neurons (green); bl, b4: CD11b-labeled microglia (green); a2, a5, b2, b5: CD93 antibody staining (red); a3, a6, b3, bé:
merged images (yellow indicates colocalized green and red signal). a2, a5, b2, b5: CD95 is mainly expressed in cell membranes of microglia and
neurons; compared with b3, microglia show bigger volumes, rounder shapes, and activated phenotypes; CD93-positive signal is obviously weak-
ened. (B) al, a4: NeuN-labeled neurons (green); b1, b4: CD11b-labeled microglia (green); a2, a5, b2, b5: GIPC antibody staining (red); a3, a6, b3,
b6: merged images (yellow indicates colocalized green and red signal). a2, a5, b2, b5: GIPC extensively expressed in the cell membrane and cyto-
plasm of microglia and neurons; compared with controls, GIPC localization was not significantly altered. Arrows show NeuN-, CD11b-, CD93-
and GIPC-positive signals, and colocalized signals in overlay chart. Scare bars: 40 um. LPS: Lipopolysaccharide. GIPC: GAIP-interacting protein, C

terminus.

possibly regulating phagocytosis-related membrane move-
ment and cytoskeletal remodeling.

Nerve inflammation is strongly correlated with many
neurological and pathological processes (Zindler and Zipp,
2010; Dong et al., 2012; Anthony and Couch, 2014). Inter-
leukin-1p, interleukin-6, and tumor necrosis factor-a exert
crucial effects on pathophysiological processes (Cekanavi-
ciute et al., 2013; Vidal et al., 2013; Zhao et al., 2013; Almol-
da et al., 2014; Fenn et al., 2014). Yet involvement of CD93
and GIPC expression and localization after nerve inflamma-
tion is poorly understood. In this study, we established a rat
model of brain inflammation by lipopolysaccharide injec-
tion to the lateral ventricle. To determine if CD93 and GIPC
are associated with physiological and pathological processes
of brain inflammation, we measured CD93 and GIPC ex-
pression by western blot assay. In addition, to determine if
CD93 and GIPC colocalize in neurons and microglia, we
performed double immunofluorescence staining.

Materials and Methods

Experimental animals
A total of 32 healthy male Sprague-Dawley rats weighing

180-220 g were provided by the Experimental Animal Cen-
ter of Nantong University in China (Production License No.
SCXK (Su) 2008-0010). All rats were housed in a specif-
ic-pathogen-free barrier environment at 23 + 2°C with 55 +
5% humidity and a 12-hour light/dark cycle. Rats were fed
with “Co-irradiated complete pellet feed (Suzhou Shuangshi
Laboratory Animal Feed Science and Technology Co., Ltd.,
Suzhou, Jiangsu Province, China), and allowed free access to
food and water (Animal Use License No. SYXK (Su) 2012-
0030).

Experimental groups and establishment of rat model of
brain inflammation

A total of 32 rats were randomly and equally assigned to
sham surgery, control, and experimental groups (six time
points). Rats were intraperitoneally anesthetized with so-
dium pentobarbital (0.2 mL/100 g), and aseptically fixed
in the prone position using a Kopf brain tropism locator
(Anhui Zhenghua Bio Equipment Co., Ltd., Huaibei, Anhui
Province, China), ensuring the anterior fontanelle was 1 mm
higher than the posterior fontanelle, according to the rat
brain atlas (Paxinos and Watson, 2006). 5 pL of lipopolysac-
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charide (5 pg/uL; Sigma, St. Louis, MO, USA) was injected at
10 uL/5 minutes into the lateral ventricle (0.2 mm posterior
to the anterior fontanelle, rostral 1.4 mm, 4.0 mm depth).
In the sham surgery group, the syringe was inserted into
the lateral ventricle but nothing was injected. In the control
group, 5 pL of physiological saline (0.9%) was injected. The
wound was rinsed, sutured with 4-0 silk suture, and covered
with a sterilized dressing. Rats were then housed at room
temperature and allowed free access to food. At 2, 4, 6, 9, 12,
and 24 hours after lipopolysaccharide injection, 24 rats in
the experimental groups and 4 rats in the control group were
intraperitoneally anesthetized. Brain tissue was exposed in a
dark room and the cerebral cortex dissected, placed in 1.5 pL
centrifuge tubes, and stored in a —80°C ultra-low tempera-
ture freezer (Jouan, Gaithersburg, MD, USA).

