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Peripheral nerve injury (PNI), resulting in the impairment of myelin sheaths and axons, seriously affects the transmission of
sensory or motor nerves. Growth factors (GFs) provide a biological microenvironment for supporting nerve regrowth and
have become a promising alternative for repairing PNI. As one number of intracellular growth factor family, fibroblast
growth factor 13 (FGF13) was regard as a microtubule-stabilizing protein for regulating cytoskeletal plasticity and neuronal
polarization. However, the therapeutic efficiency and underlying mechanism of FGF13 for treating PNI remained unknown.
Here, the application of lentivirus that overexpressed FGF13 was delivered directly to the lesion site of transverse sciatic
nerve for promoting peripheral nerve regeneration. Through behavioral analysis and histological and ultrastructure
examinations, we found that FGF13 not only facilitated motor and sense functional recovery but also enhanced axon
elongation and remyelination. Furthermore, pretreatment with FGF13 also promoted Schwann cell (SC) viability and
upregulated the expression cellular microtubule-associated proteins in vitro PNI model. These data indicated FGF13
therapeutic effect was closely related to maintain cellular microtubule stability. Thus, this work provides the evident that
FGF13-medicated microtubule stability is necessary for promoting peripheral nerve repair following PNI, highlighting the
potential therapeutic value of FGF13 on ameliorating injured nerve recovery.

1. Introduction

Peripheral nerve injury (PNI) is one of the most traumatic
disorders for triggering a decrease or a complete loss of
motor and sensory function in clinical practice [1]. It has
been reported that an estimated annual incidence of 67,800
major PNIs occur in the United States alone, and the annual
health-care dollars per individual were approximately $150
billion, causing an enormous socioeconomic burden [2, 3].
Despite the developing peripheral nerve has an intrinsic

capability for regeneration, the outcomes of optimal struc-
tural and functional recovery are not always satisfactory [4].
Recent advances in nerve reconstruction and autologous
nerve grafting remain the gold standard technique for the
repair of acute nerve injury; however, these treatments exist
some limitations, including the limited amount of autologous
donor nerves, neuronal mismatch between the donor and the
recipient site, even neuroma formation at the donor site [5,
6]. To overcome these limitations, current therapeutic strate-
gies are focused on administration of exogenous growth
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factors (GFs) as a therapeutic relevant agent to ameliorate
axonal regrowth and remyelination following PNI [7].

GFs refer to a neurotrophic factor family of bioactive cyto-
kines with the ability to regulate cellular proliferation, migra-
tion, and differentiation. Several preclinical trials have
described that exogenous application of GFs to the lesion site
of peripheral nerve is able to stimulate axonal sprouting, mye-
lination, neurogenesis, and/or neovascularization [8–10].
These encouraging outcomes reveal that GFs may act as the
potent therapeutic drugs for repairing PNI. As an intracrine
protein of the GF subfamily, fibroblast growth factor 13
(FGF 13) is not only widely distributed in human adult and
developing brain but also overexpressed in the mammalian
heart. Initially, FGF13 is regarded as a candidate gene for diag-
nosing X-chromosome-linked mental retardation (XLMR)
and negatively enhancing caveolae-mediated mechanoprotec-
tion [11, 12]. In the subsequent evaluation, FGF13 has been
identified as a microtubule-stabilizing agent for guiding
growth cone initiation, neuronal polarization, and axonal
extension. For instance, lentivirus-mediated FGF13 overex-
pression could increase the level of microtubule stabilizing
proteins to enhance axon regeneration and functional recov-
ery after spinal cord injury (SCI) [13]. In early embryonic
development, FGF13 also participated in neural differentia-
tion via MEK5-ERK5 pathway [14]. Additionally, FGF13-
deficient mice exhibited learning and memory impairment
due to the imbalance of microtubule assembly in neocortex
and hippocampus region [15]. Based on the above fact, we
try to reveal whether FGF13 also plays an essential role on
restoring PNI recovery.

As one component of cytoskeleton, microtubule provides
an organizational framework to control neuronal extension,
retraction, and steering through modifying growth cone
dynamic growth and shrinkage. In living cells, microtubule
stabilization is critical for neural polarization and axon
formation, which can be reflected by detecting the content
of microtubule-associated proteins (MAPs), such as acety-
lated- (Ace-) tubulin, tyrosinated- (Tyr-) tubulin, Tau, Kine-
sin-5, and Dynein. Increasingly, evidences have suggested
that microtubule stability was closely associated with neuro-
nal traumatic diseases [16]. Manipulation of microtubule
stabilization with Taxol could reduce fibrotic scar formation
and enable axonal regeneration after SCI via facilitating
intrinsic axon growth capacity [17]. In line with this efficacy,
systemic administration of epothilone B further induced
microtubule polymerization into the neurite tips to restore
axon elongation under an inhibitory environment after SCI
[18]. Mechanistically, this positive feedback was modulated
by a specific autophagy-inducing peptide, Tat-beclin1,
suggesting a critical role of autophagy in maintaining micro-
tubule stability [19]. Given that axon regeneration and
scarring reduction appear to rely indirectly or directly on
microtubule dynamics and stability, this mechanism may
possibly play an instructive role in axon formation and
remyelination following PNI.

In this work, we aim to identify whether FGF13 has a
certain capability for improving the injured peripheral nerve
regeneration in a rat model and reveal its underlying molec-
ular mechanism via various comprehensive evaluations,

including histological, morphological, and functional assess-
ments. Our data proved that overexpression of FGF13 could
maintain microtubule stabilization in Schwann cells (SCs) to
promote their survival, axon regrowth, and remyelination,
resulting in the improvement of locomotor recovery follow-
ing PNI. These results suggest, for the first time, that supple-
ment of FGF13 is an effective and feasible therapeutic
strategy for rehabilitating PNI.

2. Materials and Methods

2.1. Animals and Ethics Statement. Forty male Sprague-
Dawley rats, weighing from 200 to 220 g, were obtained from
the Animal Center of the Chinese Academy of Science
(Shanghai, China). The rats were individually housed in wire
bottom cages under humidity (50-60%) and temperature
(23-25°C) controlled conditions with a 12h light/dark cycle.
The animals had free access to water and food. All protocols
involving animal care and experimental procedures were
reviewed and approved by the Chinese National Institutes
of Health.

