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Introduction: Spinal cord injuries (SCI)
usually result in crippling conditions due
to the very limited repair ability of the
mammalians’ central nervous system
(CNS). A favorable environment for cell
plasticity after a spinal cord manipulation
can be created through a combination of
peripheral nerve graft transplantation and
neurotrophic factors. Objective: This study aims to investigate the role of FGF-2
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in the cellular plasticity of the spinal cord in the presence of sciatic nerve-conditioned medium
(SNCM) in rats. Methods: Cell
morphology was assessed over 72
hours, and immunocytochemistry
analyses were conducted for NF200 and GFAP. Results: Morphological analysis showed evident
trophic development in the group
that received SNCM in the presence of FGF-2 (p≤0.0001). Moreover, immunoreactivity for NF200 and GFAP was more evident
and plastic compared to that of
the group without FGF-2. Conclusions: The evident increase in
the plasticity of spinal cord cells
might open new perspectives for
the development of techniques for
cell therapy using the association
of SNCM with FGF-2.
Introduction
Spinal cord injuries (SCI)
usually result in crippling conditions due to the very limited repair
ability of the mammalians’ central
nervous system (CNS). A favorable environment for cell plasticity
after a spinal cord manipulation
can be created through a combination of peripheral nerve graft
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transplantation and neurotrophic
factors. Our research group have
reported that this combinatory
treatment results in significant
improvement in motor behavior
and cell tropism in adult rats after
complete SCI (Guzen et al., 2009,
2012, 2016).
Fibroblast growth factors
(FGFs) are known to stimulate
mitogenesis in a variety of cells of
mesodermal or neuroectodermal
origin. FGFs and its high affinity
tyrosine kinase FGF receptors are
expressed in peripheral nervous
system (PNS) and are known to
regulate the development and modulation of the CNS (Blottner et
al., 1989; Grothe et al., 2001; Liu
et al., 2015; Oellig et al., 1995;
Weise et al., 1992)
Reported activities of FGFs
include stimulation of mitogenesis in astrocytes (Pettmann et al.,
1985), oligodendrocytes (Eccleston and Silberberg, 1985) and
Schwann cells (Davis and Stroobant, 1990), induction of fiber outgrowth in both PC-12 (Wagner
and D’amore, 1986) and adrenal
chromaffin cells (Stemple et al.,
1988), as well as increase in fiber
outgrowth in spinal cord (Guzen et
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al., 2012), hippocampus (Walicke
et al., 1986), retina (Lipton et al.,
1988) and exogenously applied
FGF-2 reduced neuronal injury
produced by prolonged hypoxia
(Sakaki et al., 1995).
Evidences from several
in vitro and in vivo studies have
shown that FGF-2 is not only
present in the nervous system. It
mediates survival-promoting signals and stimulates the transmitter metabolism of several neurons
during the development phase and
after injury (Grothe and Wewetzer, 2003; Szebenyi and Fallon,
1998; Unsicker et al., 1993).
FGF-1 and FGF-2 treated
cultures showed a significant increase in neurite outgrowth of
ventral spinal cord neurons and
stem cells, suggesting that both
FGFs can influence neuronal development (Iwasaki et al., 1995;
Lucena et al., 2014). Reports have
shown that FGF-2 stimulates the
growth of blood vessels, (Presta et
al., 2005) which is crucial for forming the nervous system tissue,
(Greenberg and Jin, 2005) and
enhances neurogenesis (Nakatomi et al., 2002; Ohori et al., 2006;
Yoshimura et al., 2003). In addi-
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tion, FGF-2 facilitates neuronal
survival and neuritegenesis (Abe
and Saito, 2001). These multiple effects attributed to FGF-2 on
the CNS may be useful for tissue
sparing and functional recovery
following moderate or severe contusive SCI (Bansal et al., 2002;
Rabchevsky et al., 1999, 2000).
Thus, the aim of this work is
to determine the functional roles
of FGF-2 in the cell plasticity of
the spinal cord in the presence of
sciatic nerve-conditioned medium
(SNCM) in rats.
Material and Methods
Animals
Male Wistar rats at an
approximate age of 45 days and
neonates aged 2 days were used
in this study under the approval
of the Ethics Committee on Animal Experimentation from the
State University of Rio Grande
do Norte (UERN), Protocol number 007/13. All experiments were
conducted in accordance with the
principles outlined in the National
Institutes of Health Guide for the
Care and Use of Laboratory Ani-
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mals (NIH Publication No.8023,
revised in 1978).
Adequate measures were
taken to minimize animal suffering or discomfort and to reduce
the number of animals used in the
experiments. Rats were housed
in polypropylene cages (41x34x16cm) under specific pathogen-free and standard laboratory conditions (ambient temperature of
23 ± 2°С, 12/12 h light / darkness
cycle) with sawdust bedding and
free access to tap water and standard pellet food.

