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a b s t r a c t
Sonic hedgehog and Noggin are morphogenetic factors involved in neural induction and ventralization of the
neural tube, but recent ﬁndings suggest that they could participate in regeneration and functional recovery
after injury. Here, in order to verify if these mechanisms could occur in the spinal cord and involve synaptic plasticity, we measured the expression levels of Sonic hedgehog, Noggin, Choline Acetyltransferase, Synapsin-I and
Glutamate receptor subunits (GluR1, GluR2, GluR4), in a motoneuron-depleted mouse spinal cord lesion
model obtained by intramuscular injection of Cholera toxin-B saporin. The lesion caused differential expression
changes of the analyzed proteins. Moreover, motor performance was found correlated with Sonic hedgehog and
Noggin expression in lesioned animals. The results also suggest that Sonic hedgehog could collaborate in modulating synaptic plasticity. Together, these ﬁndings conﬁrm that the injured mammalian spinal cord has intrinsic
potential for repair and that some proteins classically involved in development, such as Sonic hedgehog and Noggin could have important roles in regeneration and functional restoration, by mechanisms including synaptic
plasticity.
© 2013 Elsevier B.V. All rights reserved.

1. Introduction
Noggin, encoded by the NOG gene, is a secreted glycoprotein
involved in the embryonic morphogenesis. In particular, Noggin is
expressed in the Spemann organizer and induces neural tissue by acting as an inhibitor of bone morphogenetic proteins [1–3]. Sonic hedgehog (Shh) is a morphogen involved in the ventralization of the neural
tube [4–7]. Both proteins collaborate in the development and patterning of the neuraxis [2,8–10]. Recent ﬁndings have shown that some
proteins classically involved in neural tissue morphogenesis could
also act as regulators of neurogenesis and/or neuroplasticity, in the
adult nervous system [11–14]. Interestingly, we have reported that
Shh could be also involved in spinal cord plasticity [15,16]. So far, little
is known about the possible role of Noggin in the adult spinal cord,
and the role of Shh needs to be further clariﬁed. It has been found
that Noggin stimulates neural stem cell proliferation in the hippocampus [17] and modulates hippocampal plasticity and spatial learning
[18,19].
In the present study, the expression levels of Noggin and Shh, as
well as several proteins directly involved in synaptic function, such
as Choline Acetyltransferase (ChAT), Synapsin-I and the AMPA receptor subunits GluR1, GluR2 and GluR4, were measured by western blotting in a previously established model of motoneuron-depleted mouse
spinal cord [15,16]. In order to verify some possible mechanisms by
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which Noggin and Shh could be functionally related to the spontaneous spinal cord plastic changes and the resulting functional recovery,
we used multivariate regression models to correlate protein expression levels with each other, as well as with the motor performance
of motoneuron-depleted animals.
2. Experimental procedures
Young adult male mice (n = 47) (Charles River, Strain 129,
5 weeks aged) were used. Animal care and handling were carried
out in accordance with the EU Directive 86/609/EEC. All experiments
have also been approved by our institutions. All efforts were made to
minimize the number of animals used and their suffering. Surgical
procedures were performed under deep anesthesia where necessary
(10 mg ketamine/2 mg xylazine per 100 g body weight, i.p.).
2.1. Neurotoxic lesion
Motoneuron depletion was induced by injection of the retrogradely trasported, ribosome-inactivating toxin, Cholera toxin-B saporin