2.2. Preparation of Nerve Transection Model and Drug
Application. For the surgical procedure of sciatic nerve tran-
section model, after anesthetizing with 4% pentobarbital
sodium (30mg/kg, i.p. injection), the rats were fixed on the
operating table and shaved the hair on the right thigh. Then,
the right sciatic nerve was isolated and exposed carefully by
cutting skin and blunt splitting dorsolateral gluteal muscles.
Next, the sciatic nerve was transected at approximately
0.5 cm distal to the sciatic notch using fresh scalpel blade.
The proximal and distal ends of the cut nerves were sutured
by 10/0 polypropylene sutures (Ethicon, Somerville, NY)
under a microscope, followed by suturing the muscles and
skin using 7/0 sutures.

After surgery, all the tested rats were randomly divided
into three groups: a FGF13 lentiviral vector-treated group
(FGF13), a blank lentiviral vector-treated group (vehicle),
and a saline-treated group (PNI). Each group was consisted
of 10 rats. For the FGF13 group, each animal was orthotopi-
cal injection of 10μl (2 × 108 TU ml-1) [13] lentivirus (LV)
which expressed FGF13 into the sutured site via a Hamilton
microsyringe at a rate of 500 nlmin−1. The LV-FGF13 were
purchased from Shanghai GeneChem Co., Ltd. (Shanghai,
China). The primer of lentiviral particles of FGF13 sequence
was used forward: 5′-CCAACTTTGTGCCAACCGGTC
GCCACCATGGCTTTGTTAAGGAAGTC-3′, reverse: 5′-
AATGCCAACTCTGAGCTTCGTTGATTCATTGTGGCT
CATG-3′. The vehicle group was administrated the same
dosages of lentiviral vector. After injection, the needle was
left in place for an additional 10min and then slowly with-
draw. Similarly, the rats in the PNI group received the same
dose of saline. For the sham operation (control) group, the
animals underwent only the surgical procedure without
affecting the sciatic nerve.

2.3. Functional Recovery Analysis. The neurological recov-
ery in all testing animals was evaluated through walking
track analysis and von Frey hair test once a week for 6
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weeks after surgery. Thewalking trackanalysiswas quantified
using the sciatic function index (SFI), which was calculated as
the following formula proposed by de Medinaceli et al. [20]:
SFI = ð−38:3 × ðEPL −NPLÞ/NPLÞ + ð109:5 × ðETS −NTSÞ/
NTSÞ + ð13:3 × ðEIT −NITÞ/NITÞ − 8:8. These indexes were
taken both from the foot of the experimental foot print length
(EPL), experimental foot toe spread (ETS), experimental foot
intermediary toe (EIT), and nonoperated side (NPL, NTS,
andNIT). The SFI value of about 0 represents normal recovery,
while the SFI value close to -100 indicates total impairment.

The mechanical allodynia threshold was evaluated by von
Frey hair test which described elsewhere [21]. Briefly, all the
experimental rats were habituated in a glass cubicle on an
elevated wire mesh platform for at least 1 hour. Then, the
right hind paw in each animal was stimulated with a series
of calibrated monofilaments (Stoelting, Wood Dale, IL).
Monofilaments were applied with a constant increasing pres-
sure until a perceptible bend of approximately 90° for lasting
2 seconds. At this moment, the monofilament of definitive
ascending force was also recorded as the positive withdrawal
force. The experimental process was repeated three times
with an interval of 15 minutes by the same investigator who
was blinded to the group design.

2.4. Tissue Preparation. At postoperative 6 weeks, all rats
were anesthetized and sacrificed to harvest the regenerated
sciatic nerves and gastrocnemius muscle. Meanwhile, the
wet muscle weight in each rat was recorded. For histological
staining, the nerve and muscle tissues were fixed with 4%
paraformaldehyde at 4°C for 24 h. Subsequently, the samples
were embedded in paraffin, cut into longitudinal or trans-
verse sections of 5μm thickness using a microtome (Thermo
Fisher Scientific HM 315, Waltham, USA), and mounted on
slides. For immunofluorescence staining, the 0.5 cm segment
of regenerative nerve was embedded in optimal cutting tem-
perature compound (OCT, Sakura Tokyo, Japan) and cut
into 10μm sections using a cryostat (Leica Microsystems
Wetzlar GmbH, Hesse-Darmstadt, Germany). For immuno-
blotting and RT-PCR detection, the harvested sciatic nerve
segment (0.5 cm length) taken from the lesion regions was
immediately stored at -80°C.

2.5. Histological Staining and Morphometric Analysis. The
serial paraffin sections were deparaffinized and rehydrated
with xylene and a gradient ethanol solution. Thereafter, both
of nerve and muscle sections were received Hematoxylin and
Eosin (H&E) staining using H&E kit (Beyotime Institute of
Biotechnology, China). For muscle sections, they were
stained with H&E hematoxylin and eosin reagents for 5min
and 1min, respectively. For nerve tissue sections, they were
stained with these two dyes for 5min and 8min, respectively.
The nerve sections also performed Masson’s trichrome stain-
ing using Masson’s trichrome staining kit (Solarbio, G1340)
according to the instructions. Briefly, sections were first
underwent deparaffinage and rehydration as describe by
H&E staining, followed by staining with nucleus, fibrous,
and collagen using hematoxylin, ponceau acid fuchsine solu-
tion, and aniline blue for 5min, 5min, and 20 s, respectively.
After dehydrating, slides were mounted with neutral resin

and covered by cove using rslips. In the end, all staining
sections were observed and photographed using a Nikon
microscope (Nikon, Tokyo, Japan).

The myelin sheath regeneration was also evaluated by
transmission electromicroscope observation as previously
described elsewhere [22]. Briefly, 2mm regenerated nerve
samples were fixed with 2.5% glutaraldehyde for 4 h, followed
by postfixing with 1% osmium and 1% uranyl acetate for 1 h,
respectively. After dehydrating in a graded acetone series, the
samples were embedded in an Epon 812 resin and cut into
semithin sections (thickness: 1.0μm) for toluidine blue stain-
ing. The ultrathin cross sections with a thickness of 50–60nm
were also prepared and then were stained with lead citrate
and uranyl acetate for the transmission electron microscope
observation (TEM; HT7700, Hitachi, Ltd., Japan).

For the myelinated indexes including myelin counts,
diameter of myelin sheath, thickness of myelin sheath, and
G-ratio were calculated using the following two equations:

Thickness of myelin sheath =
Myelin diameter −Axon diameterð Þ

2
,

ð1Þ

G − ratio =
Axon diameter
Myelin diameter

, ð2Þ

where for individual myelin, the way for measuring axon
diameter and myelin diameter per myelin was according to
the bottom panel enlarged images in Figure 1(b). Quantifica-
tion of myelin counts, axon diameter, and myelin diameter
could be automatically obtained using the ImageJ software.
The data of myelin counts were performed through measur-
ing five randomly selected fields in each animal. For quanti-
fying axon and myelin diameter, 70 myelin sheaths were
randomly selected from at least 10 images per animal. Each
group contained 5 animals. All counting were quantified by
two blinded independent observers who were blind to the
experimental procedures and samples.

