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GFAP expression in injured astrocytes in rats
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Abstract. Glial fibrillary acidic protein (GFAP) is one of the
best markers for the activation of astrocytes (AS) following
injury or stress in the central nervous system (CNS). The
purpose of this study was to examine the expression of GFAP
and 14-3-3¢ in rat AS subjected to hypoxia. We established
primary cultures of AS from cerebral cortex of neonatal
Sprague-Dawley rats as a model of glucose deficiency and
hypoxia/ischemia-reperfusion. We analyzed the activated
astrocyte markers GFAP and 14-3-3¢ by western blot analysis
and found that both increased over time, starting at 4 h and
reaching the highest level at 72 h, at the end of the experiment.
GFAP and 14-3-3¢ protein localization by double-labeling
immunofluorescence showed elevated expression and co-local-
ization in the cytoplasm of AS. GFAP and 14-3-3¢ expression
remained elevated in AS 72 h after stress conditions, which is
possibly related to the excessive activation and dysfunction of
the CNS in chronic injuries.

Introduction

Glial cells in the central nervous system (CNS) maintain
the homeostasis of the internal environment. Glial cells and
especially astrocytes (AS) form glial scars through activa-
tion and proliferation. AS secrete a variety of inhibitory
factors stimulated by injury, ischemia, blood-brain barrier
damage, inflammatory reaction, abnormal metabolism and
oxidative stress. These external factors critically affect
axon regeneration and recovery of neurological function in
the CNS (1). Increased expression of glial fibrillary acidic
protein (GFAP) is one of the most important markers of AS
activation (2). Culturing neurons and AS together show that
local inflammatory response is significantly enhanced by
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inhibiting GFAP production (3). GFAP inhibition increased
neuronal death, suggesting the protective effects of GFAP
in the nervous system injury (3). The AS intermediate fila-
ment protein system, which includes GFAP, is not only an
important component of the cytoskeleton but also a vital
signaling system that responds to a variety of stress condi-
tions, and regulates cell size, migration and survival via
multiple proteins (4). The 14-3-3 protein is widely distrib-
uted in all tissues and is one of the most abundant proteins
in CNS, accounting for 1% of soluble protein content (5).
14-3-3 proteins are involved in regulating most critical cell
activities, including signal transduction, cell cycle regulation,
apoptosis, cytoskeleton dynamics, ionic, and protein trans-
membrane transport, making 14-3-3 a potential therapeutic
target for many conditions (6). In this study, we generated an
in vivo injury model with AS to study the expression of GFAP
and 14-3-3e.

Materials and methods

Isolation of rat AS. Generation of AS cultures from newborn
Sprague-Dawley rats: Dura mater was cut into small pieces
of 1 mm?, preheated medium [10% fetal bovine serum (FBS),
penicillin, high glucose Dulbecco's modified Eagle's medium
(DMEM); Biosharp, Hefei, China] was added to obtain AS
after pipetting, filtration, centrifugation, discarding the super-
natant, cells were placed in 5% CO, 37°C incubator, changing
the medium once, and sub-cultured after 2 weeks of culture.
This study was approved by the Animal Ethics Committee of
Jilin University Animal Center.

Main instruments and reagents. Double clean benches
(YJ-1450, Boxum; Shanghai Boxun Industry Co. Ltd. Medical
Equipment Factory, Shanghai, China), carbon dioxide incu-
bator (HF151UV, Heal Force; Shanghai Li Kang Instrument,
Shanghai, China), inverted microscope (XDS-D2; Optical
Instrument & Equipment Factory, Chongqing, China), inverted
fluorescence microscope (Zeiss, Oberkochen, Germany),
multifunctional microplate analyzer (BioTek Synergy 2;
BioTek Instruments, Inc., Winooski, VT, USA), gel electro-
phoresis system (Chempgpl-5000; Beijing Saizhi Pioneer
Technology, Beijing, China), electrophoresis (DYY-6Y) and
membrane transfer device (DY-C1) (both from Beijing Liuyi
Instrument Factory, Beijing, China), Odyssey double-color
infrared fluorescence imager (LI-COR Biosciences, Lincoln,
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Figure 1. Expression of GFAP and 14-3-3¢ by western blot analysis at dif-
ferent time-points. GFAP, glial fibrillary acidic protein.