Sample collection and preparation of tissue sections
Physiological saline (50 mL, 37°C) was perfused into the as-
cending aorta via the left ventricle, and the tissue fixed using
4% paraformaldehyde (200 mL, 4°C) for 40—-60 minutes.
Brains were removed and fixed in fixative for 2 hours, then
immersed in 20% and 30% sucrose solutions (4°C). After
tissue blocks had sunk, 8 pm thick serial frozen sections were
cut, placed on polylysine-coated slides, and stored at —80°C.

Western blot assay

Brain tissue was obtained from —80°C freezer storage,
weighed, and placed in a centrifuge tube. Protein lysates
were prepared at 1 mL/100 mg. To rewarm lysates, centrifuge
tubes were placed in an ice water mixture for 30 minutes. Af-
ter homogenizing in an ice bath, lysates were incubated with-
out stirring for 30 minutes, and then centrifuged for 15 min-
utes at 12,000 x g, 4°C. Protein content was measured using
bicinchoninic acid protein assay kits (Beyotime, Haimen,
Jiangsu Province, China). Proteins were stored separately at
—80°C. Sodium dodecyl sulfate polyacrylamide gel electro-
phoresis and transmembrane blotting were performed next.
To denature proteins, protein in 2 X sodium dodecyl sulfate
loading buffer and dithiothreitol (4:5:1) was boiled in water
for 5 minutes. Next, separation (10%) and stacking (5%)
gels were prepared and 2 x sodium dodecyl sulfate added
for every 50 pg protein. Protein molecular weight standard
samples (Beyotime) were run in control wells. Electrophore-
sis was performed at 100 V (through the separation gel) and
150 V (through the stacking gel). Proteins were separated
and electronically transferred onto polyvinylidene fluoride
membrane (Roche, Vaud, Switzerland) at 300 mA for 150
minutes. Membranes were washed in Tris-buffered saline
with Tween-20, and blocked with milk blocker (2.5% bovine
serum albumin) at room temperature for 2 hours. Mem-
branes were then incubated in milk blocker diluted (1:1,000)
with mouse anti-CD93 monoclonal antibody (Abcam,
Cambridge, UK), mouse anti-GIPC monoclonal antibody
(Santa Cruz Biotechnology, Santa Cruz, CA, USA), mouse
anti-inducible nitric oxide synthase monoclonal antibody
(Santa Cruz Biotechnology), or mouse anti-p-actin mono-
clonal antibody (Sigma) at room temperature for 8 hours
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or 4°C overnight. After five washes in Tris-buffered saline
with Tween-20 (10 minutes each), membranes were incu-
bated with goat anti-mouse horseradish peroxidase-coupled
secondary antibody diluted in Tris-buffered saline with
Tween-20 containing 10% skimmed milk at room tempera-
ture for 120 minutes. After washing in Tris-buffered saline
with Tween-20, membranes were incubated with Luminol
Ecl Reagent (using equivalent volumes of liquids A and B)
at 0.125 mL/cm” at room temperature for 5 minutes. Mem-
branes were exposed onto sensitive X-ray film, visualized,
and fixed. Images were scanned using a scanner (Hewl-
ett-Packard Development Company Palo Alto, CA, USA).
Expression was determined by calculating the gray value of
target band/gray value of internal reference, 3-actin.