2.6. Immunofluorescence. After blocking with 5% BSA for
30min, frozen sections were colabeled with anti-NF-200
(1 : 100,000, ab4680, Abcam) and anti-MBP (1 : 1000,
ab40390, Abcam) primary antibodies, overnight at 4°C.
Then, FITC-conjugated anti-rabbit IgG (Abcam, ab150073)
and TRITC-conjugated anti-mouse IgG (Abcam, ab7065)
were diluted with PBS at the concentration of 0.67μg/ml
and dropped in the tissue samples, followed by incubating
at 37°C for 1 h in dark condition. After staining nuclei with
0.1% of 4,6-diamidino-2-phenylindole (DAPI) for 5min,
the stained sections were observed and imaged using a confo-
cal fluorescence microscope (Nikon, Japan).

With the observer blinded to the identity of the groups,
approximately three-fourths sections of the regenerating
bridge were photographed at high-power light microscopy
(400x). Photographs were divided into several regions with
100μm interval. Axon numbers, NF200+ and MBP+ positive
signals in each individual region of longitudinal section of the
nerve cable, were analyzed using the ImageJ software as pre-
viously described [23]. The diagrammatic sketch of regional

3Oxidative Medicine and Cellular Longevity



dividualing and identifying was shown in Figure 2(b). Three
sections per animal and three animals per group were
randomly selected for statistical analysis.

2.7. Immunoblotting. Total protein was extracted from regen-
erated sciatic nerve using RIPA lysis buffer containing 1%
protease and phosphatase inhibitors. The protein concentra-
tion in different samples was measured using the BCA Assay
Kit. A total of 80μg of protein was separated by 12% (w/v)
gels and then transferred to a PVDF membrane (Millipore),
followed by blocking with 5%w/v nonfat milk for 1.5 h. After
washing with TBST for three times, the PVDF membranes
were incubated overnight at 4°C with primary antibodies tar-
geting the following proteins: Ace-tubulin (1 : 1000, CST,
Catalog No. #5335), Tyr-tubulin (1 : 500, Sigma, Catalog
No. T9026), Tau (1 : 1000, Abcam, Catalog No. ab92676),
Kinesin-5 (1 : 1000, Abcam, Catalog No. ab167429), Dynein
(1 : 1000, Abcam, Catalog No. ab171964), Bax (1 : 500, CST,
Catalog No. #14796), Bcl-2 (1 : 500, CST, Catalog No.
#4223), and Cleaved caspase-3 (1 : 500, Abcam, Catalog No.
ab2302). The next day, blots were washed in TBST and incu-
bated with HRP-labeled secondary antibodies (1 : 2000 dilu-
tion) for 1 h at 25°C temperature. Immunobands were

visualized by ChemiDocXRS + Imaging System, and band
intensity was quantified by the ImageJ software.

2.8. Preparation of Myelin Extracts. Myelin debris were
extracted from uncut sciatic nerve in adult rats as described
in previous with modification [8]. Briefly, the collecting
sciatic nerves were homogenized in 0.32M sucrose using a
homogenizer (PRO 200, USA), followed by centrifuging
twice at 1,5000 g for 1 h. After removal of sucrose, myelin
fractions were added PBS and filtered through 0.22μm filters
to sterilize and remove any particulate substance.

2.9. Cell Culture, Transfection, and Treatments. The RSC 96
cells (a rat Schwann cell line) were purchased from the cell
bank of the Chinese Academy of Sciences (Shanghai, China).
Before transfection, cells were maintained in Dulbecco’s
modified Eagle Medium (DMEM, Gibco) containing 10%
foetal bovine serum (FBS, Thermo Fisher Scientific) and
incubated in a humidified atmosphere containing 5% CO2
at 37°C. At three passages, the cells were seeded on 6-well
culture plates at an approximate density of 5 × 104/cm2 and
grown for 24 h to approximately 70% confluency. After-
wards, the old medium were replaced with fresh serum-free
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Figure 1: Analysis of regenerating cables at week 6 after injury. (a) Representative semithin transverse sections of regenerated nerves stained
by toluidine blue in four groups; (b) TEM of ultrathin sectioned nerves of the four groups. The gross myelin distribution and regeneration
were clearly seen via the lower magnification (2 μm) in the middle panel. The bottom panel enlarged images with the higher magnification
of 1 μm were representative individual myelin in each group and not from the middle panel.
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Figure 2: Continued.
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Figure 2: Histological analyses of the regenerated sciatic nerves in each group at 6 weeks after transection injury. (a) Representative
costaining images for NF-200 and MBP of longitudinal sections in each experimental group. The scale bars in lower and higher
magnifications were 500μm and 20μm, respectively. (b) Schema of nerve regeneration counting method proximal to the original
transection through fields of the corresponding regenerating cable. (c) Quantification of total axon numbers in different fields of the
indicated groups. (d, e) Quantitative analyses of average fluorescence intensity for NF-200 and MBP in indicated region of whole
regenerated cable. Data are shown as means ± SEM, n = 5. PNI vs. control: ∗P < 0:05, ∗∗P < 0:01, and ∗∗∗P < 0:001; FGF13 vs. vehicle:
&P < 0:05 and &&P < 0:01; FGF13 vs. PNI: #P < 0:05 and ##P < 0:01.
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medium; meanwhile, the cells were infected with recombinant
lentiviral construct to overexpression FGF13 with the concen-
tration of 1 × 108 TU/ml or empty lentiviral vectors (LV-vec-
tor) with the same concentration. After 24h incubation, the
cells were supplemented with normal growth medium con-
taining 10μg/ml myelin extracts for culturing another 2 days.
The lentivirus expression vector (GV358) for overexpression
FGF13 (LV-FGF13) was constructed by Genechem (Shanghai,
China). We regarded the cell culturing in normal medium as
the control group. The medium contains only myelin debris
as the myelin group. The cells transfecting LV-FGF13 and
myelin added were taken as the myelin+FGF13 group.

2.10. Live/Dead Staining Assay. Apoptotic cell death was
quantified using the Live/Dead Viability Assay kit (L3224,
Thermo Fisher) according the manufacturer’s instructions.

Briefly, after gently washing in PBS 3 times, the medium cul-
turing RSC 96 cells were added 1μM Calcein-AM and 2μM
propidium iodide for incubating 30min at room temperature
in the dark condition. Afterwards, the live cells were observed
using a 490nm excitation filter, whereas the dead cells were
observed using a 545 nm excitation filter under a laser scan-
ning confocal microcopy system (LSCM, Nikon, Z2). The
live and dead cells were automatically calculated using the
ImageJ software. The cell viability rate in each group was
calculated as following equation: The cell viability rate ð%Þ
= the live cell mumbers/total cell numbers × 100%. Five ran-
dom fields were counted for each sample, and this experi-
ment was performed in triplicate.

