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THE MOLECULAR CLONING OF GLIAL FIBRILLARY ACIDIC
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Abstract: The glial fibrillary acidic protein (GFAP) is an astrocyte-specific
member of the class III intermediate filament proteins. It is generally used as
a specific marker of astrocytes in the central nervous system (CNS). We isolated
a GFAP cDNA from the brain and spinal cord cDNA library of Gekko
Japonicus, and prepared polyclonal antibodies against gecko GFAP to provide
useful tools for further immunochemistry studies. Both the real-time quantitative
PCR and western blot results revealed that the expression of GFAP in the spinal
cord after transection increased, reaching its maximum level after 3 days, and
then gradually decreased over the rest of the 2 weeks of the experiment.
Immunohistochemical analyses demonstrated that the increase in GFAP-positive
labeling was restricted to the white matter rather than the gray matter.
In particular, a slight increase in the number of GFAP positive star-shaped
astrocytes was detected in the ventral and lateral regions of the white matter. Our
results indicate that reactive astrogliosis in the gecko spinal cord took place
primarily in the white matter during a short time interval, suggesting that the
specific astrogliosis evaluated by GFAP expression might be advantageous in
spinal cord regeneration.
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INTRODUCTION

Glial fibrillary acidic protein (GFAP) is the major subunit of the intermediate
filaments of astroglial cells, one of the most abundant cell types in the vertebrate
central nervous system (CNS). This protein is used extensively as a specific
marker for astrocytes in the CNS [1, 2]. Human GFAP is a 432-amino acid long
polypeptide encoded by the GFAP gene on chromosome 17g21 [3-6]. The 2.9-kb
astrocytic mRNA of GFAP encodes the dominating GFAP isoform (GFAPa) in
the CNS [3, 4]. Four other isoforms have been described, termed GFAPB, vy, 6 and €,
and at least ¢ is functionally distinct [7]. GFAP is a member of the class III
intermediate filament proteins, which have a characteristic structure composed
of a highly conserved central o-helical rod domain flanked by non-helical
N-terminal head and C-terminal tail domains [8-11].

GFAP is thought to be associated with the modulation of astrocyte motility and
shape by providing structural stability to extensions of astrocytic processes.
Astrocytes in the mammalian CNS perform such activities as processing
neurotransmitters, controlling extracellular ion levels, regulating the direction
and amount of nerve growth, maintaining the blood-brain barrier, and
participating in immune reactions [12]. GFAP shows differential expression in
astrocyte differentiation [13], and the up-regulation of GFAP is considered the
hallmark of the gliosis following CNS injury [14, 15]. As a general marker,
GFAP expression is also responsive to neurodegenerative changes [16] after
mild neuronal impairments [17].

Following CNS injury in the adult mammal, astrocytes become reactive and
respond in a typical manner, referred to as astrogliosis, which is characterized by
a massive up-regulation of GFAP [18]. This astrogliosis leads to the formation
of glial scars, which constitute a physical and biochemical barrier to axonal
regeneration [19]. Genetically modified mice were used to show that although
the glial scar may be a source of molecules that inhibit axon regeneration, its
formation plays a critical role in limiting the extent of the injury [20-23]. The
protective role of the reactive astrocytes has been established as a prominent
feature of the cellular response to spinal cord injury (SCI) [22, 23].

Gekko japonicus, a member of the Gekkonidae family, has the ability to
regenerate its tail, including the spinal cord, after tail amputation [24]. The
spinal cords of adult geckos can also regenerate after transection injury
(unpublished data). In mammals, radial glias become progressively reduced in
number as development proceeds, and are therefore nearly undetectable in adults
[25-27]. However, in lower vertebrates, radial glia elements constitute the main
pattern of astroglial cell types, and true astrocytes, usually known as star-shaped
astrocytes, are rare [28]. The star-shaped astrocytes are considered more
evolutionarily advanced than radial glia [29]. Given the difference in number
between the radial glia and star-shaped astrocytes, we assume that the distinct
reactive astrocytes produced by various astroglial cell types may be involved in
the regeneration of the injured CNS in lower vertebrates. To test this hypothesis,
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we cloned the full-length GFAP ¢cDNA of Gekko japonicus, and examined the
expression pattern of gecko GFAP at the mRNA and protein levels after spinal
cord transection.