(Advanced Targeting Systems, San Diego, CA, USA) into the medial
and lateral gastrocnemius muscles at a dose of 3.0 μg/2.0 μl PBS per
muscle, as described previously [15]. After the bilateral injection of
Cholera toxin-B saporin, mice were allowed to survive for either one
week (LES-1wk, n = 10) or one month (LES-1mo, n = 9). Other animals received an equal volume of Cholera toxin-B-only vehicle, and
they were then sacriﬁced at the same time-points as lesioned animals
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(SHAM-1wk, n = 5; SHAM-1mo, n = 6). In order to perform histological and immunohistochemical evaluations of the effects of neurotoxic
lesion, six mice were injected unilaterally and then transcardially perfused at either one week (n = 3) or one month (n = 3) after the lesion.
The efﬁciency of this toxin in producing a selective motoneuron depletion after injection in the target muscle has been proven [15,20–22],
thus providing an effective model of primary neurodegeneration. Similar methods of selective neurotoxic lesion have been already used in
our laboratory [23,24].
Finally, a group of animals were left untreated and used as normal
controls for western blot experiments (NC; n = 11).
2.2. Functional test
All bilaterally lesioned, as well as sham lesioned and NC animals,
were subjected to grid walk test to evaluate the effects of lesion upon
motor activity [15,25]. Brieﬂy, tests were performed starting 1 day before lesion, and then repeated at one week and at one month after
toxin injection. Mice had to walk across a 50 cm long runway made of
round metal bars placed at variable distance and moved at every trial
to prevent habituation. The animals had to cross the runway three
times per session. The number of footfalls relative to both hindlimbs
at every crossing of the runway was counted and divided by the corresponding number of steps. Then, we calculated the average values between test repetitions.
2.3. Histology, immunohistochemistry and microscopy
After completion of the survival period, the unilaterally injected
animals were deeply anesthetized and perfused transcardially with
40 ml of room temperature saline followed by 100 ml of ice-cold
phosphate-buffered 4% paraformaldehyde (pH 7.4). The lumbar spinal cord was dissected out, postﬁxed for 1 h and then soaked overnight into a phosphate-buffered 20% sucrose solution at 4 °C. Then,
20 μm-thick horizontal sections were cut on a freezing microtome
and collected into 4 series. One series was used for cresyl violet staining, while the other series were used for immunoﬂuorescence by
using the following primary antibodies: mouse anti-ChAT (Immunological Sciences, Cat. No. MAB10838; Dilution 1:400), rabbit antiSynapsin-I (Abcam plc, Cat. No. AB18814; Dilution 1:500), goat antiShh (Santa Cruz Biotechnology Inc., Cat. No. sc-1194; Dilution
1:300), mouse anti-GluR1 (Santa Cruz Biotechnology Inc., Cat. No.
sc-13152; Dilution 1:300), goat anti-GluR2 (Santa Cruz Biotechnology
Inc., Cat. No. sc-7610; Dilution 1:300), goat anti-GluR4 (Santa Cruz
Biotechnology Inc., Cat. No. sc-7614; Dilution 1:300) and rabbit antiNoggin (Millipore, Cat. No. AB5729; Dilution 1:500). In brief, sections
were mounted on gelatine-coated slides, incubated for 30 min in 5%
normal donkey serum and 0.4% Triton X100 in PBS and then overnight
at room temperature with the primary antibody solution containing
0.3% Triton X100 and 2% normal donkey serum. As negative control,
the primary antibody has been omitted in some sections. Then, sections were washed in PBS and incubated for 1 h with the appropriate
Alexa Fluor 488 donkey anti-mouse, anti-rabbit or anti-goat secondary antibodies (Invitrogen Ltd., UK, dilution 1:500), in PBS plus 2%