2.11. Statistical Analysis. All quantitative data are expressed
as means ± SEM. Statistical comparisons were performed
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Figure 3: FGF13 promotes functional recovery after PNI: (a) representative images of the rats’ footprints in the control, PNI, vehicle, and
FGF13 groups at 6 weeks after treatment; (b) SFI analysis of the different groups at 1, 2, 3, 4, 5, and 6 weeks after operation; (c)
withdrawal threshold was determined using von Frey hair test at indicated time points. Values are expressed as mean ± SEM, n = 5. PNI
vs. sham: ∗∗∗P < 0:001; FGF13 vs. vehicle: &P < 0:05, n.s representing not statistical significance; FGF13 vs. PNI: #P < 0:05.
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using the GraphPad Prism 7 Software (GraphPad Software
Inc., La Jolla, CA, USA). For two-group comparison, statisti-
cal significance was analyzed by Student’s t-test. For multiple
group comparison, the statistical evaluation of the data was
performed using one-way analysis of variance (ANOVA)
followed by post hoc Tukey’s test. In all the analyses, differ-
ences were considered significant at P < 0:05. Each experi-
ment was performed at least three times to ensure accuracy.

3. Result

3.1. FGF13 Persistently Facilitates Neurologic Functional
Recovery after PNI. To evaluate the motor function recovery
in all groups, walking track analysis was performed at deter-
mine time postsurgery. Representative foot prints at 6 week
postoperation from each group were shown in Figure 3(a).
The result showed that the operative footprints in the
FGF13 treating group had superior toe spread when com-
pared with the PNI and vehicle groups. Meanwhile, the SFI

values in all surgery groups were gradually became increased
as time elapsed. It was worth noting that the SFI values in the
FGF13 group were significantly higher than those in the PNI
and vehicle groups at 6 weeks after surgery (Figure 3(b), P
< 0:05). Additionally, recovery of sensory function was
monitored weekly using the von Frey hair test. Consistent
with the motor function evaluation, overexpression of
FGF13 significantly accelerated sensory recovery following
transection injury. At 6 weeks postsurgery, the paw with-
drawal thresholds in FGF13-treated rats were approximately
twofold than the only saline-treated PNI rats (Figure 3(c)).

3.2. FGF13 Attenuates Atrophy of the Gastrocnemius Muscle
after PNI. Gastrocnemius muscle reinnervation, character-
ized by the increase of muscle weight and muscle fiber area,
represents the functional recovery of the sciatic nerve [24].
We measured the isolated gastrocnemius muscle weights to
evaluate the muscle atrophy and performed H&E staining
to investigate the morphological changes in the
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Figure 4: The morphological and microstructural analyses of gastrocnemius muscle. (a) The gross observation of the gastrocnemius muscles
in the control, PNI, vehicle, and FGF13 groups at week 6 after the transection. (b) H&E staining of the cross-sections of the muscles in the four
groups. Scale bar = 50 μm. (c) Quantification of the relative muscle weight from (a). (d) Quantification of the positive area of muscle fibers in
the indicated groups from (b). Values are expressed asmean ± SEM, n = 5. ∗∗P < 0:01 vs. the control group; &P < 0:05 and &&P < 0:01 vs. the
PNI group; #P < 0:05 and ##P < 0:01 vs. the PNI group.
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gastrocnemius muscle. As illustrated in the gross images of
the isolated gastrocnemius muscles (Figure 4(a)), the opera-
tive side in the PNI and vehicle groups rather than FGF13
group was obviously atrophic when compared with the cor-
responding normal side. Moreover, quantification of relative
wet weight of gastrocnemius muscle results showed that there
were little muscle fiber atrophy in the FGF13 group compared
with the PNI and vehicle groups (Figure 4(c)). H&E staining
revealed that the average percentage of muscle fiber positive
area in the FGF13 group was significantly higher than those
in the PNI and vehicle groups (Figures 4(b) and 4(d)), suggest-
ing that FGF13 holds great promising to reverse muscle atro-
phy in rats with sciatic nerve transection.

3.3. FGF13 Improves Morphological Restoration of the
Regenerated Sciatic Nerve after PNI. To investigate whether
overexpressing FGF13 had a protective effect on enhancing
nerve regeneration, the histological changes of the regener-
ated axon and fibrotic scar formation in each group were
observed by H&E and Masson’s trichrome staining. As
shown in Figure 5, the control group had uniform and dense
nerve fibers with structural integrity. Following 6 weeks after
transection injury, the morphological observation of regener-
ated nerve fibers was exhibited, scattered, and disordered,
while this abnormal nerve structure was significantly
improved after injection of the recombinant FGF13 lentiviral
vector solution.

Through Masson’s trichrome staining, we could clearly
observe that the amount of regenerative axons which were
dyed in red showed similar pattern as H&E staining, namely,
control group > FGF13 group > vehicle group > PNI group
(Figure 6). However, the fibrotic scar which appeared blue
showed the opposite trend, manifesting in the FGF13 group
contained few fibrous formation than that of the PNI group
and vehicle groups (Figure 6). All of these data suggested that

FGF13 was contributed to support nerve regeneration and
attenuate fibrotic matrix deposition.

3.4. FGF13 Enhances Remyelination following PNI. At 6
weeks after surgery, the myelin morphology at the distal
portion of the transection site from four surgery groups was
observed by toluidine blue staining and TEM. As shown in
Figures 1(a) and 1(b), the control sciatic nerves displayed
normal myelinated fibers with abundant fair arrangement
and thick structure. In contrast, the PNI and vehicle groups
exhibited scattered myelin sheaths with abnormal structure,
manifesting in irregularity and thinning. This severe myelin
abnormalities achieved greatly amelioration after receiving
FGF13 lentivirus remedy. Additionally, statistical analysis
of myelinated indexes, including myelin sheath counts,
diameter, and thickness plus G-ratio in the FGF13 group,
was significantly superior to in the PNI and vehicle groups
and nearly reached to the control group (Table 1).