NE, USA), shaking incubator shaker (Beijing City Sixty-one
Instrument Factory, Beijing, China), pure water (Heal Force
Bio-Meditech Holdings Limited, Hong Kong, China).

High-sugar and sugar-free DMEM, Australian FBS,
green-streptomycin, and 0.25% trypsin were purchased from
Gibco (Grand Island, NY, USA). BCA protein assay kit (Pierce
Biotechnology, Inc., Rockford, IL, USA), nitrocellulose
membrane (Hybond; GE Healthcare Life Sciences, Shanghai,
China), RIPA lysate (Biyuntian Biotechnology Research
Institute, Jiangsu, China). Mouse monoclonal GFAP antibody
(dilution, 1:500; cat. no. sc-71143) and mouse monoclonal
B-actin antibody (dilution, 1:500; cat. no. sc-130065) were
purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz,
CA, USA). Rat anti-mouse IRD-labeled IgG secondary anti-
bodies were purchased from BD Biosciences (Franklin Lakes,
NIJ, USA) (dilution, 1:1,000; cat. no. 559062) and FITC-labeled
goat anti-mouse IgG monoclonal antibody were purchased
from Chemicon (Temecula, CA, USA).

Hypoxialreperfusion (OGD/IR) model. Normal cells (volume,
70-80%) were cultured in 2 ml of sugar-free DMEM in a 95%
N,/5% CO, hypoxia training box (oxygen concentration was
1%), replaced with normal culture medium in a normal culture
box (95% 0,/5% CO,) after 4 h.

Observation index. GFAP and 14-3-3¢ were detected,
respectively, by western blot analysis and double-labeling
immunofluorescence detection to test expression level and
distribution at 4, 12, 24 and 72 h.

Western blot analysis. After adding lysis buffer, total protein
was extracted by conventional methods, sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)
was completed and proteins transferred to a membrane. Then,
washed in TBST, primary antibody and secondary antibodies
were added, color was developed, and assessed, and the values
were detected semi-quantitatively.

Immunofluorescence. Cells were fixed for 30 min with
4% polyformic acid at room temperature, and rinsed with
phosphate-buffered saline (PBS) for 5 min, three times; 0.3%
Triton X-100 in PBS was added for 15 min for permeabiliza-
tion, rinsed in PBS for 5 min, three times, incubated in 3%
BSA for 1 h covered at room temperature, the primary anti-
bodies (goat anti-GFAP 1:200, goat anti 14-3-3¢ 1:100) were
added, incubating in a wet box at 4°C overnight, rinsed with
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Figure 2. Quantification of western blot analysis data for GFAP and 14-3-3¢
expression at different time-points. GFAP, glial fibrillary acidic protein.

PBS for 5 min, three times, fluorescent secondary antibody
(1:200) was added and incubated for 1 h at 37°C in the dark.
Cells were rinsed with PBS for 5 min, three times, incubated
in 1% Hoechst 33258 for 15 min in the dark and evaluated by
fluorescence microscopy.

Statistical analysis. We used SPSS 19.0 statistical software
(IBM SPSS, Armonk, NY, USA) for data analysis. Quantitative
data are expressed as mean =+ standard deviation, using vari-
ance analysis of repeated measure data, P<0.05 was considered
to indicate a statistically significant difference.

Results

Expression levels of GFAP and 14-3-3¢ in hypoxic AS. We
isolated rat AS and placed them in hypoxic culture conditions.
Then, we examined the expression of GFAP and 14-3-3¢ at
4,12, 24 and 72 h. Western blot analysis showed that expres-
sion of both GFPA and 14-3-3¢ progressively increased over
time (Figs. 1 and 2) and the differences were statistically
significant (P<0.05).

Immunofluorescence localization. We next examined the
expression and distribution of GFAP and 14-3-3¢ under
the microscope at different time-points. Despite the lower
sensitivity of immunofluorescence compared to western blot
analysis, we detected the upregulation of both GFAP and
14-3-3¢ starting at 4 h following hypoxia and increasing until
72 h (Fig. 3). GFAP and 14-3-3¢ co-localized mainly in the
cytoplasm of AS (Fig. 3).