MATERIAL AND METHODS

Animals

Adult geckos were provided by the laboratory animal center of Nantong
University. They were fed with mealworms and water throughout the
experiment, and housed in an air-conditioned room with controlled temperature
(26°C) and saturated humidity. All of the experimental protocols involving the
animals had been approved by the Laboratory Animal Care and Use Committee
of Nantong University. We used cooling anesthesia to minimize the suffering of
the animals. The spinal cords of the geckos were exposed by laminectomy and
transected at the tenth lumbar vertebrae level. After surgery, the animals were
returned to their cages and allowed to survive for 1, 3 or 7 days, or 2 weeks.

Molecular cloning and bioinformatic analyses of GFAP

The expressed sequence tag (EST) of the gecko GFAP was obtained from the
brain and spinal cord cDNA library for Gekko japonicus [30]. Since the
fragment did not contain the 5 regions of the cDNA, the 5’ rapid amplification
of the cDNA ends (RACE) was conducted using a commercially available kit
(BD Biosciences Clontech), thus obtaining the full-length transcript of the GFAP
gene. The total RNA was prepared from the brain and the spinal cord of the
geckos using TRIZOL (invitrogen) reagent according to the manufacturer’s
protocol. The primers designed for 5S’RACE were: 5’-CTGAGGCTGGCCGTC
TTCAGCTTGGTGA-3’, (the gene-specific primer), and 5’-GAAGGCACAT
ATCTGCGGCCGGGGG-3’ (the nested gene-specific primer).

Afterwards, the RACE-Ready first-strand cDNA was synthesized using the CDS
primer and BD SMART II A oligo provided with the kit, and 5’RACE PCR was
performed with the Universal Primer A Mix (UPM) under the following
conditions: one cycle of 94°C for 3 min, five cycles of 94°C for 30 s and 72°C
for 2 min, five cycles of 94°C for 30 s, 70°C for 30 s, and 72°C for 2 min,
twenty-five cycles of 94°C for 30 s, 68°C for 30 s, and 72°C for 2 min, and one
cycle of 72°C for 10 min. After agarose gel electrophoresis, the PCR-amplified
product was gel purified and cloned into pGEM-T Easy vector (Promega), and
sequenced as described. The full-length cDNA sequence was obtained by
combining the fragment with the overlapped region.

The sequence of GFAP was analyzed for coding probability with the DNATools
programs [31]. The comparison against the GenBank protein database was
performed using the BLAST network server at the National Center for
Biotechnology Information [32]. The molecular weight and the theoretical pl of
the GFAP protein were analyzed by the ProtParam tool in ExPASy
(http://www.expasy.ch/tools/protparam.html). A phylogenetic tree was constructed
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via the neighbor-joining method within the PHYLIP 3.69 software package [33]
using 1,000 bootstrap replicates.

Northern blot analysis

Digoxigenin-labeled GFAP riboprobes of about 300 bases were synthesized in
vitro from linearized plasmid following the DIG-UTP supplier’s instructions
(Roche). The total RNAs were extracted with Trizol (Invitrogen) from various
tissues of the geckos, including the brain, spinal cord, liver, kidneys, lungs and
heart. A total of twenty micrograms of RNA from each tissue were separated by
electrophoresis, blotted onto Nylon membrane (Schleicher & Schuell Bioscience
Inc.), and cross-linked to the Nylon membrane via UV-light using a crosslinker
(UV Crosslinker Applilinker Compact). Prehybridization was performed at 68°C
for 3 h in a standard hybridization buffer containing 50% (v/v) formamide, 5 x SSC,
0.2% (w/v) SDS, and 2% (w/v) blocking reagent (Roche). The membrane was
then hybridized in the same buffer with DIG-labeled GFAP riboprobes (1 pg/ml
in DIG Easy Hyb) at 60°C for 16 h, and washed twice in 2 x SSC with 0.1%
SDS at 25°C for 5 min each time and twice in 0.1 x SSC with 0.1% SDS at 68°C
for 15 min each time. Then, the membrane was incubated in a blocking buffer
(100 mM maleic acid, 150 mM NaCl and 1% blocking reagent) for 1 h at 37°C,
and in a blocking buffer with anti-Digoxigenin-AP (1:5000, Roche) overnight at
4°C. After three washes with 100 mM maleic acid (pH 7.5) and 0.3% Tween-20,
each for 15 min at 25°C, the membrane was incubated in a detection buffer containing
100 mM Tris-HCI (pH 9.5) with 100 mM NacCl for 5 min. The hybridized bands were
visualized by CDP-Star (Roche) and recorded with x-ray film.