3.5. FGF13 Enhances Axonal Outgrowth following Nerve
Transection. To address whether axonal regeneration after
transection was enhanced by FGF13 treatment, double stain-
ing for NF-200 (green) and MBP (red) was performed. We
found that the regenerated sciatic nerve in the lesion region
and its distal stump without treatment showed few NF-200-
positive axons and MBP-tagged myelins. Moreover, most of
regenerated axons at the proximal site could not pass through
the lesion region to reach the distal trunk, and the distribu-
tion of these sparse axons in the lesion core exhibited irregu-
lar (Figure 2(a)). Similarly, simple blank lentiviral vector
treatment did not significantly increase the axon numbers,
NF-200 and MBP immunoreactivity. In contrast, rats receiv-
ing FGF13 lentivirus were filled with NF-200 and MBP
positive staining signals that extended from the proximal
stump along a linear path through the whole lesion region
toward the distal stump (Figure 2(a)). Additionally, analysis

Control

FGF13

Vehicle

PNI

500 𝜇m 50 𝜇m

500 𝜇m 50 𝜇m

500 𝜇m 50 𝜇m

500 𝜇m 50 𝜇m

Figure 5: FGF13 promotes nerve regeneration after PNI. H&E staining was used to visualize the regenerated nerve fibers in the longitudinal
sections of the regenerated segments in the control group, the PNI group, the vehicle group, and the FGF13 group at week 6 after the surgery.
Scale bars, 500 μm (a); 50μm (b).
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of axon numbers, NF-200, and MBP expression at 6 weeks
postsurgery showed that the FGF13 treating group had the
more axon regrowth and the higher protein expression than
another two operative groups despite inferior to the sham
operation group (Figures 2(c)–2(e)).

3.6. FGF13 Induces Microtubule Stability in SCs. SCs are inte-
gral components of peripheral nervous that play a pivotal
role in myelin formation and axon regrowth [25]. Microtu-
bule stability contributes to cytoskeletal remodeling to guide
development and regeneration of the nervous system [26].
Microtubule stability needs to undergo frequent bouts of
assembly and disassembly, which can be reflected by the rel-
ative ratio of acetylated and tyrosinated tubulins (A/T ratio)

[27]. The higher its ratio, the better microtubule stabilization.
Microtubule stability and dynamics are also regulated by
other group of proteins, termed Tau, Dynein, and Kinesin-
5. It is intuitive that tau has been proposed to regulate the
assembly, growth, and bundling of microtubules in the
growth cone [28]. Dynein is a complex cytoskeletal dynamic
protein that drives long-range retrograde transport along
microtubules [29]. Kinesin-5 is a motor protein that plays
critical roles in shaping and organizing microtubules in both
axons and dendrites [30]. To reveal the molecular mecha-
nism of FGF13 promoting structural and functional recovery
following PNI, we cultured SCs in myelin condition to
imitate the local microenvironment of damaged sciatic nerve
and detected the level of microtubule-related proteins

Control

FGF13

Vehicle

PNI

500 𝜇m 50 𝜇m

500 𝜇m 50 𝜇m

500 𝜇m 50 𝜇m

500 𝜇m 50 𝜇m

Figure 6: FGF13 attenuates fibrotic matrix deposition after PNI. (a) Masson’s trichrome staining of the whole nerve stumps of longitudinal
sections in the four groups of rats at 6 weeks after the injury. Scale bars, 500 μm (a); 50 μm (b).

Table 1: Morphometric evaluations of regenerated nerves in each group.

Group
Myelin counts

(/mm2)
Diameter of myelin sheath

(μm)
Thickness of myelin sheath

(μm)
G-ratio (axon to myelin diameter

ratio)

Sham 33:950 ± 2773 5:11 ± 0:22 1:21 ± 0:09 0:63 ± 0:03

PNI 15:715 ± 1333∗∗∗ 3:41 ± 1:26∗∗∗ 0:56 ± 0:04∗∗∗ 0:84 ± 0:02∗∗∗

Vehicle 16:557 ± 1381 2:56 ± 0:19 0:57 ± 0:07 0:82 ± 0:02
FGF13 23:293 ± 2197&,# 3:62 ± 0:18&&,## 0:83 ± 0:06&,# 0:68 ± 0:02&,##

Statistical analysis of the nerve fiber density, diameters, thickness, and G-ratios in all groups using the ImageJ software. G-ratio was calculated by dividing the
diameter of the axon by fiber diameter. The data are expressed as themean ± SEM. PNI vs. control: ∗∗∗P < 0:001; FGF13 vs. vehicle: &P < 0:05 and &&P < 0:01;
FGF13 vs. PNI: #P < 0:05 and ##P < 0:01.
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Figure 7: FGF13 induces microtubule stabilization in SCs. (a) Representative images of immunoblotting analysis of acetylated tubulin,
tyrosinated tubulin, Tau, Kinesin-5, and Dynein in the control, myelin, and myelin+FGF13 groups. (b–e) Quantification results of the
levels of the indicated proteins from (a). GAPDH was used as the loading control and for band density normalization. (f, g)
Representative confocal images of Ace-tubulin and Tyr-tubulin fluorescence and quantitative results of A/T ratio in the different
experimental groups. DAPI was used to label the nuclei. All these data represent the means ± SEM and sourced from three independent
experiments. ∗P < 0:05 and ∗∗P < 0:01 vs. the control group; ##P < 0:01 and ###P < 0:001 vs. the myelin group.
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Figure 8: FGF13 alleviates cell death in vitro. (a) Live-dead staining was used to identify live (green) and dead (red) cells in the control,
myelin, and myelin+FGF13 groups. (b) Quantification of cell viability from (a). (c) Representative immunoblotting images of Bcl-2, Bax,
and Cleaved caspase-3 in the control, myelin, and myelin+FGF13 groups. GAPDH expression was used for normalization of protein
loading. (d–g) Quantification of protein bands from (c) by densitometric analysis. The values represent the mean ± SEM and repeated in
triplicate. ∗P < 0:05 and ∗∗P < 0:01 vs. the control group; ##P < 0:01 and ###P < 0:001 vs. the myelin group.

12 Oxidative Medicine and Cellular Longevity



following transfection of LV-FGF13 via immunoblotting and
immunofluorescence detection. As shown in Figure 7(a),
Ace-tubulin protein was expressed normal in the control
group but became very low when cultured in myelin condi-
tion. After infecting with LV-FGF13, the low level of Ace-
tubulin was restored to the degree that was higher than the
control group. Similarly, the trend of Tau, Dynein, and
Kinesin-5 expression in control, myelin, and myelin+FGF13
groups was consisted with the change of Ace-tubulin expres-
sion (Figure 7(a)). Moreover, statistical analysis also revealed
that the values of Tau, Dynein, and Kinesin-5 as well as A/T
ratio in the myelin+FGF13 group were the highest in all test-
ing groups and showed statistical significance when compared
with the myelin group (Figures 7(b)–7(e)). Additionally, dou-
ble immunostaining for Ace-tubulin and Tyr-tubulin also
showed that treatment with LV-FGF13 caused a marked
increase in the A/T ratio, accompanied by cellular outgrowth
with a single polarized morphology, when compared with
the myelin group (Figures 7(f) and 7(g)).