Discussion

Our studies suggest that expression of GFAP and 14-3-3¢
increase with time during hypoxia, and that GFAP and 14-3-3¢
co-localize in the cytoplasm in cultured AS. AS are involved
in most critical aspects of CNS function. i) AS provide support
and energy nutrition for neuronal survival, development,
differentiation, and regeneration (7). ii) AS contribute to
neurotransmitter uptake and degradation, regulating the
synaptic connections, and signal transduction (8). iii) AS
have immune activity, expressing signal of MHCII molecules
and co-stimulatory, and participating in antigen presentation
and activation of T cells (9). iv) AS play an important role
in the formation of the endothelial barrier, maintaining their
morphology, releasing a variety of chemical substances,
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Figure 3. Double-labeling immunofluorescence of GFAP and 14-3-3¢ in astrocytes subjected to hypoxia for different times. GFAP (green), 14-3-3¢ (red), and
Hoechst (blue). All images were collected at x400 magnification. GFAP, glial fibrillary acidic protein.

and regulating the permeability of endothelia cells as an
important component of CNS blood-brain barrier (10).
v) AS regulate the immune inflammatory reaction of CNS
by secreting cytokine and inflammatory factors, thereby
contributing complex behavior of the whole body, such as
pain, appetite, sleep and mood through the circulatory
system (11). AS can also clear the excitatory glutamate and
potassium ions at the site of injury and play a protective
role in the survival of neurons (12). AS can secrete Wnt3,
interleukin (IL)-1, IL-6, insulin-like growth factor binding
protein 6, and other substances to promote the colonization
of stem cells, providing a favorable microenvironment for
nerve regeneration (13).

GFAP is an intermediate filament protein with a diameter
of 8-9 nm that is present mainly in AS. GFAP has no special
contribution in the normal nervous system, but plays a vital
role in the glial scar and the activation of AS. Activation of
AS and expression of GFAP inhibits inflammatory response
after injury, effectively limiting the damage within a control-
lable region (14). Treatment with the dopaminergic neurotoxin
MPTP selectively damaged the nerve endings and started AS
activation, which induced and promoted transcription and
translation of GFAP by JAK/STATS3 signaling pathway (15).
The expression of GFAP and vimentin was inhibited in
GFAP” and Vim™ transgenic mice, which demonstrated
that infarct area after ischemic stroke in transgenic mice
were significantly increased compared with the control
group. In the ischemia injury GOD model, generation and

accumulation of ROS increased significantly in transgenic
group, resulting in more nerve cell death, suggesting that
GFAP was particularly important to reduce oxidative stress
injury in the acute phase of the cells (16). With the continued
progress of the injury and AS activation, GFAP expression
increased progressively becoming an important factor in
promoting glial cicatrization, although it was not conducive
in restoring nerve function and nerve regeneration (17). How
to effectively take advantage of GFAP protective role in early
response to damage, while finding the right time to inhibit its
activity to prevent the formation of glial scar, are important
questions for future study.

Inflammation, vascular dementia, cancer, metabolic
diseases, epilepsy, mental disorders, and other nervous system
disorders lead to abnormal expression of 14-3-3 in the cerebro-
spinal fluid. For this, 14-3-3 is considered a marker of damaged
nerve cells and its level of expression may be related to the
extent of injury (18). 14-3-3¢ binding to the multiple molecules
of the Ras/MAPK signaling pathway has critical functions as
a cytoskeletal protein and regulates protein synthesis, metabo-
lism, DNA damage and repair, and the cell cycle (19). Chronic
high expression of 14-3-3¢ during injury inhibits AS apop-
tosis after injury (20) and promotes the activation of AS by
inflammation reaction in early response through the ERK1/2
and NF-kB signaling pathways (21). In addition, activated
MAPK pathway secretes TNF-a, IL-1f3, and other inflamma-
tory mediators, indirectly activates the JAK/STAT3 pathway,
promotes AS activation and secreting GFAP, and many other
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inflammatory factors, which increase the inflammatory
immune response to damage, further altering the function of
synapses and neurons (22).
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