RNA isolation and real-time quantitative PCR

Total RNA was prepared with Trizol (invitrogen) from a section stretching
5 mm rostral and 5 mm caudal from the injury epicenter of the spinal cord for
the control and injured animals (n = 15 each) 1, 3, 7, and 14 days after SCI.
Quantification was performed by measuring the absorption at 260 nm, and the
260/280 nm absorption ratio of the samples was verified as 1.9. Reverse
transcription (RT) was performed using an Omniscript Reverse Transcription Kit
(QIAGEN) in a 20 pl reaction system containing 2 pg total RNA, 0.2 U/ul M-MLV
reverse transcriptase, 0.5 mM dNTP mix and 1 pM Oligo-dT primer. The first-
strand cDNA was diluted to 1:3, and 4 pl was used in each 20-ul PCR reaction.
PCR primers for gecko GFAP cDNA (accession: GU045301), and for gecko
eukaryotic elongation factor 1 alpha (EF-1a) were designed corresponding to the
coding regions: GFAP primers, sense 5’-CGACGCTTCGTTCCCAT-3’ and
antisense 5’-CCCCAAAGGCACCTACAAG-3’; EF-1a primers, sense 5’-GAT
GGAAAGTGACCCGCA-3’ and antisense 5’-GAGGAAGACGCAGAGGTT
TG-3’. The reaction mixtures included 10 pl of 2X Fast Evagreen qRCR Master
Mix (Biotium), 2 pl of 10X ROX (Biotium), 4 pl of the forward and reverse
primers, each at a final concentration of 100 nM, and 4 pl of cDNA. Real-time
PCR was performed in a StepOne Real-time PCR system (ABI Applied
Biosystems). The thermal cycling program consisted of 2 min at 96°C, followed
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by 45 cycles of 15 sec at 96°C and 1 min at 60°C. Data collection was done
during the 60°C extension step. To account for the variability in the total RNA
input, the expression of GFAP was normalized to EF-1a. In addition, a negative
control without the first-strand cDNA was also performed.

Plasmid construction and expression of the fusion proteins

The full-length open reading frame (ORF) of the gGFAP (gecko GFAP) gene
was PCR amplified using the primers 5’GFAPF (5’-CGGGATCCATGGAG
GGGCGCAA-3’) and 3’GFAPR (5’-CCGCTCGAGTCACACCACCTCCTTG-3"),
which have BamHI and Xhol restriction sites (underlined), and digested with
BamHI and Xhol. The digested 1.39-kb amplified cDNA was ligated into the
digested pGEX-4T-1 vector and transformed to yield the pGEX-4T-1-gGFAP
clone (in E. coli BL21), which could express a glutathione S-transferase-gGFAP
fusion protein in bacteria and would contain the cleavage site of thrombin
protease between the GST and gGFAP domains. The pGEX-4T-1-gGFAP
construct was transformed into E. coli BL21 for subsequent expression.

A 20-ml overnight culture from a single colony of the E.coli BL21 transformants
was grown in 1 1 of LB base broth containing 50 pg/ml of ampicillin at 37°C
with shaking at 250 rpm until the optical density at 600 nm reached 0.4 to 0.5.
To obtain a sufficient amount of soluble GST-gGFAP, the expression was
optimized by induction using 0.1 mM isopropyl-B-D-thiogalactopyranoside
(IPTG) and further expression at 16°C for 20 h with shaking at 250 rpm. The
E. coli culture was centrifuged at 10,000 x g for 10 min at 4°C, and the cell
pellet was suspended in phosphate-buffered saline (PBS), pH 7.4, and sonicated
for 90 s at 200 W on ice. The sonicate was then centrifuged at 12,000 x g for 30 min
at 4°C. The expression and solubility of GST-gGFAP were analyzed in parallel
using 12% SDS-PAGE followed by staining with Coomassie brilliant blue
R-250 at room temperature. The supernatant was purified by using glutathione
Sepharose 4B (Amersham) according to the manufacturer’s instructions. The
fusion protein was prepared for the generation of anti-serum after the removal of
the GST tag by Restriction-Grade Thrombin (Novagen). The concentration of
protein was estimated using the BCA method (calibrated on Bovine serum
albumin).7

Preparation of gGFAP polyclonal antibodies

Rabbits were immunized with recombinant gecko GFAP protein (200 pg) by
intramuscular injection at 7-day intervals for 4 consecutive weeks. The first dose
was administered with Freund’s complete adjuvant, while subsequent doses
were given with Freund’s incomplete adjuvant. The rabbits were bled a week
after the last dose by cardiac puncture, and the antibody titers were determined
by plate ELISA as described by Engvall and Perlman [34].