normal donkey serum and 0.3% Triton X100. After washing in PBS, sections were counterstained for 5 min with DAPI (Invitrogen Ltd., UK,
dilution 1:20000) in PBS. Slides were coverslipped with Permaﬂuor
(Thermo) and stored at 4 °C pending analysis. The observation of
cresyl violet-stained spinal cord sections and proﬁle counts were
performed by using a Zeiss light microscope coupled with a Zeiss
Axiocam camera (Carl Zeiss S.p.A, Arese, Italy), whereas the observation of immunostained sections was carried out by means of a laser
confocal microscope (Leica Microsystems S.p.A., Milano, Italy). For
motoneuron proﬁle count, four alternate horizontal spinal cord
sections from each animal were analyzed at similar rostro-caudal
(L3–L5) and dorso-ventral (lamina IX) levels. Relative proﬁle numbers
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on each side were expressed as the average number/section. Only
unambiguous immunopositive proﬁles characterized by an evident
nucleus and well deﬁned motoneuronal features were considered.
Then, the number of proﬁles in the ipsilateral (lesioned) side was
expressed as percent of the number of proﬁles counted in the contralateral side.
2.4. Western blotting
After the last test session, animals were sacriﬁced by decapitation.
Lumbar spinal cords were dissected out and homogenized as previously
described [15]. For western blot quantiﬁcation, 20 μg of protein were
separated on a 4–20% polyacrylamide gel and transferred to a nitrocellulose membrane. Membranes were blocked overnight at 4 °C with
5% BSA and incubated for 1 h with the following primary antibodies:
mouse anti-ChAT (Immunological Sciences, Cat. No. MAB10838; Dilution 1:400), rabbit anti-Synapsin-I (Abcam plc, Cat. No. AB18814; Dilution 1:500), goat anti-Shh (Santa Cruz Biotechnology Inc., Cat. No.
sc-1194; Dilution 1:300), mouse anti-GluR1 (Santa Cruz Biotechnology
Inc., Cat. No. sc-13152; Dilution 1:300), goat anti-GluR2 (Santa Cruz
Biotechnology Inc., Cat. No. sc-7610; Dilution 1:300), goat anti-GluR4
(Santa Cruz Biotechnology Inc., Cat. No. sc-7614; Dilution 1:300) and
rabbit anti-Noggin (Millipore, Cat. No. AB5729; Dilution 1:1000).
Then, membranes were washed and incubated for 1 h with the appropriate peroxidase-conjugate goat anti-rabbit (Thermo Scientiﬁc group;
Cat. No. 1858415; Dilution 1:6000), goat anti-mouse (Thermo Scientiﬁc group; Cat. No. 1858413; Dilution 1:6000) or rabbit anti-goat
(Millipore, Cat. No. AP106P; Dilution 1:10000) secondary antibodies.
Peroxidase activity was developed by enhanced chemiluminescent
substrate (Pierce Biotechnology Inc., Thermo Scientiﬁc group; Cat. No.
34075) and visualized on a ﬁlm (Kodak). Then, the protocol was repeated for quantiﬁcation of actin, using a mouse anti-actin primary antibody (Millipore, Cat. No. MAB1501; Dilution 1:700) followed by a
goat anti-mouse secondary antibody (Pierce Biotechnology Inc., Cat.
No. 1858413; Dilution 1:5000).
The ﬁlms were digitally scanned and the relative 300 dpi grayscale
images were used for optical density measurement by using Scion
Image software. Density values were normalized to actin levels measured in the same membrane. All assays were performed in triplicate.
2.5. Statistical analysis
Differences between lesioned and control groups in western blot
and grid walk test data were evaluated by one-way ANOVA followed
by Bonferroni's post-hoc test. Differences between lesioned and untreated spinal cord side in the number of motoneuron proﬁles, were
analyzed by Paired Student's t-test.
In order to assess whether the motor performance could depend
on the expression levels of the analyzed proteins, we used the following multivariate regression model:
MP ¼ β0 þ β1 ½ChAT þ β2 ½Synapsin−I þ β3 ½Noggin þ β4 ½Shh
þβ5 ½GluR1 þ β6 ½GluR2 þ β7 ½GluR4 þ ε