Immunohistochemical staining

Tissue sections stored at —80°C were re-warmed at room
temperature until the slides had dried. Sections were washed
three times in 0.01 mol/L PBS for 5 minutes each, then in-
cubated in freshly prepared 3% H,O,-methanol (50 mL,
37°C) for 30 minutes, and blocked in 10% serum at room
temperature for 2 hours. After removal of redundant serum,
sections were incubated with rabbit anti-CD93 cytoplasmic
tail C11 polyclonal primary antibody 1150 (1:50; University
of California, Irvine, CA, USA). Blank control sections were
incubated with antibody diluent in a wet box at room tem-
perature for 60 minutes. Sections were washed three times
with 0.01 mol/L PBS, redundant liquid removed, and then
horseradish peroxidase-labeled goat anti-rabbit IgG (1:200;
Sigma) added and incubated in a wet box at room tempera-
ture for 2 hours. Sections were washed with 0.01 mol/L PBS
and visualized using 3,3'-diaminobenzidine. After dehydra-
tion, slides were dried at 60°C and mounted using a neutral
resin. Samples were observed and photographed using a
fluorescence microscope (Leica, Wetzlar, Germany). Images
were analyzed and processed using ImageJ image analysis
software (National Institutes of Health, Bethesda, MD, USA).
Positive expression/mm’ (i.e., number of brown cells) was
calculated.

Double immunofluorescence staining

Sections were obtained from —20°C freezer storage, re-
warmed for 1 hour, and blocked in 0.01 mol/L serum (same
animal source as the secondary antibody; Shanghai Yikesai
Biological Products Co., Ltd., Shanghai, China) at room
temperature for 2 hours. After removal of redundant serum,
a primary antibody mixture was added. Sections were in-
cubated with a combination of mouse cell marker antibody
CD11b monoclonal antibody (1:100; AbD Serotec, Kid-
lington, UK), NeuN monoclonal antibody (1:600; Abcam),
rabbit anti-CD93 polyclonal antibody (1:100; Abcam), and
rabbit anti-GIPC polyclonal antibody (1:200; Santa Cruz
Biotechnology) at room temperature for 2 hours and then
4°C for 16-18 hours. Sections were washed three times in 0.01
mol/L PBS (10 minutes each), and redundant fluid removed.
Sections were incubated with FITC-labeled goat anti-mouse
secondary antibody IgG (1:100; Abcam) and Cy3-labeled
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donkey anti-rabbit secondary antibody IgG (1:2,000; BBI,
Oakland, CA, USA) at 4°C for 2 hours, washed with 0.01
mol/L PBS, mounted using buffered glycerol, and stored in
the dark in a wet box at 4°C. Samples were observed and
photographed using a fluorescence microscope (Leica). FITC
has an excitation wavelength of 488 nm and Cy3 of 568 nm.

Statistical analysis

Stata 7.0 (Stata Corp, College Station, TX, USA), Sigma Plot
10.0 (Sigma), and Adobe Photoshop 11.0 (Adobe, San Jose,
CA, USA) were used for statistics and mapping. Measure-
ment data were expressed as the mean + SEM. Differences
among groups were compared using one-way analysis of
variance and the least significant difference tests. P values <
0.05 were considered statistically significant. Experiments
were repeated in at least triplicate.

Results

CD93 and GIPC protein expression in a rat model of brain
inflammation

Inducible nitric oxide synthase is a rate-limiting enzyme
that catalyzes nitric oxide production. Inducible nitric oxide
synthase expression is low in normal brain tissue. Activated
inducible nitric oxide synthase induces large amounts of
nitric oxide, increases vascular permeability, leads to inter-
stitial edema, causes lipid peroxidation in cell membranes,
and increases cell apoptosis (Sheng et al., 1998). Therefore,
expression of inducible nitric oxide synthase can be used to
determine if our rat model of brain inflammation has been
successfully established. Accordingly, our western blot results
show that inducible nitric oxide synthase expression in-
creased over time, peaking at 12 hours after lipopolysaccha-
ride injection (P < 0.01), and thereby demonstrating success-
ful establishment of our model. We used a well characterized
CD93 extracellular domain antibody (ab78859) to detect
CD93 expression in our rat model of brain inflammation.
Western blot results show that CD93 expression significantly
increased at 2 hours after lipopolysaccharide injection, and
then decreased (P < 0.05). No significant difference in GIPC
expression was observed (Figure 1A, B). These results show
that in our rat model of brain inflammation, CD93 protein
expression increases and then decreases with time, but GIPC
protein expression is unaltered.