Western blot analysis
Samples were immediately removed from a section stretching 5 mm rostral and
5 mm caudal from the injury epicenter of the spinal cord for the control and
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injured animals (n = 15 each) 1, 3, 7, and 14 days after SCI, and were lysed in
lysis buffer containing 1% NP-40, 50 mmol/l Tris (pH 7.5), 5 mmol/l EDTA,
1% SDS, 1% sodium deoxycholate, 1% TritonX-100, 1 mmol/l PMSF, 10 mg/ml
aprotinin and 1 mg/ml leupeptin. After centrifugation at 12,000 r/min for 20 min
at 4°C, 20 pg of total protein of each sample was loaded into a 12% SDS-PAGE
gel and transferred to PVDF membranes (Millipore). The membrane was then
blocked with 5% non-fat dry milk in TBS containing 0.05% Tween-20 (TBS-T)
for 1 h, and incubated with polyclonal anti-gGFAP rabbit IgG (1:1,000),
prepared as described above, or anti-B-actin mouse IgG (1:1,000; Sigma-
Aldrich). After the reaction with the second antibody, goat anti-mouse-IRDye
(1:10,000) or donkey anti-rabbit-IRDye (1:10,000), the membrane was scanned
with an Odyssey Infrared imager (LiCor, Lincoln, NE).

Immunohistochemistry

The control and injured animals (n = 5 each) were killed 3 days post-injury, and
perfused intracardially with a fixative solution containing 4% paraformaldehyde
in 0.1 mol/l phosphate buffer (pH 7.4). The spinal cords of the control and
injured animals were removed and post-fixed overnight at 4°C in the same
fixative, which was replaced with 20% sucrose for 2-3 days and then 30%
sucrose for 2-3 days. Afterwards, the spinal cords were embedded in OTC
compound. The 10-um frozen cross-sections of the 2 mm of the spinal cord
below the injury epicenter were prepared, and blocked with 10% goat serum
with 0.3% TritonX-100 and 1% (w/v) bovine serum albumin (BSA) for 2 h at
room temperature. They were incubated overnight at 4°C with polyclonal anti-
gGFAP rabbit IgG (1:200), followed by reaction with FITC-conjugated
secondary antibodies for 2 h at room temperature. The stained sections were
examined with a DMR fluorescent microscope (Leica Microsystems, Wetzlar,
Germany).

Statistical analysis

All of the data was expressed as means + SD, and one-way ANOVA followed
by Tukey’s post hoc multiple comparison tests was applied using the Stata 7.0
statistics software. A difference was accepted as significant if P < 0.05. Each
experiment consisted of at least three independent samples per protocol.

RESULTS

Molecular cloning and sequence analysis of gecko GFAP cDNA

The clone of gecko GFAP (GenBank accession number: GU045301) was based
on the EST sequence from the brain and the spinal cord cDNA library of Gekko
Jjaponicus. A primary PCR product of 5’-RACE showed a band of about 200 bp,
and a nested amplification yielded a band of about 150 bp. The positions of the
gene-specific primer and nested gene-specific primer are shown in Fig. 1. The
overlapped region was then joined to create the full-length cDNA (Fig. 1), and
the full-length fragment was amplified successfully via PCR (data not shown).
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GGCGGTTTAGACGAGACCGTGGCTTGTCTAGACCTCAGAATCGGGTGCTTCTCAATAAAC 1740
CTACTAACAAATAAAAAAAAAAAAAAAAAA 1770

Fig. 1. The sequence of GFAP cDNA (GenBank accession number: GU045301) and its
deduced amino acid sequence. The full-length cDNA of GFAP was 1,770 bp, and the open
reading frame encoded a polypeptide of 446 amino acids. The in-frame stop codon is
double underlined in the 5’UTR region, and the polyadenylation signal is underlined in the
3’UTR region. The primers of 5’-RACE including the nested primer are boxed. The
numbering of the nucleotide and amino acid sequences is shown on the right.