ð1Þ

where MP is the predicted value of motor performance; the terms in
square brackets are the mean optical density values, as measured by
western blot; β0–β7 represent the regression coefﬁcients and ε is the residual error. From this general model, we eliminated the non-signiﬁcant
terms by using backward stepwise regression. This procedure starts
with the complete model and removes iteratively the least signiﬁcant predictors until only signiﬁcant variables remain. We used a restrictive α value (α b 0.05) for which a given variable was allowed
into the model and selected only ﬁnal models that explained at least
20% of the dataset variance (R2 N 0.20) with a P-value of the regression
ANOVA less than 0.01.
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Where appropriate, similar analyses were performed in order to
ﬁnd signiﬁcant models explaining correlations between each protein
and the others. The model used was like the following:
Predicted ½P ¼ β0 þ β1 ½P1 þ β2 ½P2 þ β3 ½P3 þ β4 ½P4 þ β5 ½P5

ð2Þ

þβ6 ½P6 þ ε
where [P1]–[P6] are the average optical density values of the analyzed
proteins, as measured by western blot; “Predicted[P]” is the predicted
mean value of optical density relative to a given protein; β0–β6 represent the regression coefﬁcients and ε is the residual error. Similar multivariate regression models were used in our previous works [16,26].
All analyses were performed by means of Systat 11 (Systat Software Inc.).
3. Results
All animals survived surgery except an animal belonging to the
LES-1mo group and another belonging to the SHAM-1mo group. Sham
lesioned and normal groups were pooled together in a single control
group (CTRL), since they did not differ from each other in terms of western blot and functional data. The analysis of cresyl violet-stained section
from unilaterally lesioned mice demonstrated a signiﬁcant 33 ± 9% decrease in the number of motoneuron proﬁles ipsilaterally to the injected
muscles, one week after the lesion (Paired Student's t-test: t2 = 5.29;
P = 0.025; Fig. 1). A similar motoneuron depletion was observed at
one month (not shown). Similar results were obtained after counting
the ChAT-positive motoneurons in the immunostained sections
(36 ± 7%; Paired Student's t-test: t2 = 6.65; P = 0.019).
The lesion resulted in a signiﬁcant effect on grid walk performance
(ANOVA: F2,36 = 37.64, P = 0.000; Fig. 2A). In particular, LES-1wk
mice showed a ﬁve-fold increase of the number of footfalls/step compared with controls (Bonferroni: P = 0.000; Fig. 2A) and then recovered at one month (Bonferroni: P = 0.999; Fig. 2A).
3.1. Quantiﬁcation of protein expression
The analysis of western blot data revealed a signiﬁcant (ANOVA:
F2,36 = 7.39, P = 0.002; Figs. 2B and 3) 29 ± 6% decrease of the
average ChAT expression one week after the lesion (Bonferroni:
P = 0.002; Figs. 2B and 3), and showed near-normal levels at one
month (Bonferroni: P = 0.122; Figs. 2B and 3). Synapsin-I expression
appeared also signiﬁcantly (ANOVA: F2,36 = 9.96, P = 0.000; Figs. 2C
and 3) decreased by 32 ± 5% at one week (Bonferroni: P = 0.000;

Figs. 2C and 3), and similar to controls at one month after the lesion
(Bonferroni: P = 0.087; Figs. 2C and 3). Noggin expression maintained
near-normal levels at one week after the lesion (Bonferroni: P = 0.998;
Figs. 2D and 3), whereas the expression at one month showed a significant 63 ± 23% increase (ANOVA: F2,36 = 5.09, P = 0.011, Bonferroni:
P = 0.010; Figs. 2D and 3). The average levels of Shh at one week after
the lesion showed a small but signiﬁcant (ANOVA: F2,36 = 5.06, P =
0.012; Bonferroni, P = 0.017; Figs. 2E and 3) decrease by 11 ± 3%,
and appeared restored at one month (Bonferroni: P = 0.999; Figs. 2E
and 3), being also signiﬁcantly higher than LES-1wk levels (Bonferroni:
P = 0.037; Figs. 2E and 3). Among AMPA Glutamate receptor subunits, GluR1 appeared signiﬁcantly increased by 15 ± 6% at one week
(ANOVA: F2,36 = 6.01, P = 0.006; Bonferroni: P = 0.027; Figs. 2F and
3), and then signiﬁcantly decreased at one month (Bonferroni: P =
0.007; Figs. 2F and 3), thus reaching near-normal levels (Bonferroni,
P = 0.737; Figs. 2F and 3). Conversely, GluR2 protein appeared reduced
by 15 ± 7% at one week and by 7 ±4% at one month after the lesion,
but the reduction was not signiﬁcant (ANOVA: F2,36 = 2.54, P =
0.093; Figs. 2G and 3). The expression of GluR4 was not signiﬁcantly reduced by 15 ± 4% at one week (Bonferroni: P = 0.248; Figs. 2H and 3)
and signiﬁcantly decreased by 29 ± 11% at one month (ANOVA:
F2,36 = 5.47, P = 0.008; Bonferroni: P = 0.009; Figs. 2H and 3).
3.2. Distribution of protein within the lumbar spinal cord tissue
The speciﬁc localization of ChAT (Fig. 4A–C), Synapsin-I (Fig. 4D–F),
Noggin (Fig. 4G–I), Shh (Fig. 4J–L) and the AMPA receptor subunits
GluR1 (Fig. 5A–C), GluR2 (Fig. 5D–F) and GluR4 (Fig. 5G–I) within the
unilaterally lesioned spinal cord, has been studied by immunohistochemistry and confocal microscopy. The results have shown that all
proteins are expressed in the lumbar spinal cord, in particular by motoneurons, in either the untreated (CTRL, Figs. 4 and 5) and lesioned side
of spinal cord sections taken at one week (LES-1wk, Figs. 4 and 5) or at
one month after the lesion (LES-1mo, Figs. 4 and 5). The difference
between control and lesioned side in immunopositive signal is not as
evident as shown by western blot but, however, the staining intensity
seems to conﬁrm quantitative results (Figs. 3, 4 and 5). Negative controls obtained by omitting the primary antibody have conﬁrmed the
speciﬁcity of the stainings (Fig. 6).
3.3. Multivariate regression models
In order to address the possibility that the worsening of functional
performance after injury and/or the following recovery, could be linked

Fig. 1. Light microscope images showing an example of lumbar spinal cord section from a unilaterally lesioned animal, stained with cresyl violet. The effect of neurotoxic lesion on
the number of surviving motoneurons is evident in the right side of the cord, ipsilaterally to the injected muscle (IPSI), as compared to the contralateral side (CONTRA). The original
picture has been converted in greyscale image and adjusted in brightness and contrast. Scale bar: 250 μm.
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correlation between the real values of grid walk performance and those
predicted by the model (R17 = 0.746, P = 0.003, Fig. 7A, G). It is evident that the expression levels of Noggin and Shh are good predictors
of hindlimb performance, and that they are inversely correlated with
the number of footfalls. No association between variables was found
within the control group (not shown).
Given the signiﬁcant relationship between motor performance of
lesioned animals and the expression levels of both Noggin and Shh,
we again used a multivariate regression model (Eq. (2)) to verify if
these proteins could be associated with those directly linked with synaptic function (ChAT, Synapsin-I, GluR1, GluR2, GluR4). The results have
shown that the expression of Shh predicted by the model was associated with those of Synapsin-I, GluR2 and GluR4 (Fig. 7B, C, D, E, G), and
signiﬁcantly correlated with the actual values of Shh expression
(R17 = 0.746, P = 0.003, Fig. 7B). The results also showed that GluR1,
GluR2 and GluR4 are correlated with each other (Fig. 7D, E, F, G). Conversely, the expression levels of Noggin and ChAT were found to be independent from the other proteins (Fig. 7G). No association between
variables was found within the control group (not shown).
4. Discussion

Fig. 2. Motor performance scored at the grid walk test (A) and average protein expression levels (B–H). Grid walk performance is expressed as footfalls/step and normalized
to control (CTRL; n = 21) levels. Western blot data are relative to the expression
levels of ChAT (B), Synapsin-I (C), Noggin (D), Shh (E), GluR1 (F), GluR2 (G), and
GluR4 (H) in spinal cord homogenates from CTRL and lesioned animals analyzed at
one week (LES-1wk; n = 10) and one month (LES-1mo; n = 8) after lesion. Values
are mean ± s.e.m.; they are expressed as arbitrary units and normalized to control
levels. Each graph reports the probability calculated by one-way ANOVA. Asterisks
(*) indicate signiﬁcant difference from control levels, whereas the dagger (†) indicates
signiﬁcant difference from LES-1wk levels, as calculated by Bonferroni's post-hoc test.

to the protein expression levels, we used the multiple regression model
in Eq. (1). LES-1wk and LES-1mo groups were pooled together and,
after the application of backward stepwise regression, we obtained
the model reported in Fig. 7A and G. Fig. 7A shows the highly signiﬁcant

The injection of Cholera toxin-B saporin into the gastrocnemius
muscle resulted in a partial depletion of lumbar motoneurons accompanied by the impairment of hindlimb function. The motoneuron loss
was paralleled by a down-regulation of ChAT within the lumbar spinal
cord at one week after the lesion. Given that the majority of acetylcholine release within the spinal cord originates from motoneuronal activity, whereas the remaining cholinergic activity is linked to other
intraspinal neurons [27–29], it is likely that the observed downregulation of ChAT could be caused in large part by the motoneuron
loss, and in part by the consequent disruption of spinal circuitry.
The decrease of ChAT expression was paralleled by a similar downregulation of Synapsin-I, that could reﬂect a decreased number and/
or a reduced trafﬁcking of synaptic vesicles [30,31]. Interestingly,
both proteins were partially restored at one month after the lesion, indicating a partial recovery of the whole synaptic activity in the lumbar
spinal cord, which was accompanied by the restoration of motor
performance, even though the motoneuron depletion is permanent.
The observed changes in the expression of AMPA receptor subunits
are also likely due to the overall reduction of the number and activity
of lumbar spinal cord synapses or, moreover, they could depend on
changes in the stoichiometry of AMPA receptors, that ultimately can
result in synaptic plasticity [32–34].
The main purpose of our study was to investigate the role of Shh
and Noggin in the compensatory changes occurring within the
motoneuron-depleted spinal cord. Similarly to ChAT and Synapsin-I,
Shh expression was signiﬁcantly down-regulated at one week after
the lesion and then restored at one month. Conversely, Noggin expression levels appeared unchanged at one week but signiﬁcantly
up-regulated at one month after the lesion.
The western blot data are anatomically supported by ﬂuorescence
immunohistochemistry and laser confocal microscopy carried out on
unilaterally lesioned spinal cord sections. The results have shown that
all proteins are strongly expressed by motoneurons, either in the
intact and in the lesioned side, at both time-points. As expected, the
differences observed in the immunostained spinal cord were not as
obvious as the changes measured in the whole spinal cord, as revealed by western blotting but, however, they seem to conﬁrm the
quantitative results.
As demonstrated by the multivariate regression analysis, the observed changes of protein expression are positively correlated with
motor performance. This suggests that the increase of Shh or Noggin
expression would improve motor performance in lesioned animals.
Few studies have addressed these relevant aspects of Shh and Noggin
function. However, it has been shown that Shh is up-regulated after
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Fig. 3. Western blots showing immunoreactive bands relative to ChAT, Synapsin-I, Noggin, Shh, and the AMPA receptor subunits GluR1, GluR2 and GluR4, in relation to their corresponding actin signals in control and lesioned mice sacriﬁced at one week or one month after lesion.