of 2mm in length were obtained,
where they were placed in 60mm
plates with 1.5 mL of knockout
Dulbecco’s modified Eagle’s medium (DMEM) (Gibco, USA)
plus 10% foetal bovine serum and
0.1% gentamicin (D-10 Medium).
The medium was changed three times a week and the explants were
transferred to a new plate with
fresh medium once a week. This
procedure allowed for reasonable nutrient supply and adequate
analysis of their reactivity (Figure 1 A and B). At this stage (Two
week in culture), SNCM (100µL/
Sciatic nerve-conditioned plate) was collected for inoculamedium (SNCM)
tion into the spinal cord cell culture.
Animals were anesthetized
with ketamine and xylazine mi- Figure 1. Sciatic nerve explants (arrows
xture (Agener União, Brasil) and in figure A and B) showing initial migration of fibroblasts (arrowhead in A) and
subjected to extraction of the scia- Schwann cells (arrowhead in B). This
tic nerve, which was then transfer- culture was used to obtain SNCM.
red to 60mm plates with Leibovitz L-15 medium (L-15: Gibco,
USA). The other tissues (muscle,
fat, and blood vessels) attached to
the nerves were removed under
magnification using a SZ61 stereomicroscope (Olympus, Japan).
Further, the epineurium of the nerve was removed and fragments
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Isolation and Spinal Cord
Culture
The animals were sacrificed
with a lethal dose of anaesthetic
(isoflurane inhalation - Isoforine®
- Cristália, Brasil). The animals
were dissected under aseptic conditions for the removal of spinal
cord. In this way the vertebral column of the animal was sectioned
ventrally at the cervical level and
dorsally at the caudal level, then
proceeded with the compression
of the caudal part towards the cranial, thus allowing the avulsion
of the spinal cord tissue, thus the
spinal cord tissue was collected
and emerged in L-15 medium and,
then mechanical dissociation of
the tissue was performed by three
cycles of centrifugation and washing with D-10 medium, thus
allowing the cellular plating.
The medium was changed
at 72 hours intervals until the cells
became confluent. After cells reached 90% confluence (one week),
they were trypsinized and subcultured at a density of 1 × 106 cells/
plate (Figure 2).
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Figure 2. Microphotography illustrates
spinal cord cells in culture after 5 days
of plating.

The samples were incubated
in 20mm culture plates (eight replicates) over three time periods:
24, 48 and 72 hours, this experimental scheme is represented in
figure 3. With this procedure, it
was possible to assess the adhesion and proliferation of spinal
cord cells in the following groups:
1 - spinal cord cells + SNCM and
2 - spinal cord cells + SNCM + 10
μl of a FGF-2 solution (1μg/10μl/
plate; Sigma, USA) diluted in
PBS (Guzen et al., 2012). The cell
count was performed by phase
microscopy in 9 non overlapping
fields at 40x magnification using
a CKX41 microscope (Olympus,
Japan). In the periods of 24, 48
and 72 hours the images of the 9
points were collected and, after 72
hours with the accomplishment of
immunocytochemistry for glial
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Immunofluorescence Staiand neuronal definition, the celluning
lar morphometric (area and perimeter) was performed.
By day three (72 hours),
Figure 3. Scheme demonstrates the expe- the cells had adhered to the plarimental design for the realization of the
two cultures. Primarily, sciatic nerve cul- tes and the medium could be eature was performed in order to obtain the sily removed. Cells were waconditioned medium to perform the treat- shed following two steps of five
ment of spinal cord cells in the presence minutes each using PBS 0.1 M,
or absence of FGF-2. Secondarily, spinal pH 7.4. Cells were then fixed in
cord cells were cultured and treated with
sciatic nerve-conditioned medium in the paraformaldehyde (PFA) 4% for
thirty minutes and washed again
presence or absence of FGF-2.
in three baths of PBS (five minutes each). Further, the cells were
treated with 0.5% Triton (Sigma)
for 10 minutes and washed with
PBS. Blocking of nonspecific sites
was performed for 30 minutes in
a PBS 0.1 M solution containing
0.2% Triton and 1% cattle serum
albumin (CSA).
Plates were incubated for
The 9 analysis points (points 2 hours at room temperature
marked on the plates) were the with anti-mouse NF-200 (Absame at 24, 48 and 72 hours, being cam, 1:1200) and GFAP (Sigma,
that the immunocytochemical 1:400). Upon completion of this
marking performed in 72 hours step, cells were washed in PBS
allowed the accomplishment of a (0.1 M, pH 7.4) for five minutes
comparative analysis with the pe- and incubated for 1 hour with anriods (images) of 24 and 48 hours, ti-mouse secondary antibody prothus allowing the identification duced in donkeys (Jackson, USA)
and quantification of glial and conjugated to fluorophore FITC
or AlexaFluor 594 and kept under
neuronal cells.
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Results
refrigeration in the absence of light. After a secondary incubation,
When comparing the avecells were washed with PBS for
five minutes and immediately exa- rage areas of neuronal cells at 24
mined with a fluorescence micros- hours, no significant difference
was observed between the group
cope (Eclipse E200, Nikon).
exposed to FGF-2 and that of non-FGF-2 treated group. However,
Statistical Analyses
at 48 and 72 hours, the former
Two independent investiga- showed higher average area of
tors calibrated (kappa=0.94) the neuronal cells than the group wicounted cells per field in absolute thout FGF-2 (p≤0,0001) (Figure
numbers, using cell cultures of at 4). Similar profile was observed
least 8 different experiments with in the analysis of neuronal cell
40x magnification. The Motic perimeter at 24, 48 and 72 hours
Images Plus 2.0 (Motic) software (p≤0,0001) (Figure 5).
was used for morphometric analysis (area in µm2 and perimeter in Figure 4. Average area of neuronal cells in
µm) and Adobe Photoshop CS6.0 the groups SNCM and SNCM plus FGF-2.
Morphological analysis showing evident tro(Adobe) software was used to set phic development in the group that received
the minimum brightness and con- SNCM in the presence of FGF-2, when comtrast of the photomicrographs. The pared to the group without FGF-2. Means ±
data was collected and analysed S.E.M. êp<0.05, êê<0.01 and êêê<0.001 acwith SPSS application software cording to ANOVA - Mann Whitney U test.
(social statistical package) version
22.0 using data typing consistency verification. The data were
statistically compared using Mann-Whitney U test and considered
significant when p < 0.05.

Figure 5. Average perimeter of neuronal cells
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in the groups SNCM and SNCM plus FGF-2.
Morphological analysis showing evident trophic development in the group that received
SNCM in the presence of FGF-2, when compared to the group without FGF-2. Means ±
S.E.M. êp<0.05, êê<0.01 and êêê<0.001 according to ANOVA - Mann Whitney U test.

Morphological analysis showing evident trophic development in the group that received
SNCM in the presence of FGF-2, when compared to the group without FGF-2. Means ±
S.E.M. êp<0.05, êê<0.01 and êêê<0.001 according to ANOVA - Mann Whitney U test.

When comparing the average areas of glial cells at 24 and 48
hours, the group exposed to FGF-2
presented higher trophic development than that without FGF-2 exposure (p≤0,0001), whereas no difference was observed at 72 hours
(Figure 6). In the case of glial cell
perimeter, no difference was observed at 24 hours. However, at 48
and 72 hours, the group exposed
to FGF-2 presented superior trophic development when compared
to the group without exposure to
FGF-2 (p≤0.001) (Figure 7).

Figure 7. Average perimeter of glial cells in
the groups SNCM and SNCM plus FGF-2.
Morphological analysis showing evident trophic development in the group that received
SNCM in the presence of FGF-2, when compared to the group without FGF-2. Means ±
S.E.M. êp<0.05, êê<0.01 and êêê<0.001 according to ANOVA - Mann Whitney U test.

Figure 6. Average area of glial cells in the
groups SNCM and SNCM plus FGF-2.
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shows an evident trophic development in the group that received
SNCM in the presence of FGF-2
(Fig. 8B and 9B), when compared
to the group that received SNCM
alone (Fig. 8A and 9A). Figure 8B
and 9B shows that the presence of
FGF-2 resulted in more developed cell bodies (arrow) and more
arborization (arrowhead) when
compared to those of SNCM alone
(Figure 8A and 9A). In addition,
the presence of FGF-2 cleared increased immunoreactivity, with
the cell body (arrow) and arborization (arrowhead) being more
plastic for NF-200 (Figure 8B)
and GFAP (Figure 9B) than the
group without FGF-2 (Figure 8A
and 9A, respectively).

Figure 9. Immunoreactive photomicrographs for GFAP demonstrates cells treated with SNCM (9A) and cells treated
with SNCM + FGF-2 (9B) groups. Arrows and arrowhead demonstrate a higher trophic effect in 9B compared to 9A.

Figure 8. Immunoreactive photomicrographs for NF-200 demonstrates cells
treated with SNCM (8A) and cells treated with SNCM + FGF-2 (8B). Arrows
and arrowhead demonstrate a higher trophic effect in 8B compared to 8A.

Discussion
These results may provide a
cellular explanation for the enhanced plasticity observed in rodent
spinal cord culture models after
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exposure to FGF-2. In our study,
the medium designed with nerve
fragments simulated a nerve injury situation. Thus, the explants
became more reactive and naturally secreted factors that would
allow a favorable environment for
nerve regeneration after trauma.
The histological organization of
SNCM possibly explains the high
reactivity and rapid deposition of
a possible neurotrophic factor in
the conditioned medium. The peripheral lesion microenvironment
simulated by SNCM explants might explain the neuronal and glial
plasticity, where this effect was
clearly enhanced by the addition
of FGF-2.
Our findings are corroborated with other in vitro studies that
investigated the role of FGF-2 in
various experimental models, although they did not use SNCM.
Previous studies showed that FGF
treatment produced differential
effects on survival and neurite
outgrowth in bulbospinal neurons (Pataky et al., 2000). Was
demonstrated that FGF-1 and
FGF-2 induced the migration and
neurite growth of mice’s cochlear
ganglion cells, stimulating early
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migration and outgrowth of the
ganglion cells by 5-10 times (Hossain and Morest, 2000). Studies
reported that FGF-2 enhanced
the growth of postnatal neostriatal GABAergic neurons, forming
three populations based on somatic size (Zhou and DiFiglia, 1993).
It also developed the cytoarchitectural features that are characteristic of dendrites, spines, and axons.
Walicke et al. (1986) reported that
FGF induced an increase in the
survival of dissociated hippocampal neurons and an enhancement
on neurite extension, resulting in
neurotrophic activity (Walicke et
al., 1986). Studies have shown
that low molecular weight FGF-2
selectively promoted neuritogenesis, enabling neurite outgrowth
of spinal motoneurons in terms of
both elongation and arborization
(Allodi et al., 2013). Neurotrophic
effect of FGF-2 is also shown in
differentiation, proliferation, and
phenotypic expression of immortalized hypothalamic neurons
(Gallo et al., 2000).
Previous reports have shown
that the synthesis of FGF after
sciatic nerve injury has a significant impact on cell survival and
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neuritic proliferation. Have shown
that FGF-2 administration increased the survival of neurons and
the expression of growth-associated protein 43 (GAP-43) (Tassi et
al., 2007; Chen et al., 2015), which is related to neural regeneration
(Zhang et al., 2013). FGF-2 treatment induced the formation of parallel glial processes at the lesion
site, which enabled axonal regeneration. In addition, FGF-2 treatment increased neurogenesis around and at the injury site. It is worth
mentioning that these effects were
correlated with enhanced functional recovery of the left paretic
hind limb (Goldshmit et al., 2014)
due to the fact that the delivery
of neurotrophic factors increases
the regeneration of spinal motor
pathways such as the corticospinal tract (Grill et al., 1997; Liu et
al., 1999; Schnell et al., 1994). In
addition to neurotrophic and neuroprotective actions FGF-2 has
an acute inhibitory influence on
the impulse activity of spinal sensory neurons. This depression of
neuronal activity could add to the
neuroprotective action of FGF-2
by counteracting glutamate excitotoxicity following a central ner-
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vous trauma (Blüm et al., 2010)
and exogenously applied FGF-2
reduce neuronal injury produced
by prolonged hypoxia in cortical
neurons culture (Sakaki et al.,
1995).
Analysis of nervous tissues
in rats showed immunoreactivity
for FGF-2 in several types of neurons, indicating that FGF-2 has
neurotrophic and regenerative effects, which suggests that FGF-2
must act similarly on dorsal root
ganglion (DRG) neurons (Acosta et al., 2001; Blüm et al., 2001;
Malgrange et al., 1994).
The use of SNCM has an innovative approach and may serve
as a vehicle for drug delivery to
the CNS injury site. In addition, it
can increase the regenerative capacity of the CNS. Finally, our findings indicate that the treatment
strategy using SNCM combined
with FGF-2 enhances plasticity in
spinal cord cultured cells.
Conclusion
This study has enabled a
better understanding of the components involved in a neural stimulating environment. The com-
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bination of SNCM with FGF-2
allowed a neuroprotective effect
within a short period of time, thus
ensuring cell differentiation under
in vitro appropriate stimuli, which
increased cellular plasticity. The
trophic role of the SNCM made
it possible to register the patent in
the organ of the National Institute of Intellectual Property (INPI)
(Number - BR 1020160162289).
ment
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