The full-length cDNA of GFAP was 1,770 bp, and the longest open reading
frame covered from 49 to 1,389 bp, which encoded a polypeptide of 446 amino
acids. There is a polyadenylation signal (AATAAA) at 1,734 to 1,739 bp within
the 3’-untranslated region (UTR), and an in-frame stop code at 16 to 18 bp
within the 5°-UTR (Fig. 1).
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Fig. 2. The alignment of GFAP using the MegAlign program (DNASTAR) created via the
CLUSTAL method. The shaded (with solid black) residues are the amino acids that match
the consensus. The most divergent region in the head domain is boxed. GFAP amino acid
sequences were obtained from previously reported sequences in GenBank. Gekko
Japonicus (GU045301), Gallus gallus (XM_418091), Danio rerio (NM_131373), Rattus
norvegicus  (NM_017009), Mus musculus (NM _001131020), Pongo abelii
(NM_001132319) and Homo sapiens (NM_002055).
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Fig. 3. A phylogenetic tree analysis of Gekko japonicus GFAP and other species was
constructed using neighbor-joining methods within the package PHYLIP 3.69. Bootstrap
majority consensus values on 1,000 replicates are indicated at each branch. The sequences
obtained from GenBank are Gekko japonicus (GU045301), Gallus gallus (XM_418091),
Danio rerio (NM_131373), Rattus norvegicus (NM_017009), Mus musculus
(NM_001131020), Pongo abelii (NM_001132319), Pan troglodytes (XM_511561) and
Homo sapiens (NM_002055).
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The nucleotide sequence of gecko GFAP and its deduced amino acid sequence
were analyzed using the ProtParam tool in EXPASy (http://cn.expasy.org/). The
predicted molecular weight of the gecko GFAP protein was 52 kDa, and its
theoretic pl was 5.26. The amino acid sequences of the gecko GFAP protein
from different species were aligned using the CLUSTAL method in the
DNASTAR software package. At the amino acid level, alignment with the
human GFAP revealed 71% identity (Fig. 2). The alignment of gecko GFAP
with that of other species also showed that protein divergence between species is
more pronounced in the head domain (Fig. 2). The phylogenetic analysis of the
GFAP of gecko and other species showed that Gallus gallus has the closest
relationship with Gekko japonicus among the species selected for analysis (Fig. 3).

Tissue expression of gecko GFAP mRNA

Northern blotting was conducted to assess the size of the gecko GFAP transcript
and its tissue distribution. A total of 20 pg of RNA from each tissue was
analyzed in agarose formaldehyde denaturing gel, and the blot was hybridized
with the DIG-labeled GFAP RNA probe. In adult geckos, GFAP expression was
detectable in the brain and spinal cord, but not detectable in the liver, kidneys,
lungs or heart (Fig. 4). An approximately 1.8-kb band of GFAP transcript was
detected in the assay (Fig. 4), which was consistent with the full-length cDNA of
GFAP as described above.

\‘P‘Q 2

. . ()

o o o W
2064bp-

1908bp- -
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Fig. 4. The representative results of Northern blot analyses of GFAP mRNA in various
tissues of the adult gecko. The bands indicate/band indicates the position of molecular size
equivalent to 1.8 kb. M: RNA marker.
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Fig. 5. Real-time qPCR analysis of GFAP expression in the spinal cord after transection.
Quantitative results for RT-PCR amplification of GFAP above and below the lesion for the
controls (con) and 1, 3, 7 and 14 days after spinal cord transection (n = 15 for each group).
Eukaryotic elongation factor 1 alpha (EF-1a) was used for the quantitative normalization.
*P < 0.05.
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GFAP mRNA expression after spinal cord transection in geckos

To investigate the time-dependent change in gecko GFAP mRNA expression
after spinal cord injury (SCI), we performed real-time quantitative PCR. Total
RNA was prepared from a section stretching 5 mm rostral and 5 mm caudal
from the injury epicenter of the spinal cord for the control and injured animals 1,
3, 7, and 14 days after SCI. The expression of GFAP mRNA in the gecko spinal
cord close to the injury site increased, reaching its highest level 3 days after
transection, and then gradually decreased over the remainder of the 2 weeks of
the experiment (Fig. 5).
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Fig. 6. Purification of gGFAP. M = protein molecular weight markers. SDS-PAGE (12%)
analysis of the extracts of Escherichia coli BL21 before and after induction with 0.1 mM
isopropyl-B-D-thiogalactopyranoside (IPTG) at 16°C (lanes 1, 2), purified GST-gGFAP
from elution (lane 3) and gGFAP after Thrombin cleavage (lane 4). Western blot analysis
of GST-gGFAP (lane 5), gGFAP (lane 6) and gecko brain tissues (lane 7) with polyclonal
anti-gGFAP rabbit IgG.
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Fig. 7. Western blot analysis of GFAP expression in the spinal cord after transection. The
time points selected for the experiment were the control, and 1, 3, 7, and 14 days above and
below the lesion (n = 15 for each group) after spinal cord transection. The representative
results of Western blot are shown in the upper panel, and the statistical analysis is shown in
the lower panel. B-actin was used for the quantitative normalization. *P < 0.05.
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Fig. 8. GFAP immunohistochemical analysis of the adult gecko spinal cord for 2 mm
caudal to the lesion in control animals (A, C) and animals 3 days after injury (B, D). n=15
for each group. The white arrows show the staining of GFAP in the astrocytes. Scale bar:
50 um (A, B) and 5 um (C, D). Counts of astroglial cells of the gecko spinal cord 2 mm
below the lesion site before (con) and 3 days after hemisection did not show any significant
increase (E).

GFAP protein expression after spinal cord transection in geckos

To perform Western blot analysis and immunohistochemistry, we prepared the
antibodies of gecko GFAP. The recombinant plasmid pGEX-4T-1-gGFAP
wasconstructed and used to express the fusion protein (Fig. 6, lane 2). The
prepared polyclonal anti-gGFAP rabbit IgG (Fig. 6, lanes 5 and 6) was validated
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using the purified gecko GFAP protein (Fig. 6, lanes 3 and 4) via Western blot
analysis, and the specificity of the antibodies was further confirmed using the
brain tissue of geckos (Fig. 6, lane 7) also via Western blot analysis. The titer of
the antibodies prepared via immunization with the recombinant gecko GFAP
protein was measured as 1:10,000 via ELISA.

Western blot analysis was performed to determine the time-dependent change in
GFAP protein expression after gecko spinal cord injury. We noted that the
protein level exhibited a change trend analogous to that for the mRNA level (Fig. 7).
An immunohistochemical analysis was done to determine the location of the
astrocytes in the spinal cords of the geckos after SCI. In the spinal cords of the
control animals, GFAP was extensively distributed in the white matter, but
poorly distributed in the gray matter, except in the periependymal zone (Fig. 8A),
while star-shaped astrocytes were detected mainly in the ventral regions of the
white matter (Fig. 8C). By contrast, for the injured animals, an increase in the
labeling of processes appeared in the white matter, especially in the ventral and
lateral regions of the white matter, and ventrally at the boundary between the
white and the gray matter, but few GFAP-positive star-shaped astrocytes were
detected in the gray matter (Fig. 8B, D). The number of star-shaped astrocytes
was not significantly increased after SCI (Fig. 8E).

DISCUSSION

It is well known that after injury to the mammalian CNS, a glial scar forms
around the injury site. This glial scar is composed of reactive astrocytes
extending their hypertrophied processes to form both a physical barrier, by
forming an interwoven network of processes, and a chemical barrier, by
releasing inhibitory factors such as chondroitin sulfate proteoglycans (CSPGs)
[19]. The glial scar has traditionally been regarded as inhibitory to axon
regeneration. GFAP expression was regarded as a sensitive and reliable marker
labeling reactive astrocytes responding to CNS injuries [35, 36]. Other
molecular markers that have been used for the immunohistochemical
identification of astrocytes and reactive astrocytes include glutamine synthetase
and S100B [37, 38], but these molecules are not exclusive to astrocytes. Gekko
Jjaponicus has the ability to regenerate the spinal cord after transection. The
process of astrogliosis following SCI in geckos is still unknown, so we aimed to
use GFAP to evaluate this after SCI in geckos.