3.7. FGF13 Reverses Myelin-Induced SC Apoptosis. To exam-
ine whether FGF13 could alleviate SC apoptosis under
damage condition, we transfected SC with lentivirus that
overexpressed FGF13, followed by addition of myelin
extracts. Using live/dead assay (Figures 8(a) and 8(b)), we
found that there were nearly no dead cells in the normal
condition, but this status became seriously terrible when SC
exposed to myelin debris, manifesting in numerous cellular
death or necrosis. Addition of LV-FGF13 remarkably
decreased myelin-induced SC death, as evidenced by a dra-
matic increase in green signals (live cells) and decrease in
red signals (dead cells). Similar changes were also observed
for the apoptosis-related proteins in the three experimental
groups (Figures 8(c)–8(g)). Specifically, compared with the
normal condition, addition of myelin debris significantly
upregulated the level of proapoptotic proteins, including Bax
and Cleaved caspase-3, and downregulated the antiapoptotic
protein Bcl-2 level, while pretreatment with LV-FGF13 effec-
tively reversed this trend. These results suggest that LV-
FGF13 is able to attenuate SC death and apoptosis at the
condition of myelin-induced microenvironmental disorder.

4. Discussion

The results of present study support the role of FGF13 pos-
sess favorable biological property for exerting neuroprotec-
tion and neuroregeneration after transection of the sciatic
nerve. Our results provide evidence that, following PNI,
overexpressing FGF13 not only substantively ameliorated
sensory and motor functional recovery but also remarkably
promoted the morphological and pathological alterations,
including axonal regrowth, myelin rehabilitation, and fibrotic
scar reduction, as well as apoptotic decrease. Importantly,
these benefit functions were closely associated with main-
taining microtubule stabilization in SCs. Additionally,
FGF13 was not participated in modulating nerve injury-
induced inflammatory reaction (Figure S1 and Table. S1).
In brief, these findings provide new insights into the
beneficial effects of FGF13 in nerve reconstruction and

functional restoration and open a possible investigation of
applying FGF13 for treating PNI.

Microtubule network, contained in growth cone, guides
axonal elongation and bending via interacting with
microtubule-related proteins, including acetylated tubulin,
tyrosinated tubulin, Tau, Kinesin-5, and Dynein [29]. During
the process of cellular polarization and maturation, these
proteins are gradually increased to stabilize microtubules that
are contribute to cytoskeletal assembly [31]. Spatiotemporal
regulation of cytoskeleton structures is beneficial for amelio-
rating intrinsic axon growth capacity [32, 33]. Conversely,
destruction of microtubule stabilization using nocodazole
impairs neuronal polarization, axon formation, and reconnec-
tion [34]. Thus, detecting the expression of microtubule-
related proteins holds greatly promise for reflecting intrinsic
growth capacity of damaged nerve system. In this study, we
found SCs exposed to myelin debris significantly decreased
the level of Tau, Kinesin-5, and Dynein expression, as well as
reduced A/T ratio, but was strikingly reversed after receiving
FGF13 treatment. These dates indicate FGF13-induced micro-
tubule stabilization in SCs possibly become an intrinsic capac-
ity for improving nerve structural and functional recovery
following sciatic nerve transection injury.

After suffering from trauma and medical disorders, espe-
cially for transection of axons, adult nerve tissue regeneration
is usually slow and incomplete due to the pathophysiologic
disturbance-induced cell death, nerve demyelination,
conduction defects, and/or muscle denervation. To achieve
an effective nerve regeneration, therapeutic strategy should
be possessed requirements as followings: first, stimulating
microtubule protrude toward the growth cone leading edge
to increase their intrinsic growth capacity [35, 36], and
second, supplement of adequate biological molecules, such
as GFs, in the lesion region to create a regenerative microen-
vironment for numerous axonal extension toward the target
organ [37]. Finally, the proximal segment of axonal regrowth
should be elongate at a right direction to match the corre-
sponding injured target organs [38]. Our preliminary studies
indicated that, compared with the model without treatment,
FGF13 therapy shows great potential for regulating microtu-
bule dynamic, enabling axon outgrowth and myelin regener-
ation, as well as promoting the locomotor recovery. To the
best of our knowledge, this reason might be closely related
to FGF13 as a microtubule-stabilizing protein that possess a
capable for enhancing nerve intrinsic growth potential to
achieve structural and functional recovery following PNI.

As an intracellular protein of the GF family, FGF13 can
modulate initiation and propagation of action potentials via
modulating Nav channel gating and trafficking in the devel-
oping nerve system [39]. Presently, the reasons for selection
of FGF13 lentivirus for restoring severe sciatic nerve transec-
tion recovery are based on the following factors: (I) FGF13
has been regarded as a microtubule stabilizing protein that
accelerates neural development and polarization and showed
neuroprotective and neuroregenerative roles in promoting
axonal growth and remyelination after SCI [13, 15]; (II) defi-
ciency of FGF13 gene exhibits learning and memory decline,
as well as synaptic excitatory–inhibitory imbalance [40]; and
(III) in vivo transduction of wide variety of cells with
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lentivirus that overexpress FGF13 resulting in continuously
repairing PNI over several months. Thus, we speculate that
overexpression of FGF13 is a potential strategy for improving
morphological and functional recovery following PNI. To
confirm this speculation, the adult rats with sciatic nerve of
transection lesion were injected in situ FGF13 lentivirus. At
determined time point, histological and functional recovery
in the lesion region was evaluated via multiple comprehen-
sive experiments. The result of our data demonstrated that
application of FGF13 significantly ameliorated locomotor
outcome and axonal and myelin regeneration, as well as
fibrotic deposition, indicating FGF13 as a therapeutic agent
not only supported neuroregeneration in central nervous
system but also improved axonal generation and plasticity
in peripheral nervous system.