Fig. 4. Panel of confocal images showing examples of immunostained lumbar spinal cord sections collected from unilaterally lesioned mice. The panel shows the expression of ChAT
(A–C), Synapsin-I (D–F), Noggin (G–I) and Shh (J–L) in either the untreated (CTRL) and lesioned spinal cord side of mice belonging to the LES-1wk or LES-1mo groups. As evident in
these images, spinal motoneurons strongly express ChAT, Noggin and Shh, and they are also surrounded by Synapsin-I positive puncta. The difference between control and lesioned
sides is not as obvious as revealed by western blot data but, however, some difference could be seen. Nuclei have been stained with DAPI (gray). The original images have been
converted in greyscale and adjusted in brightness and contrast. Scale bars: 50 μm.
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Fig. 5. Panel of confocal images showing examples of immunostained lumbar spinal cord sections collected from unilaterally lesioned mice. The panel shows the expression of the
AMPA receptor subunits GluR1 (A–C), GluR2 (D–F) and GluR4 (G–I) in either the untreated (CTRL) and lesioned spinal cord side of mice belonging to the LES-1wk or LES-1mo
groups. As evident in these images, all AMPA receptor subunits are expressed in motoneurons. The difference between control and lesioned sides is visible, although it is not as
relevant as shown by western blot. Nuclei have been stained with DAPI (gray). The original images have been converted in greyscale and adjusted in brightness and contrast.
Scale bars: 50 μm.

spinal cord injury and could participate to functional recovery by providing neuroprotection [35–37]. Moreover, Noggin could stimulate
functional recovery after spinal cord injury by either enhancing axonal growth [38] or inducing neurogenesis [39]. Since Shh and Noggin
are found to affect functional performance of lesioned animals, we
used multivariate regression analysis to verify if their expression is
linked with those of proteins directly involved in synaptic functions,
such as ChAT, Synapsin-I and AMPA receptor subunits. The data conﬁrmed that Shh is directly correlated with both Synapsin-I and GluR2,
and inversely linked with GluR4. This ﬁnding, together with the observed mutual linkage between AMPA subunits, again suggests that
possible changes in the stoichiometry of AMPA receptors can occur

after lesion, probably participating to synaptic plasticity [32–34].
Noteworthy, all these plastic changes occurred within the spared tissue and resulted in the recovery of locomotion, despite the permanent loss of motoneurons. This ﬁnding suggests that the spared
motoneurons and the related spinal cord circuitries could increase
and/or modify their activity to allow the restoration of near-normal
muscle function. This assumption is also sustained by the increase
of ChAT expression by motoneurons, as well as Synapsin-I, observed
at one month after the lesion. Similar events have been proposed in
a model of thoracic spinal cord hemisection, where lumbar motoneurons are still in place, but they lost a large amount of spinal and
supraspinal afferents [26,40].

Fig. 6. Panel of confocal images showing the negative controls of immunostaining obtained by using the Alexa Fluor 488 donkey anti-mouse, donkey anti-rabbit and donkey
anti-goat secondary antibodies alone, and omitting the primary antibody. Nuclei have been stained with DAPI (gray). The original images have been converted in greyscale and
adjusted in brightness and contrast. Scale bars: 50 μm.
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synaptic plasticity, as well as provide trophic and neuroprotective effects
to the damaged tissue and then strengthen functional recovery.
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