We first identified the gecko GFAP cDNA, encoding a 446-amino acid protein.
It has a high homology with that of other vertebrates. The predicted molecular
weight of the protein was 52 kDa, compared to the 50 kDa of human GFAP. The
length variation of the 3’-UTR between gecko, mouse and human was observed,
and this heterogeneity seemed to be due to a lack of evolutionary constraint. The
5’-UTR in mammalian GFAP genes is extremely short, determined to be only 15 bp
long in humans and mice. A short 5’-UTR also seems to exist in the gecko
GFAP cDNA. Analysis of the gecko GFAP amino acid sequence revealed that
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the head domain contained a high number of potential serine/treonine
phosphorylation sites, namely 27% of the N-terminal 60 amino acids. The
phosphorylation status of the head domain has been known to be related to
filament deassembly and to protein turnover [39, 40]. The amino acid sequences
of the tail domain were well-conserved between humans and geckos, both
having the same length. In particular, gecko GFAP showed the conserved RDG
motif (residues 430-432 in gGFAP), which might be required for filament
formation [41]. Northern blot analysis indicated that the GFAP transcript was
restrictively expressed in the CNS [42].

Subsequent investigation of the astrogliosis after spinal cord transection, via
detection of GFAP expression using both real-time qPCR and western blot,
found that the GFAP expression level was associated with the process of SCI
and regeneration in geckos. The GFAP expression increased and reached its
maximum level after 3 days, and then decreased to the control level over the
remainder of the 2-week experiment. Data from a mammalian CNS injury
showed that mouse GFAP expression increased significantly after SCI, reaching
a peak at 4 weeks and persisting for months [43-46]. The effect of reactive
astrocytes in mammalian CNS after injury seems to be two-fold: reactive
astrocytes play a beneficial role, such as the promotion of synaptic regeneration
in the acute stage after CNS injury, but later act as inhibitors of CNS
regeneration [47]. The reactive astrogliosis evaluated by GFAP expression
occurs in the gecko spinal cord after transection within a short span of time,
suggesting that the astrogliosis exerts non-detrimental functions in spinal cord
regeneration, and possibly avoids the formation of the gilal scar. However, this
conclusion requires further study.

With immunohistochemical analysis, the staining of GFAP increased intensely
in the white matter after spinal cord transection, but not obviously in the gray
matter. In the ventral and lateral region of the white matter, a slight increase in
the number of GFAP-positive star-shaped astrocytes was detected after spinal
cord transection, but few could be detected in the gray matter. It has been shown
that in the rat model, gray matter astrocytes have a higher potential reactivity
than white matter astrocytes after SCI, as indicated by an increase in the number
of labeled cells and a distinct hypertrophy [48], contributing to massive scaring
in the gray matter [49, 50]. Axon regeneration is at least partially dependent on
the permissivity of a glial scar [51]; blockage of astrocyte hypertrophy and
hyperplasia could improve axonal regrowth, essentially in the gray matter
[48, refer to discussion]. Limited reactive astrogliosis in the gray matter of the
gecko spinal cord after transection might be advantageous for axon regeneration,
because less reactive astrocytes render the local glial scar less capable of
impeding axonal regeneration. On the basis of differences in the cellular
morphologies and anatomical locations, astrocytes have usually been divided
into two main subtypes, protoplasmic or fibrous astrocytes. Protoplasmic
astrocytes are found throughout all gray matter, whereas fibrous astrocytes are
found throughout all white matter [52]. Various lines of evidence suggest that
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there is considerable molecular, structural, and potentially functional diversity of
astrocytes. Our results regarding GFAP-positive astrocytes in the Gekko
Jjaponicus spinal cord differ from those for mammals, which are characterized by
fewer star-shaped astrocytes in the ventral and lateral columns of the white
matter and ventrally at the boundary between the white and the gray matters,
consistent with those for the Eublepharis macularius spinal cord [28]. Whether
the specific distribution of star-shaped astrocytes and the acute reactive
astrogliosis in the white matter were involved in the spinal cord regeneration
deserves further study.

To summarize, we characterized a GFAP cDNA from Gekko japonicus, and
examined the tissue distribution of GFAP. We also detected GFAP expression
changes in the gecko spinal cord close to the injury site at both the mRNA and
protein levels after transection. Our results revealed that the process of gecko
GFAP-positive reactive astrogliosis was different from that in mammals, which
were incapable of spinal cord regeneration after SCI, suggesting that the specific
reactive astrogliosis could be involved in the spinal cord regeneration.
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