In summary, our data provided the first direct evidence
that FGF13 had the capacity for significantly promoting
axonal regrowth, remyelination, and functional reinnerva-
tion after sciatic nerve transection injury. Moreover, the
underlying molecular mechanism was probably through
stabilizing microtubule in SCs to enhance their intrinsic
growth capacity. The findings of this exploratory study
suggest that FGF13 may serve as a novel therapeutic agent
for repairing PNI or other PNS injury.
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Supplementary Materials

Real-time quantitative PCR. According to the manufacturer’s
protocol, sciatic nerve tissues were collected and homoge-
nized in TRIZOL (Invitrogen, California, CA, USA) to
extract total RNA. Both reverse transcription and quantita-
tive PCR (qPCR) were carried out using a two-step M-

MLV Platinum SYBR Green qPCR SuperMix-UDG kit (Invi-
trogen, Carlsbad, CA). An Eppendorf Real plex 4 instrument
(Eppendorf, Hamburg, Germany) was used to conduct real-
time qPCR. The primers of target genes are listed in the
Supplementary Table 1. The relative amount of mRNA was
calculated by the comparative threshold cycle method with
β-actin as control. Supplementary Figure S1: effect of LV-
FGF13 on regulating inflammation response at 7d post-
injury. (a) mRNA levels of the proinflammatory cytokines
IL-6, IL-1β, and TNF-α in sciatic nerve tissue. (b) Gene
expression of anti-inflammatory cytokines IL-4, IL-10, and
IL-13 in sciatic nerve tissue from the control, PNI, vehicle,
and FGF13 groups. Data are expressed as mean ± SEM for
three independent experiments. ∗∗∗Statistically significant
difference (P < 0:001) versus the control group. No statistical
significance (n.s) was observed between PNI and FGF13
groups, plus vehicle, and FGF13 groups. Supplementary
Table 1: primer sequences for real-time qPCR.
(Supplementary Materials)

References

[1] J. Noble, C. A. Munro, V. S. Prasad, and R. Midha, “Analysis of
upper and lower extremity peripheral nerve injuries in a pop-
ulation of patients with multiple injuries,” The Journal of
Trauma, vol. 45, no. 1, pp. 116–122, 1998.

[2] C. A. Taylor, D. Braza, J. B. Rice, and T. Dillingham, “The inci-
dence of peripheral nerve injury in extremity trauma,” Ameri-
can Journal of Physical Medicine & Rehabilitation, vol. 87,
no. 5, pp. 381–385, 2008.

[3] G. Lundborg and P. Richard, “Bunge memorial lecture. Nerve
injury and repair–a challenge to the plastic brain,” Journal of
the Peripheral Nervous System: JPNS, vol. 8, no. 4, pp. 209–
226, 2003.

[4] M. Schenker, R. Kraftsik, L. Glauser, T. Kuntzer,
J. Bogousslavsky, and I. Barakat-Walter, “Thyroid hormone
reduces the loss of axotomized sensory neurons in dorsal root
ganglia after sciatic nerve transection in adult rat,” Experimen-
tal Neurology, vol. 184, no. 1, pp. 225–236, 2003.

[5] S. Yi, L. Xu, and X. Gu, “Scaffolds for peripheral nerve repair
and reconstruction,” Experimental Neurology, vol. 319, article
112761, 2019.

[6] X. Gu, F. Ding, Y. Yang, and J. Liu, “Construction of tissue
engineered nerve grafts and their application in peripheral
nerve regeneration,” Progress in Neurobiology, vol. 93, no. 2,
pp. 204–230, 2011.

[7] R. Li, D. H. Li, H. Y. Zhang, J. Wang, X. K. Li, and J. Xiao,
“Growth factors-based therapeutic strategies and their
underlying signaling mechanisms for peripheral nerve
regeneration,” Acta Pharmacologica Sinica, vol. 41, no. 10,
pp. 1289–1300, 2020.

[8] R. Li, D. Li, C. Wu et al., “Nerve growth factor activates
autophagy in Schwann cells to enhance myelin debris clear-
ance and to expedite nerve regeneration,” Theranostics,
vol. 10, no. 4, pp. 1649–1677, 2020.

[9] N. Z. Alsmadi, G. S. Bendale, A. Kanneganti et al., “Glial-
derived growth factor and pleiotrophin synergistically pro-
mote axonal regeneration in critical nerve injuries,” Acta
Biomaterialia, vol. 78, pp. 165–177, 2018.

[10] D. S. Huo, M. Zhang, Z. P. Cai, C. X. Dong, H. Wang, and Z. J.
Yang, “The role of nerve growth factor in ginsenoside Rg1-

14 Oxidative Medicine and Cellular Longevity

https://downloads.hindawi.com/journals/omcl/2021/5481228.f1.docx


induced regeneration of injured rat sciatic nerve,” Journal of
Toxicology and Environmental Health. Part A, vol. 78,
no. 21-22, pp. 1328–1337, 2015.

[11] G. M. DeStefano, K. A. Fantauzzo, L. Petukhova et al., “Posi-
tion effect on FGF13 associated with X-linked congenital gen-
eralized hypertrichosis,” Proceedings of the National Academy
of Sciences of the United States of America, vol. 110, no. 19,
pp. 7790–7795, 2013.

[12] E. Q. Wei, D. S. Sinden, L. Mao, H. Zhang, C. Wang, and G. S.
Pitt, “Inducible Fgf13 ablation enhances caveolae-mediated
cardioprotection during cardiac pressure overload,” Proceed-
ings of the National Academy of Sciences of the United States
of America, vol. 114, no. 20, pp. E4010–E4019, 2017.

[13] J. Li, Q. Wang, H. Wang et al., “Lentivirus mediating FGF13
enhances axon regeneration after spinal cord injury by stabiliz-
ing microtubule and improving mitochondrial function,” Jour-
nal of Neurotrauma, vol. 35, no. 3, pp. 548–559, 2018.

[14] S. Nishimoto and E. Nishida, “Fibroblast growth factor 13 is
essential for neural differentiation in Xenopus early embryonic
development,” The Journal of Biological Chemistry, vol. 282,
no. 33, pp. 24255–24261, 2007.

[15] Q. F. Wu, L. Yang, S. Li et al., “Fibroblast growth factor 13 is a
microtubule-stabilizing protein regulating neuronal polariza-
tion and migration,” Cell, vol. 149, no. 7, pp. 1549–1564, 2012.

[16] S. Crunkhorn, “Microtubule stabilizer repairs spinal cord
injury,” Nature Reviews. Drug Discovery, vol. 14, no. 5,
p. 310, 2015.

[17] F. Hellal, A. Hurtado, J. Ruschel et al., “Microtubule stabiliza-
tion reduces scarring and causes axon regeneration after spinal
cord injury,” Science, vol. 331, no. 6019, pp. 928–931, 2011.

[18] J. Ruschel, F. Hellal, K. C. Flynn et al., “Axonal regeneration.
Systemic administration of epothilone B promotes axon regen-
eration after spinal cord injury,” Science, vol. 348, no. 6232,
pp. 347–352, 2015.

[19] M. He, Y. Ding, C. Chu, J. Tang, Q. Xiao, and Z. G. Luo,
“Autophagy induction stabilizes microtubules and promotes
axon regeneration after spinal cord injury,” Proceedings of
the National Academy of Sciences of the United States of Amer-
ica, vol. 113, no. 40, pp. 11324–11329, 2016.