CD93 immunoreactivity and distribution in the cerebral
cortex in a rat model of brain inflammation
Immunohistochemical staining revealed extensive CD93
distribution throughout the cerebral cortex, mainly in cell
membranes (Figure 2A). CD93 immunoreactivity was low
in control and sham surgery groups, but at 6 hours after
lipopolysaccharide injection, intracellular CD93 immu-
noreactivity began to increase, peaking at 9 hours before
decreasing at 12-24 hours (Figure 2B). This result is not
completely consistent with our western blot results, but
suggests that the CD93 cytoplasmic tail may play a specific
biological role in intracellular function during the immune
response. Immunohistochemical staining also demonstrated

a significant increase in cytoplasmic CD93-immunoreactive
signal at 9 hours after injection (P < 0.01), indicating that
with increased inflammatory reaction, CD93 cytoplasmic
tail expressed in the cell membrane may migrate towards the
cytoplasm or nucleus (Figure 2A ¢, d).

Localization of CD93 and GIPC during the early stage of
central nervous system inflammation
Immunohistochemical staining showed that cytoplasmic
CD93 immunoreactivity increased at 9 hours, suggesting
that CD93 may play a specific role in pathophysiological
processes during the early stage of central nervous system
inflammation. Thus, to further investigate this, double im-
munofluorescence staining was performed to examine CD93
and GIPC colocalization in neurons (NeuN) and microglia
(CD11b) during the early stage (9 hours) of central nervous
system inflammation. Our results show colocalization of
CD93 and GIPC with both CD11b and NeuN (Figure 3A,
B). In the cerebral cortex of control and sham surgery rats,
CD93 and GIPC were mainly expressed in resting microglia
and neurons. In addition, CD93 was mainly expressed in
cell membranes while GIPC was distributed throughout the
cell membrane and cytoplasm (Figure 3A a3, b3, Figure 3B
a3, b3). Nine hours after lipopolysaccharide injection, many
microglia had enlarged volumes and round shapes, with
activated phenotypes visible. Moreover, CD93-immunoreac-
tive signal appeared to weaken in microglial cell membranes
(Figure 3A b3, b6). GIPC localization did not visibly change
either before or after lipopolysaccharide stimulation (Figure
3B a3, a6, b3, b6).

Discussion
Inflammatory reactions are involved in pathogenesis of cer-
tain central nervous system diseases (Gresham et al., 1986),
and are a major cause for occurrence and development of
neurodegenerative diseases, such as Alzheimer’s disease, Par-
kinson’s disease, and multiple sclerosis (Tansey and Gold-
berg, 2010; Alvarez et al., 2011; Xiong et al., 2011). Nerve
inflammation mainly participates in glial cell activation and
neuronal injury induced by releasing inflammatory medi-
ators. Glial cells are resident phagocytes of the central ner-
vous system, and play a key role in maintaining homeostasis
(Kettenmann et al., 2011; Li et al., 2013). Many dissolved
factors (e.g., cytokines and bacterial lipopolysaccharides) and
extracellular matrix proteins (e.g., laminin and fibronectin)
induce certain inflammatory responses, and enhance phago-
cytosis of monocytes, macrophages, and neutrophils (Griffin
and Mullinax, 1990; Onodera et al., 1997). In this study, we
injected lipopolysaccharide into the lateral ventricle of rats,
generating a stable rat model of brain inflammation. Next,
we investigated CD93 and GIPC expression and localization
during central nervous system inflammation to determine if
CD93 and GIPC participate in pathophysiological processes
of inflammation and examine CD93 and GIPC effects in
these processes.

A previous study confirmed that CD93 is an adhesion
molecule (Petrenko et al., 1999). Nevertheless, some stud-
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ies have also shown that CD93 is an inflammatory factor
and actively involved in immune phagocytosis of various
inflammatory reactions (Tsukita et al., 1999; Ivetic et al.,
2002). In combination with related proteins, GIPC regulates
endocytosis and cell migration (Muders et al., 2006). In the
present study, we investigated the expression and localiza-
tion of two molecules (CD93 and GIPC) during central
nervous system inflammation, which differs from the con-
ventional process of studying a single molecule at a time.
Our western blot results show that in our rat model of brain
inflammation, CD93 expression is dramatically altered after
lipopolysaccharide stimulation. CD93 expression increases
and then gradually decreases with prolonged inflammatory
reaction time, possibly reflecting behavioral feedback to the
inflammatory reaction and suggesting that CD93 partic-
ipates and plays a specific role in pathophysiological pro-
cesses of central nervous system inflammation. In contrast,
expression of GIPC, a CD93-related protein, was not visibly
altered by the inflammatory reaction, suggesting that GIPC
is not involved in the inflammatory process.

We used immunohistochemical staining to investigate
CD93 immunoreactivity and localization in the cerebral cor-
tex of rats with lipopolysaccharide-induced central nervous
system inflammation. Our immunohistochemical results are
not consistent with those by western blot assay. We found
that CD93 is widely distributed in the cortex, mainly within
cell membranes. CD93 immunoreactivity was low in control
and sham surgery groups, but increased during inflammato-
ry reaction in the cerebral cortex, reaching a peak at 9 hours
after stimulation, and showing distinct cytoplasmic and
nuclear staining. These findings suggest that the CD93 cyto-
plasmic tail is mainly expressed in cell membranes yet may
migrate towards the cytoplasm or nucleus with increasing
inflammatory reaction. This complicated process warrants
further investigation. Double immunofluorescence staining
showed that CD93 and GIPC colocalize in neurons and mi-
croglia in the early stage (9 hours) of central nervous system
inflammation. In the cerebral cortex of normal rats, CD93
and GIPC are mainly expressed in resting microglia and
neurons. Moreover, CD93 localizes to cell membranes while
GIPC distributes to both the cell membrane and cytoplasm,
inconsistent with our protein expression results. There was
no significant change in localization before and after lipo-
polysaccharide stimulation. Thus, alterations in CD93 local-
ization are of interest. At 9 hours after lipopolysaccharide in-
jection, many microglia had increased volumes and rounded
shapes with activated phenotypes apparent. Weakened cell
membrane-related CD93-immunoreactive signal was also
detected in microglia. Normal microglia are in the resting
state, becoming activated once a stimulus signal is detected
(Akira et al., 2006; Takeuchi and Akira, 2010). Activated mi-
croglia can phagocytose and scavenge apoptotic cells, invad-
ing pathogens, exogenous substances, and debris (Ulvestad
et al., 1994; Van der Laan et al., 1996), and thereby maintain
homeostasis. During central nervous system inflammation,
glial cell activation is commonly accompanied by inflamma-
tory and proinflammatory cytokine release. However, release
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of abundant inflammatory cytokines often induces injury to
surrounding nerves. After 2 hours of inflammation, CD93
expression increased and then reduced, while at 9 hours,
there was weakened CD93-immunoreactive signal in mi-
croglia cell membranes. A reasonable explanation for these
dramatic changes may be that glial cells promote the early
stage of an inflammatory reaction and phagocytize apoptot-
ic cells by synthesizing abundant CD93. Thus, inflammatory
cytokine release must damage surrounding nerves. Reducing
expression and release of inflammation-related molecules
such as CD93 may diminish neuronal injury, and suggests
that CD93 may play a role in neuronal protecting during
central nervous system inflammation. Consequently, we
propose that CD93 participates in early pathophysiological
processes of central nervous system inflammation, and may
contribute to glial cell inflammation and neuronal protec-
tion. The exact function of CD93 and its mechanism of ac-
tion deserve further investigation.

This study is the first to report changes in CD93 and GIPC
expression and localization during central nervous system
inflammation. Despite comprehensive analysis of our results
we are unable to determine if GIPC is involved in inflamma-
tory pathophysiological processes. However, our results con-
firm alterations in expression, localization, and involvement
of CD93 in central nervous system inflammation. We believe
that CD93 has dual effects, promoting glial cell inflammation
and protecting neurons. In the early stage of an inflammatory
reaction, increased CD93 expression may play a proinflam-
matory role, strengthening the effect of glial cells in phagocy-
tizing apoptotic cells and debris, and clearing exogenous for-
eign bodies. In later stages, decreased CD93 expression and
release may diminish injury to surrounding neurons. Specific
biological effects and molecular mechanisms of CD93 in cen-
tral nervous system inflammation require further study.

Author contributions: All authors performed the experi-
ments, evaluated this study, and approved the final version of
the paper.

Conflicts of interest: None declared.
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