[20] L. DeMedinaceli, W. J. Freed, and R. J. Wyatt, “An index of the
functional condition of rat sciatic nerve based on measure-
ments made from walking tracks,” Experimental Neurology,
vol. 77, no. 3, pp. 634–643, 1982.

[21] L. B. Bortalanza, J. Ferreira, S. C. Hess, F. Delle Monache,
R. A. Yunes, and J. B. Calixto, “Anti-allodynic action of
the tormentic acid, a triterpene isolated from plant, against
neuropathic and inflammatory persistent pain in mice,”
European Journal of Pharmacology, vol. 453, no. 2-3,
pp. 203–208, 2002.

[22] R. Li, J. Wu, Z. Lin et al., “Single injection of a novel nerve
growth factor coacervate improves structural and functional
regeneration after sciatic nerve injury in adult rats,” Experi-
mental Neurology, vol. 288, pp. 1–10, 2017.

[23] S. Walsh, J. Biernaskie, S. W. Kemp, and R. Midha, “Supple-
mentation of acellular nerve grafts with skin derived precursor
cells promotes peripheral nerve regeneration,” Neuroscience,
vol. 164, no. 3, pp. 1097–1107, 2009.

[24] M. Lavasani, S. D. Thompson, J. B. Pollett et al., “Human
muscle-derived stem/progenitor cells promote functional
murine peripheral nerve regeneration,” The Journal of Clinical
Investigation, vol. 124, no. 4, pp. 1745–1756, 2014.

[25] K. R. Jessen and P. Arthur-Farraj, “Repair Schwann cell
update: adaptive reprogramming, EMT, and stemness in
regenerating nerves,” Glia, vol. 67, no. 3, pp. 421–437, 2019.

[26] P. W. Baas, A. N. Rao, A. J. Matamoros, and L. Leo, “Stability
properties of neuronal microtubules,” Cytoskeleton, vol. 73,
no. 9, pp. 442–460, 2016.

[27] H. Witte, D. Neukirchen, and F. Bradke, “Microtubule stabili-
zation specifies initial neuronal polarization,” The Journal of
Cell Biology, vol. 180, no. 3, pp. 619–632, 2008.

[28] R. Tan, A. J. Lam, T. Tan et al., “Microtubules gate tau conden-
sation to spatially regulate microtubule functions,” Nature Cell
Biology, vol. 21, no. 9, pp. 1078–1085, 2019.

[29] M. Martin and A. Akhmanova, “Coming into focus: mecha-
nisms of microtubule minus-end organization,” Trends in Cell
Biology, vol. 28, no. 7, pp. 574–588, 2018.

[30] B. J. Mann and P. Wadsworth, “Kinesin-5 regulation and
function in mitosis,” Trends in Cell Biology, vol. 29, no. 1,
pp. 66–79, 2019.

[31] S. Chaaban and G. J. Brouhard, “Amicrotubule bestiary: struc-
tural diversity in tubulin polymers,” Molecular Biology of the
Cell, vol. 28, no. 22, pp. 2924–2931, 2017.

[32] M. T. Kelliher, H. A. Saunders, and J.Wildonger, “Microtubule
control of functional architecture in neurons,” Current Opin-
ion in Neurobiology, vol. 57, pp. 39–45, 2019.

[33] O. F. Omotade, S. L. Pollitt, and J. Q. Zheng, “Actin-based
growth cone motility and guidance,” Molecular and Cellular
Neurosciences, vol. 84, pp. 4–10, 2017.

[34] S. Dupraz, B. J. Hilton, A. Husch et al., “RhoA controls axon
extension independent of specification in the developing
brain,” Current Biology, vol. 29, no. 22, pp. 3874–3886.e9,
2019.

[35] M. B. Steketee, C. Oboudiyat, R. Daneman et al., “Regulation
of intrinsic axon growth ability at retinal ganglion cell growth
cones,” Investigative Ophthalmology & Visual Science, vol. 55,
no. 7, pp. 4369–4377, 2014.

[36] P. W. Baas and F. J. Ahmad, “Beyond taxol: microtubule-based
treatment of disease and injury of the nervous system,” Brain:
A Journal of Neurology, vol. 136, no. 10, pp. 2937–2951, 2013.

[37] A. C. Mitchell, P. S. Briquez, J. A. Hubbell, and J. R. Cochran,
“Engineering growth factors for regenerative medicine appli-
cations,” Acta Biomaterialia, vol. 30, pp. 1–12, 2016.

[38] T. P. Smith, P. K. Sahoo, A. N. Kar, and J. L. Twiss, “Intra-axo-
nal mechanisms driving axon regeneration,” Brain Research,
vol. 1740, article 146864, 2020.

[39] J. C. Wong and A. Escayg, “Fgf13 identified as a novel cause of
GEFS,” Epilepsy Currents, vol. 16, no. 2, pp. 112-113, 2016.

[40] R. S. Puranam, X. P. He, L. Yao et al., “Disruption of Fgf13
causes synaptic excitatory-inhibitory imbalance and genetic
epilepsy and febrile seizures plus,” The Journal of Neurosci-
ence: The Official Journal of the Society for Neuroscience,
vol. 35, no. 23, pp. 8866–8881, 2015.

15Oxidative Medicine and Cellular Longevity


	Fibroblast Growth Factor 13 Facilitates Peripheral Nerve Regeneration through Maintaining Microtubule Stability
	1. Introduction
	2. Materials and Methods
	2.1. Animals and Ethics Statement
	2.2. Preparation of Nerve Transection Model and Drug Application
	2.3. Functional Recovery Analysis
	2.4. Tissue Preparation
	2.5. Histological Staining and Morphometric Analysis
	2.6. Immunofluorescence
	2.7. Immunoblotting
	2.8. Preparation of Myelin Extracts
	2.9. Cell Culture, Transfection, and Treatments
	2.10. Live/Dead Staining Assay
	2.11. Statistical Analysis

	3. Result
	3.1. FGF13 Persistently Facilitates Neurologic Functional Recovery after PNI
	3.2. FGF13 Attenuates Atrophy of the Gastrocnemius Muscle after PNI
	3.3. FGF13 Improves Morphological Restoration of the Regenerated Sciatic Nerve after PNI
	3.4. FGF13 Enhances Remyelination following PNI
	3.5. FGF13 Enhances Axonal Outgrowth following Nerve Transection
	3.6. FGF13 Induces Microtubule Stability in SCs
	3.7. FGF13 Reverses Myelin-Induced SC Apoptosis

	4. Discussion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials

